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RESUMD

Este trabalho propbe uma nova netodol ogia
mat emati ca para a representacao do gl obo terrestre sobre um
el i ps6i de, capaz de viabilizar equacbes para o tratanmento
de posicbes geodésicas, georreferéncia e determ nacdo de
di st anci as e angul os, com precisdo variavel e continui dade
das informacdes em todas as partes do elipsoide. O estudo
foi desenvolvido como intuito de se criar um necani sno de
projecdo, em trés dinensbes, que tenha condic¢cbes de
elimnar ou reduzir as limtacdes encontradas nos atuais
sistemas de projecao cartografica, tais conpb a Universal
Transverse of Mercator e a Conica de Lanbert. As equacdes
mat emati cas foram inplenentadas e testadas em anbiente
comput aci onal . s resul t ados f oram apr esent ados
estatisticanmente e denonstraram que este sistema de
proj ecado consegue proporcionar sinultaneanente preci sdo em
al titude, azimute e di st anci a, com erros medi os
extremanente pequenos, tornando-se aplicavel em todas as
escal as de nmapeanent o.






GLOBAL PRQIECTI ON OF RANGEL -
A PRQIECTI ON SYSTEM OF TERRESTRI AL GLOBE ON AN ELLI PSO D

ABSTRACT

This work proposes a new nathematica
nmet hodology to represent the terrestrial globe on an
el lipsoid, capable of offering equations for dealing
geodetic positions, georeference, and distance and
beari ngs determ nation, with variable ©precision and
continuity of information in whole ellipsoid. The study has
been devel oped with the intention of creating a projection
mechanism in three dinensions, able to reduce or elimnate
all found limtations in actual cartographic projection
systens, as Universal Transverse of Mercator and Conical of
Lanbert. All nmathematical equations have been inplenented
and tested in conputational environment. The results were
statistically presented and have denonstrated that this
projection system can provide sinultaneously altitude,
bearings and distance precision, wth mninal average
errors, being applicable in all scal e nappings.
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CAPI TULO 1

| NTRODUCAO

Desde o inicio da historia da humani dade, o
honmem tem necessi dade de mapear 0 espaco a sua volta, de
forma a proporcionar neios para conduzir denarcacdes de
terras, dinmensionanentos agrarios, nhavegacbes terrestres,
maritimas e aeéreas.

Durante sécul os, a busca pel o conheci nento da
forma e das di nensdes da Terra inpul sionou pesqui sadores e
est udi osos, cujos esforcos culmnaram com a criacao de unma
nova ci énci a nmatemati ca conheci da cono Ceodési a.

Antes de Cristo, Pitagoras (Navia, 1990)

(O Meara, 1990), século 6" A C., e Aristoteles
(Ackrill, 1981), século 4 A C., definiram a Terra cono
esféerica. No século XVIl, Newon a considerou conop
el i psoidal (Wstfall, 1993) e, finalnente, no século XVIII

Gauss concl uiu que a sua nel hor representacédo seria a form
geoi dal (Buhl er, 1986).

Tendo em vista a necessidade de se nodelar
consi stentenmente o formato irregular da Terra, denom nado
geodi de, adotou-se a figura geonetrica do elipsoide cono
sendo a mais apropriada para ser utilizada conp referéncia
nos calculos de posicdo, distancia, direcdo e outros
el enment os geonétricos da Cartografia.

Varios sistemas de projecdo cartografica,
tais conmb a Universal de Mercator e a Conica de Lanbert,
foram desenvolvidos com o intuito de permtir a
representacdao em papel, em duas dinensbées, de posicdes
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geodésicas reais e, ainda, possibilitar nmensurar distancias
e direcdes entre estas posicoes.

OGs sistemas de projecdo atuais sao enpregados
| arganente em produtos conputacionais que necessitam de
posi ci onanento gl obal sobre a superficie terrestre,
entretanto, possuem algumas restrigBes que tornam o0s
calculos relativanente inprecisos e, em al gunas situacoes,
descont i nuos.

Conmo exenplo de limtacdo, pode-se citar um
dos sistemas de projecdo mais aplicaveis em navegacao
aérea, a projecao UTM (Crane, 2002), cujas transformacdes
possi bilitam obter precisbes nas nedi ¢coes de direcdo, poreéem
com inprecisbes nas distancias em pelo nenos 0,5% e,
princi pal nente, com desconti nui dade das informacdes a cada
sei s graus em | ongi tude.

Em alguns sistemas de projecéao, ha a
tentativa de nelhorar a qualidade das nedidas das
di stancias em detrinento as determ nagcdes de direcao,
entretanto, em outros, privilegia-se os valores de azinute
e os di mensi onanent os de areas.

Assim tendo <conb inmpulso as |imtac0Oes
encontradas nos atuais sistenas de projecdo, o0 objetivo
deste trabalho é propor uma nodel agem natematica para a
representacdo do globo terrestre sobre um elipséide, capaz
de viabilizar equacbes para o tratamento de posicdes
geodeési cas, georreferéncia e determ nacdo de distancias e
angul os, com precisdo variavel e continuidade das
i nformacdes emtodas as partes do eli psoi de.
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Para al cancar o objetivo proposto, o trabal ho
esta dividido em 6 capitul os.

No Capitulo 2, sera apresentada uma reviséao
bi bl i ografica sobre os conceitos basicos de Geodési a.

Al guns sistemas de projecao, at ual nente
enpregados em produtos cartograficos, serdao abordados no

Capitulo 3.

Os conceitos matemati cos do novo sistema de
proj ecdo serdo detal hados no Capitul o 4.

No Capitulo 5, os resultados obtidos com o
novo sistema de projecao serdao anali sados estatisticanente.

A conclusdo do trabalho e o0s conentéarios
finais serdo apresentados no Capitul o 6.
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CAPI TULO 2

CONCEI TOS DE GEQDESI A

2.1 - | NTRODUCAO

Geodésia é uma ciéncia tao velha quanto a
curi osi dade do Honem sobre a Terra, onde se busca conhecer
sua forma, posicdo e relacionanento com as estrelas e o0s
pl anet as. Segundo (Jursa et al., 1985), Geodeési a
corresponde a um banco de técnicas nmtematicas para a
determinacdo, a partir de observacdes e nedicbes, do
tamanho e da forma da Terra, de pontos sobre a superficie
do globo e, ainda, de valores de direcdao e nmgnitudes de
canmpos gravitacionais.

Por outro |ado, tendo cono foco a Cartografia
e 0 GCeoprocessanento, Geodésia pode ser definida cono a
ci éncia matematica que tem por objeto determinar a fornma e
as di nensdes da Terra, proporcionando nmei os para o control e
e a ordenacdo de terras, identificacdo de limtes de
propri edades, estudos topograficos, nedicbes de distancia e
cal cul os de direcédo (Charneca, 2001) (Charneca, 1996).

2.2 — GEOVETRIA DA GEQDESI A

Na Geodésia, existem duas superficies de
referéncia anplanente conhecidas: o gedide, no qual as
observacbes de altura sao referenciadas, e o elipsoéide, que
€ enpregado na determnacdo de posicdes geodésicas
(NI MA, 1984).
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2.2.1 — cEQO DE

O gedi de pode ser definido conmb a superficie
equi potencial do canpo da gravidade terrestre que mais se
aproxima do nivel nédio dos mares, estendida continuanente
sobre os continentes (D Al ge, 2002) (Rassias, 1991).

Nesta representacdo da Terra, considerando a
direcdo da gravi dade perpendicular ao geoide em qual quer
ponto da superficie, as coordenadas astronbm cas séao
definidas por dois angulos, latitude @® e longitude A
(Hel mert, 1884).

A latitude astronbmca ® €& o angulo, com
val ores positivos no polo norte, fornado pelo vetor da
gravi dade no ponto da superficie do gedéide e o plano
equatorial, -90°'< ® < 90°.

A longitude astronémca A corresponde ao
angul o, com valores positivos na direcao leste, fornmado
pelo plano que contém o vetor gravitacional e os polos
celestiais com o pl ano nmer i di onal de Greenwi ch,
-180" < ® < 180'.

normal do
elipsoide

normal do
gedide

superficie topografica

elipsoide

Fig. 2.1 — Relacdo entre o gedide e o elipsoide.
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Devido a irregularidade das massas internas
da Terra, o0 gebdide se caracteriza conp una superficie
irregular que ndo pode ser descrita por uma figura
geonetrica sinples, sendo necessario enpregar una outra
representacao matemati ca, cono pode ser observado na Figura
2.1 (Rapp, 1997) (N MA, 1984).

2.2.2 — ELI PSO DE

O elipséide de referéncia €& wum figura
mat emati ca sinples que se aproxim do gedide, sendo sua
superficie de revolucédo obtida a partir da rotacdo de unm
el i pse sobre o seu eixo nenor, resultando num elipséide
achat ado nos pél os (Gandt, 1995).

OGs el ipsoides geodésicos sao definidos pelos
segui ntes paranetros (Rapp, 1983) (Moritz, 1979):

a, - sem -ei xo nmai or equatorial,
b, - sem -ei xo nenor polar, e
f, - achatanmento pol ar, onde
-b
ft:(at t). (2 1)
a

Simlarnmente as coordenadas astrondnicas do
gedi de, os pontos sobre o elipséide sédo especificados por
coor denadas geodési cas definidas por dois angul os, |atitude
¢ e longitude A (Jursa et al., 1985).

A latitude geodésica ¢ é o angul o, com val ores
positivos no pélo norte, fornmado pelo vetor normal do ponto
sobre a superficie do elipsbéide e o plano equatorial,
-90'< ¢ < 90°, Figura 2.2.
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b,

P
altitude
//’

Eixo Equatorial

Eixo Polar

Fig. 2.2 — Latitude geodési ca.

A | ongi tude geodésica A corresponde ao angul o,
com val ores positivos na direcao leste, fornmado pel o plano
nmeridional, que passa pelo ponto sobre a superficie do
el i psoi de, e o] pl ano nmer i di onal de Greenw ch,
-180° < A < 180°, Figura 2.3.

Eixo Equatorial

Eixo Polar

Fig. 2.3 — Longitude geodési ca.
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Na literatura (Bursa, 1995) (NOAA, 1977), séo
encontradas al gunas equacfes basicas para a geonetria do
el i ps6i de, de acordo com o apresentado na Figura 2.4:

ei=2fh_fh2, (2.2)
g, =1-e;, (2.3)
Agzz————iﬁL————, (2. 4)
J1—e; -sen’ ¢
N,=g,-N,, (2.9)
N, =N,-(1-¢}), (2.6)
onde
a,=a,+h, (2.7)
b,=b,+h, (2.8)
e, ainda,
a, - sem -ei xo equatorial da Terra [netros],
b, - sem-eixo polar da Terra [netros],
h - altitude da posic¢édo [netros],
f, - coeficiente de achatanento “flattening” de rel agcéo
entre 0s sem - ei X0s,
e’ - excentricidade ao quadrado,
g, - coeficiente relativo ao quadrado da excentri ci dade,
N, - distancia entre a posic¢cdo geodésica P e a intersecao
da normal com o ei xo polar, e
N - distancia entre a posic¢cdo geodésica P e a intersecao

da normal com o plano horizontal que passa pelo
Equador (plano equatorial).
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Fig. 2.4 — Vari avei s béasicas do el i psaide.

2.2.3 — ELI PSE

Elipse € a figura cbnica de centro basica da
formacdo do elipsoide e corresponde, em duas di nensdes, a
curva pl ana dada pel a segui nte equacido do 2" grau em funcéo
de x e y:

(x_a)zcc)z_i_(y_bg/c)z:l, (2 9)

onde, P(x., Yy,) representa o ponto central da elipse e as
vari aveis a e b determ nam os val ores dos sem -ei X0s mnai or
e menor, respectivanente, Figura 2.5.

Por outro lado, uma elipse corresponde ao
conjunto de pontos P(x,y) cuja soma das distancias até dois
pontos fixos €& constante, sendo os fixos denom nados pontos
focais da elipse, Figura 2.6.
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v

P4(0,0)

Fig. 2.5 — Eli pse em duas di nensdes.

Fig. 2.6 — Pontos focais da elipse.

A partir de relacbes trigonométricas e dos
val ores dos sem -ei xos, temse que a distancia 2c, entre
os pontos focais F(c,0) e F (-c,0), é dada por

¢’ =a*-b>. (2.10)

Um outra equacdo inportante pode ser
encontrada nas bases da geonetria, onde, considerando uma
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el i pse centrada em P(0,0), a distéancia r da origem até um
ponto P(x,y) qual quer da elipse pode ser obtida por

,,:\/ a”-b* (2.11)

a’-sen*0+b*-cos’ 0’

na qual 6 corresponde ao angulo fornmado entre o eixo das
abcissas e a reta determnada pelos pontos P(x,y) e
P(0,0), Figura 2.7.

Fig. 2.7 — Distancia entre a origeme um ponto da elipse.

Final rente, o perinmetro P da elipse pode ser
cal cul ado a partir de integrais, de forma que

P=a[ J1-k*:sen’0-d0, onde (2.12)

2 72
P el (2.13)
a
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sendo que, por aproxi nagéao,

a’ +b?
7

P=2rx

(2.14)

2.3 — DATUM

Por se tratar de uma aproximcao geonetrica
do gedide, o elipsoide de referéncia deve ser escol hido, em
ternos de valores dos seni-eixos e posicdo geodésica de
ref er énci a, a partir de critérios de adequacdo ou
conform dade com a regido da superficie terrestre que se
desej a napear.

Desta forma, surge o conceito de “datum
geodési co” que pode ser definido conb a estrutura basica
para 0 sistema geodésico do pais ou regido (MMster et
al ., 1992).

Com o advento do GPS, surgiram novas
estruturas de “datuni, denom nadas globais, com o intuito
de se determnar elipsoides para a representacdo de areas
extensas do globo terrestre ou, até nesno, de todo o
pl aneta, conp, por exenplo, o “datunf World Geodetic System
84 (WGS-84), desenvolvido pela NASA a partir de informacdes
obtidas por satélite (Cunningham et al., 1996) (Malys et
al ., 1994) (Swift, 1994) (Maguire et al. 1991).

A Tabel a 2.1 apresenta as principais

estruturas de “datunf e os dados dos respectivos elipsoides
utilizados em trabal hos de mapeanent o geodési co no nundo.
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TABELA

2.1 — PRINCI PAI S ESTRUTURAS DE “ DATUM

Dat um Sem -ei xo Maior | 1/ (Coeficiente de Est acdo de
[ Achat ament 0) [ n Ref er énci a
Austral i an 6378160, 000 289, 250000000 Johnst on
Geodetic Geodetic Station
Ar c- Cape 6378249, 145 293, 465000000 Buf f el sfontein
(Africa do Sul)
Eur opean 1950 6378388, 000 297, 000000000 Hel mertturm
I ndi an 6378206, 400 300, 801700000 Kal i anpur
North America 6378206, 400 294, 978698000 Meades Ranch
Dat um 1927
Pul kova 42 6378245, 000 298, 300000000 Pul kovo
oservatory
Tokyo 6377397, 155 299, 152813000 Tokyo
bservatory
(ol d)
Astro Chua 6378388, 000 297, 000000000 Chua
Corrego Al egre 6378388, 000 297, 000745015 Corrego al egre
South Anerica 6378160, 000 298, 250000000 Chua
Dat um 69/ 96
WGS- 84 6378137, 000 298, 257223563 -
Fonte: Jursa et al. (1985); N MA (2000).
Segundo (D Al ge, 2002), “0 “dat unt é
formal rente definido por cinco paranmetros: o raio

equatorial, o achatamento elipsoidal e os conponentes de um
vetor de translacdo entre o centro da Terra real e o do
el i pséide. Na Pratica, devido as incertezas na determ nagéo
do centro da Terra real, trabalha-se com translacdes
relativas entre diferentes datuns planinmétricos.”

Na América do Sul, a estrutura de “datunf

mai s enpregada € o SAD-69/96 que permite a nel hor adaptacéo
geodési ca para o continente (Li et al., 1993).
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2.4 — COORDENADAS CARTESI ANAS

Segundo o docunmento técnico 8350.2 da
Nati onal Inmagery and Mapping Agency (N M, 2000), as
posi cOes geodésicas podem ser representadas atraves de
coordenadas cartesianas (Xx,Yy,z), onde a origem corresponde
ao centro da Terra, os eixos X e Y pertencem ao plano do
Equador e o0 eixo Z coincide com o eixo de rotacdo do
pl aneta, confornme a Figura 2.8.

-
s

-
~

Creenwich

~~~~~

Equador

Fig. 2.8 — Sistema de coordenadas cartesianas.

De acordo com a representacao grafica, as
coordenadas cartesianas podem ser obtidas a partir das
geodési cas através das seqgui ntes equacdes:

x=(N+h)-cosg-cos A, (2.15)
y=(N+h)'cos¢~sen/1 e (2.16)
(&)
z=||—5 | N+h|-seng, (2.17)
a
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onde

N=——9% ¢ (2.18)

1—-e”-seng

- latitude geodésica,
- longitude geodési ca,
altura elipsoidal

- sem -ei X0 mai or

- sem -ei X0 menor

Z T o T > o
1

- raio de curvatura da vertical principal.

No processo i nverso, as coor denadas
geodési cas podem ser calculadas a partir das cartesianas
por (Silva et al., 1997):

tanA =2, (2.19)
X

2

tan¢:(z+ez N fen¢) e (2. 20)
X +y

h=x-secg-secA—N =y-sech-cossecA—N, (2.21)

onde a excentrici dade é dada por
a’-b’
et = = (2.22)

Segundo (Rocha, 2000), enbora estas equacdes
sejam utilizadas no posicionanento de satélites, o sistena
de coordenadas cartesianas apresentado ndo é adequado para
as medi ¢cdbes topograficas em geral, por ndo proporcionar
preci sdao nos val ores das altitudes.
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CAPI TULO 3

S| STEMAS DE PRQIECAO CARTOGRAFI CA

3.1 - | NTRODUCAO

s nmmpas sao representacdes aproximdas da
superficie terrestre, onde as infornmacbes geodésicas sao
apresent adas em duas di nensdes.

Segundo (Krogt, 1993), 0s dados sao
apr oxi mados porque nao € possivel projetar una superficie
curva sobre unma plana sem que haj am def ornacbes. Com i st o,
al guns si st emas de proj ecao preservam certas
caracteristicas emdetrinento de outras.

De uma forma genérica, o0 processo de projecéo
cartografica ocorre emtrés etapas distintas (Silva et al.
1997), Figura 3.1:

a) Adocado de umm superficie curva de referéncia (datum,
onde as posicdes geodeésicas, calculadas na superficie
terrestre, serao projetadas;

b) Estabel eci nento de uma  rel acéo matematica  para
possibilitar a projecao das informacdes sobre uma
superficie plana; e

c) Determnacdo de um sistema de coordenadas plano e

definicdo de uma escala para apresentacdo dos dados
pr oj et ados.
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Mudanga de Datum

Fig. 3.1 — Sistemas de Coordenadas Pl ano- Ret angul ar es.
Fonte: Silva et al. (1997).

3.2 — CLASSI FI CACAO DAS PRQIECCES

s sistemas de projecdo cartografica séao
classificados pelo tipo enpregado de superficie e pelas
propri edades de def or macéao gue as caracteri zam
(D Al ge, 2002) (Canpbell, 2000).

3.2.1 — CLASSI FI CACAO POR SUPERFI Cl E DE PRQIEGAO

Quanto ao tipo de superficie utilizada, as
proj ecdes cartograficas podem ser classificados cono pl anas
ou azinmutais, cbnicas e cilindricas.

3.2.1.1 — PROJEGAO PLANA QU AZI MUTAL

Na projecdao plana ou azinutal, o napa €
construido a partir da projecao das informcdes geodésicas
sobre wuma superficie plana tangente ou secante a um
det ermi nado ponto na superficie da Terra, Figura 3.2.
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/

Fig. 3.2 — Exenplo de projecao plana ou azinutal.
Fonte: D Al ge (2002).

3.2.1.2 — PRQIECAO CONI CA

Na projecdo cOnica, a superficie de projecao
utilizada corresponde a um cone, tangente ou secante, que
envolve a Terra e que, em seguida, € desenvolvido para um
pl ano, Figura 3.3.

Fig. 3.3 — Exenplo de projecao conica.
Fonte: D Al ge (2002).

Em t odas as projecdes conicas nornmais, onde o
ei xo do cone coincide com o eixo de rotacdao da Terra, oS
nmeri di anos sao retas que convergem para um ponto, Vértice
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do cone, e os paralelos sao circunferéncias concéntricas a
esse ponto.

3.2.1.3 - PRQJECAO CI Li NDRI CA

Na proj ecao cilindrica, enpr ega- se um
cilindro, tangente ou secante, para envolver o globo
terrestre e, na sequéncia, desenvolvé-lo para um plano,
Figura 3. 4.

Fig. 3.4 — Exenplo de projecédo cilindrica.
Fonte: Rocha (2000).

Nas projecbes cilindricas normais, onde o
eixo do cilindro coincide com o eixo de rotacdo da Terra,
os neridianos e os paralelos sao representados por retas
per pendi cul ares.

A Figura 3.5 apresenta unma conparacao da
representacdo de um quarto do hem sfério, wutilizando-se
di ferentes sistenas de projecao.
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zo'1o'o'30‘4d’50’sd'70’w

Fig. 3.5 — Conparacao entre diferentes sistemas de
pr oj ecao.
Fonte: D Al ge (2002).

3.2.2 — CLASSI FI CACAO PELAS PROPRI EDADES DE DEFORMACAO

Quanto as propriedades de deformacdo, as
proj ecbes cartograficas podem ser classificados conp
confornmes ou isogonais, equivalentes ou isonétricas e
equi di stantes (Tyner, 1992).

3.2.2.1 — PROIECAO CONFORMVE OU | SOGONAL

Nas projecdes conformes ou isogonais, O0sS
angul os sado nmantidos, entretanto, ocorrem distorg¢des nas
medi das de distancia e no tamanho dos obj et os,
princi pal mente nas proxi m dades das regi des pol ares.

3.2.2.2 — PROJECAO EQUI VALENTE QU | SOVETRI CA

Nas projecdes equival entes ou isongetricas, as
areas sdao conservadas sem distorc¢des, porém os angul os
sof rem def or nacoes.
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TABELA 3.1 — PRINCIPAIS SI STEMAS DE PRQIECAO CARTOGRAFI CA

Pr oj ecédo Cl assificagéo Apl i cagdes Caracteristicas
Al bers Coni ca Mapeanent os Preserva area
Equi val ente temati cos. Mapeanento |Sybstitui com
de areas com extensdo |vantagens todas as
pr edom nante | este- outras coOni cas
oeste. equi val ent es.
Bi pol ar Coni ca I ndi cada para base Preserva angul os.
bl i qua Conf or ne cartografica Usa doi s cones

confiavel dos
conti nent es
aneri canos.

obl i quos.

Clindrica
Equi di stant e

Clindrica
Eqii di stante

Mapas Mundi. Mapas em
escal a pequena.
Tr abal hos

conput aci onai s.

Altera area e
angul os.

Gauss- Kr tger

Cilindrica
Conf or me

Cartas topograficas
anti gas.

Altera area, porém
as distorg¢des nao
ul t rapassam 0, 5%

Preserva os éangul os.

Estereogra- |Azi nutal Mapeanent o das Preserva angul os.
fica Pol ar Conf or ne regi 6es pol ares. Tem di st or cdes de
Mapeanent o da Lua, escal a.
Marte e Mercdrio.
Lanbert Coni ca Mapas tenati cos. Preserva angul os.
Conf or e Mapas pol iticos
Cartas mlitares.
Cartas aeronauticas.
Lanbert Coni ca Cartas ao Preserva angul os.
MI1lion Conf or ne m | i onési no.
Mer cat or Clindrica Cartas nauticas. Preserva angul os.
Conf or me Mapas geol 6gi cos
Mapas nmagnéti cos
Mapas Mundi .
MIIer Clindrica Mapas Mundi . Altera area e
Mapas em escal as angul os.
pequenas.

Pol i coni ca

Cbni ca

Mapeanento tenati co
em escal as pequenas.

Altera area e
angul os.

Uni ver sa
Transver se

Clindrica
Conf or me

Mapeanent o basico em
escal as nmédi as e

Preserva angul os.
Al tera areas, porém

of Mercator gr andes. as di storgdes nao
- UM Cartas topogréaficas. |ultrapassam 0, 5%
Fonte: D Alge (2002); Tyner (1992).
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3.2.2.3 - PRQAUECAO EQUI DI STANTE

As pr oj ecoes equi di st ant es conservam a
proporcado entre as distancias, em determ nadas direcbes, na
superficie que esta sendo representada. Essa caracteristica
se aplica apenas a partes da area nmpeada.

A Tabela 3.1 apresenta uma conparacao entre
0oS principais sistenas de projecdo cartografica e suas

respecti vas aplicacoes.

3.3 — PRQIECAO UNI VERSAL TRANSVERSE OF MERCATOR

O sistena de projecdo Universal Transverse of
Mercator — UTM foi idealizado inicialnmente em 1569 pelo
hol andés GCerhard Krenmer, traduzido para o latim cono
Gerardus Mercator (Crane, 2002) (Achten, 1995).

A pr oj ecao, segundo (NIMA, 1984), fo
utilizada pela prineira vez, em larga escala, pelo
Instituto de Cartografia do Exército Americano, durante a
Segunda Guerra Mundi al .

Desde entdo, a UTM tem sido considerada cono
um dos nmai s inportantes sistenas de projecao (Kraner, 1980)
e aplicada intensamente na Cartografia e em sistenas
comput aci onai s gue necessi tam repr esent ar ar eas
geogr afi cas.

As principais caracteristicas da projecao UTM
sdo as seqguintes (Rocha, 2000) (Silva et al., 1997) (Li et
al ., 1993) (Maguire et al., 1991):

- Projecado cilindrica conforne, ou seja, mantém a forna em
detri mento das di nensdes;

49



Representacdo de infornmagcbes geodésicas entre oS
paral el os 80°'N e 80°S;

Capaci dade de representacédo cartografica para fusos de 6
graus de | ongitude, Figura 3.6;

Latitude da origem O0°, Equador;

Longitude da origem longitude do neridiano central do
fuso;

Fal so Norte: 10.000.000 m

Fal so Leste: 500.000 m

72" 66’ 60" 54 458’ 2 36
Wﬂ_
- : ::;? 4%
o Egaq*':2 (“J%‘J“J‘r
RSN ERN
r-"'j v‘l_ I' >~ "‘ﬂ
[ gfli _,J L. “‘1‘9—
T AT N
1\[; fo | 20 21 | 22 ,2]3“‘#22/ =1
16 '1) (;Jﬂ_uf /gj‘__
t T \.- ""'y T 2w
, v
2 | ""?
{ 28"
3

N

4 48 42" 36 30"

¥4}

78" 72" 66" 60°

Fig. 3.6 — Brasil dividido emfusos de 6 graus.
Fonte: Rocha (2000).
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Gs neridianos e os paralelos interceptamse em angul os
retos na projecéo;
A linha do Equador e a do neridiano central de cada fuso

sdao representadas por |linhas retas na projecdo. Os
demai s neridianos correspondem a |linhas cbéncavas em
relacdo ao neridiano central e os paralelos a |inhas

cbncavas emrel acdo ao polo mais proxino, Figura 3.7; e

Equador

Fig. 3.7 — Representacdo de um fuso UTM
Fonte: Rocha (2000).

O espacanento entre os neridianos aunenta a nedida em
que se afastam do neridiano central. Neste caso, para
manter a proporcionalidade da projecdo confornme, a
escala na direcdo norte-sul é distorcida, acarretando na
exi sténcia de diferentes escalas dentro do nesno fuso.

Mesno sendo considerada conmo um dos nel hores

sistemas de projecdo para o mapeanento de nedi as e grandes
escal as, a projecdo UTM apresenta algunmas |imtacdes para a
representacao do gl obo terrestre:

Mant ém preci sdo dos angul os, mas possui inpreci sbes nas
nmedi cbes de areas e distancias;

Enprega diferentes escalas dentro do nmesno fuso de
r epr esent acao;
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- Nao proporciona continuidade de representacdo entre
di ferentes fusos; e

- Os erros aunmentam na nedida em que os dados se afastam
do neridiano central e da latitude de origem

3.4 — PRQIECAO CONI CA CONFORME DE LANMBERT

Segundo (Laurent, 1987) (Steck, 1970), a
Proj ecdo Conica de Lanbert teve conp origem os estudos do
mat emati co e astronono Johann Heinrich Lanbert em 1774.

Devido as propriedades apresentadas, esta
projecdo € nmuito utilizada em regi des de maior extensao
| este-oeste (Douglas et al. 1973), conp no caso dos Estados
Uni dos e Canada.

Este sistema de projecao foi utilizado
i nicialmente em 1962 na construcdo de cartas internacionais
do mundo ao mlionésino (CIM, na escala de 1:1.000.000, e
tem sido enpregado na preparacdo de cartas aeronauticas em
di versos paises e por varias instituicdes, principalnente
pel a Organi zacdo de Aviacdo Civil Internacional - | CAO

As principais caracteristicas da Projecéo
Coni ca Conforne de Lanbert sdo as seguintes (Rocha, 2000)
(Canpbel I, 2000) (Tyner, 1992):

- Projecao confornme, ou seja, mantém a forma em detri nmento
das dinmensbes, entretanto, esta propriedade torna-se
invalida para altas |atitudes;

- Baseada num cone secante ao globo terrestre, produz dois
par al el os padrdes, que possibilitam a projecdo de unm
area nmmi or com bai xa def or macao;

- Os neridianos sédo |linhas retas que convergem em um Uni co
ponto externo aos limtes da projecao, Figura 3.8;
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K - Fator de Escala

Fig. 3.8 — Projecao Coni ca Conforne de Lanbert.
Fonte: Rocha (2000).

OCs paralelos sdo circulos concéntricos, com centro no
ponto de intersecao dos neridianos, sendo ortogonal a
estes; e
Enprega escalas reduzidas nos paralelos proxinos do
ponto de intersecdo dos mneridianos e anpliadas no outro
ext reno.

Enbora seja considera conmb um excelente

sistema de projecdo para areas extensas, a Projecdo Cinica
Confornme de Lanbert apresenta algumas |imtacOes para a
representacao do gl obo terrestre:

Mant ém preci sdo dos angul os, nas possui inprecisdes nas
nmedi ¢cdes de areas e distanci as;

Enprega diferentes escalas dentro da nmesna area de
repr esent acao;

Nao proporciona continuidade de representacdo entre o0s
hem sférios e entre projecdes conicas distintas; e

Gs erros aunmentam na nedi da em que os dados se afastam
da parte central da representacdo, onde a escala €
consi derada real.
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3.5 — LI M TACOES GERAI S NAS PRQIECCES

Cs si st enas de proj ecao cartografica
exi stentes proporcionam técnicas nmatenaticas para a
determ nacdo de azinutes e distancias entre duas posicdes
geodésicas e, |logicanmente, para a solucdo de problenas
i nversos rel aci onados.

Dependendo das caracteristicas da projecéo
enpregada, existirao distorcbes nos val ores cal cul ados para
O azimute ou para a distancia, de forma exclusiva. Neste
caso, ao se tentar manter os val ores dos angul os, perde-se
nas determ nacbes de distancia, e vice-versa.

Gs cal cul os de azinmute podem ser considerados
preci sos em varios sistemas de projecdao, entretanto, as
técnicas matemati cas apresentadas para a determ nacdo de
distancia resultam em erros percentuais iguais ou
superiores a 0,5% cono acontece, por exenplo, na Projecéao
UM (Silva et al. 1997).

Para éareas extensas, os calcul os de distancia
entre duas posicbes sobre o globo terrestre séao
consi derados conpb aproxi macbes inprecisas dos valores
reais.

Devi do a transfornmacéo das i nf or magdes
geodésicas para um plano em duas dinensdes, o0s atuais
si stemas de projecdo ndo proporci onam continui dade entre os
dados projetados de regides distintas. Um exenplo cl assico
pode ser encontrado nas projecdes UTM sobre dois fusos
adj acent es.

54



Com relacdo a literatura, cabe ressaltar que
ndo exi stemnuitas referéncias bibliograficas disponiveis e
atual i zadas sobre o0s assuntos abordados nesta revisao
devido ao fato de que nao foram apresentadas, nas ualtimas
décadas, novas pr opost as cientificas rel aci onadas
diretanente com o cerne deste trabal ho.

Desta forma, tendo em vista a crescente
necessi dade de se ter um sistema de projecdo que viabilize
a representacdo do globo terrestre de forma continua e,
ainda, garantir precisbes de azinmute e distancia entre
pont os quai squer do planeta, este trabalho busca propor
t écni cas mat emat i cas que sol uci onem os probl emas
encont rados nas projecdes cartograficas existentes.

Tais técnicas deverdo ser passiveis de
i npl enentacdo em produtos conputacionais de tenpo real,
onde, certamente, possibilitardo um grande ganho em ternos
de precisao e confiabilidade das infornacdes.
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CAPI TULO 4

S| STEMA DE PRQIECAO GPR
“ GLOBAL PRQIECTI ON OF RANGEL”

4.1 - | NTRODUCAO

A contribuicdo deste trabalho esta centrada
na proposicdo de um conjunto de equacdes natenaticas,
correl acionadas conpb Sistema de Projecdo GPR - “d oba
Projection of Rangel”, para a representacdo do gl obo
terrestre sobre um elipsé6ide, através do tratamento de
posi cOes geodésicas, georreferéncia e determ nacdo de
di stanci as e angul os, com preci sdo variavel e continui dade
das i nfornmacOes em todas as partes do geoi de.

As teéecnicas utilizadas para a idealizacéo
desse novo sistema de projecao foram baseadas em conceitos
de Al gebra Linear, Conputacdo Grafica e Cal cul o Nungérico.

A  projecao GPR adota um sistema de
coordenadas adequado ao desenvolvinmento de aplicacdes
comput aci onais gréaficas, conforne pode ser observado na
Figura 4.1.

v

Fig. 4.1 — Sistema de coordenadas.
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4.2 — ELI PSQO DE DE REPRESENTACAO

Simlarnente a outros sistemas de projecéao
cartografica, nesta proposta, uma posicdo geografica €
tratada conb um ponto no espaco conposto por latitude ¢
[radi anos], longitude A [radianos] e altitude h [nmetros].

Estas informacbes geodésicas (¢,A,h) séo
proj etadas emtrés dinensées (x,y,z) [metros, netros, netros]
sobre um Elipséide de Referéncia centrado no ponto
P(0,0,0), com sem-eixo nmmior a, NOS eixos X e z, e

sem -ei xo nenor b, no eixo y, Figura 4.2.

h?

Fig. 4.2 — Eli pséi de de Representacao.

Na figura geonetrica, de acordo com o sistema
de coordenadas adotado, a |linha do Equador € representada
pela intersecdo entre o elipséide e o plano horizontal que
contém os pontos P(x,0,z), o Pélo Norte por P(O,-b,0), o
P6lo Sul por PJ(O,b,0) e a posicao geografica (¢=0.0,
A=0.0, h=0), que corresponde ao cruzanmento da I|inha do
Equador com o Meridiano de Geenwich, por P(0,0-a),
Figura 4. 3.

58



Py (-ay,0,0)

Fig. 4.3 — Pontos de Referéncia.

4.3 — TRANSFORMACAO DE POSI CAO (b, A, h) EM PONTO (X, Y, Z)

Tendo em vista que todas os calculos do
sistema de projecdo GPR sédo feitos enpregando-se equacdes
consi deradas quadréaticas, o prineiro problema a ser
resolvido é a transfornacdo de uma posicdo geografica
(¢, A, h) emponto (x,y,z), de acordo com o sistema de eixos
adot ado.

Fig. 4.4 — Transformacdo de (¢, A, h) em(x,y,z).
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Assim a partir de uma posicado (¢,A,h), Figura
4.4, temse que

y,=—N, -seng, (4.1)

onde o ponto P(x_,VYy,z) corresponde a posicao (¢, A, h) em
guest &o e

a,
N, =g, — (4.2)
J1—e, -sen” ¢
Para o calculo de x. e z., € necessario

S S

identificar a secdo formada entre o elipséide e um plano
paralelo a x0z, com distancia y, do plano equatorial,
Figura 4.5.

Fig. 4.5 — Seccionanento entre o elipséide e o plano
paral el o a x0z, comdistancia y_, do
pl ano equatori al .

O raio r. do circulo f or mado pel o
secci onanento € obtido por:

r,=N,-cosg. (4.3)
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A partir do circulo f or mado pel o
secci onanento, de acordo com a visdo superior apresentada
na Figura 4.6, temse que

P(xs, Ve zs)z{rh-cosﬂ, Ve rh-sen/l}, (4.4)

N

onde | ongitude A=0 inplica emx=r, e z=0.

Fig. 4.6 — Visao superior do seccionanmento entre o
elipsoide e o plano paralelo a x0z, com
di stancia y, do pl ano equatorial .

Conrbo o ponto de referéncia P/(O0,0,-a,)
encontra-se defasado em 270 graus em relacdo ao sistem
bi di mensi onal da Figura 4.6, os valores de x, e z, podem ser
obti dos por

X, =7, -cos(/1+377zj e (4.5)

zs=rh-sen(i+37ﬂj. (4.6)
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4.4 — TRANSFORMACAO DE PONTO (X,Y,Z) EM POSI CAO (&, A, h)

Simlarnente ao processo direto anterior, a
transformagcdo de um ponto P/(X,. Y., z) em posicdo geografica
(¢, A, h) pode ser obtida através da determ nacdo da secéao
formada entre o elipsdide e um plano paralelo a x0z, com
di st anci a perpendi cul ar y_ da origemP,.

Assim temse que o raio r, do circulo obtido
com o secci onanento é dado por

ro=AX2 ¥z, (4.7)

onde
X, =71, -CosAi, (4.8)

z, =71, -send, (4.9)
e, consequent enment e,

A= arcsen[i] : (4.10)

,

Entretanto, comp o ponto P, encontra-se 270
graus defasados em relacdo ao sistena bidinmensional da
Fi gura 4.6, adotado tanbém no processo inverso, e
necessari o efetuar correcdes na longitude A de acordo com
os valores de x_ e z, de tal forma que

'

l:arcsen(z—sj+%, caso x>0 e z_>0; (4.11)

/1=%—arcsen[ij, caso x>0 e z.<O0; (4.12)

T
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ﬂ:—iarcsen(z—sj+%} caso x<0 e z>0; e (4.13)

7

4

lzarcsen[ij—%, caso x.<0 e z.<0. (4.14)

T,

Quando o raio r, do circulo formado pelo
seccionanento é igual a zero, ocorre uma excec¢do indi cando
que o ponto P/(X,Y. z,) corresponde a uma posic¢do no POlo
Norte, caso y<0, ou no Polo Sul, caso y2>0:

-

A=0 , caso r =0 e y_<O0; (4.15)
h=-y,—b,

A=0 , caso r =0 e y_>0; (4.16)
h=y,=b,

Para o célculo da latitude verdadeira, nédo é
possivel enpregar as equagBes do processo direto pois
exi stem duas vari avei s ainda ndo determ nadas: latitude ¢ e
altitude h.

Desta forma, inicialnmente, serd definida uma
vari avel auxiliar ¢ conp latitude falsa para representar o
angul o formado entre a reta determ nada pelos os pontos P,
e P, e o plano x0z, Figura 4.7. A latitude falsa ¢ €& dada
por

¢, = arctan(—&j . (4.17)

F
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Fig. 4.7 — Latitude fal sa ¢,.

Para o calculo da altitude h, ¢é preciso
efetuar uma convergéncia para a obtencdo de seu valor
aproxi mado. Inicialnmente, temse que a distancia rv_, entre
0os pontos P, e P, € dada por

v =Nyitn (4.18)

Fig. 4.8 — Pontos P, e P.
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De acordo com a Figura 4.8, define-se um novo
ponto P conb sendo o fornmado pela intersegcdo entre a reta
det er mi nada pel os pontos P, e P, e 0 elipsoide de referéncia
com sem -ei xos a, e b,.

Assim a partir da equacao 2.11, a distancia
rv, entre os pontos P. e P, & obtida por

atz 'btz
W, =12 2 2 2, (4.19)
a; -sen” ¢, +b; -cos” ¢,
e a distancia d_ entre os pontos P, e P. por
d, =rv.—rv., (4.20)

cujo valor seré considerado cono a prineira aproximcado da
altitude h, onde

h=d_. (4.21)

rs

Com a prineira aproxi magcao, pode-se definir
um novo el i pséi de com seni - ei xo0s

a,=a,+hn, (4.22)
b,=b+h" (4.23)

Na segunda aproxinmacdo, € preciso identificar
um novo ponto P., obtido a partir da intersecdo entre a
reta determinada pelos pontos P, e P, e o elipséide com
sem -ei xos a, e b,, Figura 4.9.
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Fig. 4.9 — Pontos Ps e Ps’.

A distancia rv, entre os pontos P. e P, & dada
por

a, b,
We =12 2 - h; 2 (4.24)
‘ ay-sen” ¢, +b, -cos” @,

e a distéancia d_ entre os pontos P. e P por
d.=r,—rv,. (4. 25)

Através de regra de trés sinples, €& possive
determi nar o val or da segunda aproxi macdo h”, onde

w_( 1,
h _( y ] (4. 26)

rs'

Um terceira aproxinmcdo € necessaria para
garantir precisdes de mlinmetros nos valores da altitude.
Assim deve-se definir umnovo elipso6i de com sem -ei X0s
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a,=a,+h",

(4.27)

b, =b,+h". (4.28)

Anal oganent e a segunda apr oxi macao,
identifica-se um novo ponto P., a partir da intersecao

entre a reta determ nada pelos pontos P, e P, e o elipsoide
com sem -ei xos a, e b,., Figura 4.10.

Fig. 4.10 — Pontos Ps e Ps”.

A distancia rv, entre os pontos P. e P, é dada
por

a, b
We =172 2 : hz 2 (4.29)
aj.-sen” @, +b,.-cos” @,
e a distéancia d_ entre os pontos P. e P por

d.=rv.—r,. (4. 30)
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Novanente, «com regra de trés sinples, &
possivel determ nar o val or convergente da altitude h, onde

h".dl’s
() o5

rs"

Para a conclusdao da transformagcdo do ponto
P(X., VY. Z) em posicdo geografica (¢, h), ainda ¢é
necessari o identificar alguma rel acdo basica entre | atitude
verdadeira ¢ e latitude falsa ¢, que pode ser obtida a
partir das equacgbes 2.3, 2.4, 2.5, 4.1, 4.3 e 4.17:

— N -seng=-r, -tang,, (4.32)
N, -seng=N, -cosg-tang, (4.33)
g, N, -seng=N, -cosg-tang,, (4. 34)
g, tang=tang, . (4. 35)

Assim a latitude verdadeira ¢ € cal cul ada por

¢ = arctan(—L] : (4. 36)

Ty &
e a latitude falsa ¢, por

¢, = arctan(g, -tang). (4.37)

Fi nal nent e, cabe ressaltar gue, enbor a
existam outras fornmas nmatematicas para se efetuar a
convergéncia no calculo da altitude, estas equacdes foram
enpr egadas por apresentarem um nmenor custo conputaci onal .
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4.5 — CALCULO DA PRI MEIRA | NTERSECAO ENTRE UMA RETA E O
ELI PSO DE DE REFERENCI A

Por estar o nmtodo baseado em funcgdes
quadr aticas, € inprescindivel identificar equacbes para a
determi nacdo da prineira intersecdo entre uma reta formda
por dois pontos P/(Xx,, VY, z,) e PJ(X,YVY, z,), correspondentes as
posi cdes geograficas (¢, A, h) e (d,,A,h), e um elipsoide
de referéncia comsem -eixos a, e b,, Figura 4.11.

Fig. 4.11 — Intersecdo de uma reta qual quer como
el i psoi de.

Inicialnmente, temse que a equacdo da reta
entre os pontos P, e P, pode ser escrita por

A YA _2TA (4.38)

Xo =X Vo=V 2,72

No caso de z, ter valor diferente de z, ¢
possi vel estabel ecer equacdes de y em funcdo de z, de forma
que
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_(yz_yl)'(z_zl)

y= + (4.39)
(22_21)
onde, definindo-se a variavel auxiliar t ,
y=z-t,.—zt_+y € (4. 40)
0, =220 (4.41)

yz
Z, — 4

Com o auxilio de outra variavel auxiliar t ',

temse que

y=z-, ~-t_, onde (4.42)

yz

t' :Zl-tyz_yl' (4 43)

Anal oganent e, pode-se escrever equacfes de X
em funcdo de z, com

x=z-, 1, (4. 44)

Xz

onde, as variaveist et séo obtidas por

Xz

PR Bk PN (4. 45)

274
U=zt —X. (4. 46)

Por outro lado, o elipsé6ide de referéncia,
com sem-eixos a, e b, pode ser descrito na formm
quadr ati ca pel as segui ntes equacgdes:

2 2 2
X i1 (4.47)
i byoa,
2 2
Py T L B Ay (4. 48)
bh
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Com o auxilio das vari aveis auxiliares s e t,
tem se que

z’=s-x"—t-y*, onde (4. 49)
s=a? e (4. 50)
2
a,
t = 4.51
b ( )

A partir das equacbOes 4.42 e 4.44, obtémse
as segui ntes equacgoes:

zzzs—(Z¢H—¢LY—t(z¢W—¢; , (4.52)
P=s—z L 42zt~ —2 t et 42280 1) —t-1)] €  (4.53)
ﬁ+:i+t¢;)zz+(—2¢ﬂ-QZ—24-521;)Z+QZ+4-g§—s}:0. (4. 54)

Consi derando as variaveis auxiliares A B e
C, cujos valores sao obtidos por

2 2
A=1+1_+t-1, (4.55)
B==2-t_-t_-2-tt -t € (4. 56)
C=t2+t-1}—s, (4.57)

temse unma equacdo do segundo grau, onde as duas possiveis
sol u¢cdes sao dadas por

:—B+\/Bz—4-A-C

4.58

Z, W ( )
—~B-+B*-4-4-C

z, = S . (4.59)
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Caso B<4AC ou A=0, a reta definida pelos
pontos P, e P, ndo intercepta o elipsoide de referéncia. Por
outro lado, a partir das equacdes 4.42 e 4. 44,

Ve =2,°t,.—t,, (4.60)
yh:zb-tyz—t;z, (4.61)
x,=z,-t_—t_ e (4.62)
X, =2z,t. —t_. (4.63)

Com estas equacbes, sao calculados dois
pontos, P, e P,, que correspondem as intersegfes da reta
definida por P, e P, e 0 elipsoéide de referéncia

Por padronizacdo, a prineira intersecdo sera
identificada conb o ponto mais proxino de P, Assim
enpregando-se os nodul os dos vetores formados entre os
pontos P, e P, e entre P, e P, temse que

d,=(e, =%V + (v, -0 ) +(z, -2 (4. 64)

db:\/(xb_xl)2+(yb_yl)2+(zb_zl)2 , (4.65)

onde, finalnmente, o ponto correspondente a prineira
i ntersecdo sera P, caso d, seja nenor do que d, ou P, no
caso contrario.

Quando z, e z, possuem o nmesnp val or, ainda é
possivel estabelecer equacbes de y e z em funcdo de X,
desde que x, e x, tenham val ores diferentes. Assim a partir
de

_ (yz _yl)'(x_xl)

y= (x —x) + ¥, (4. 66)
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tem se que, anal oganente ao desenvol vi nento anteri or,

y=x-t,-t, € (4.67)
z=x-t —t_, onde (4.68)
AP
t, =——+, (4.69)
X =X
t;x:xl.tyx_yl’ (4 70)
(=275 @ (4.71)
Xy =X
to=x+t —z. (4.72)
Por outro |ado, enpregando-se a equacao 4.47
para representar o elipso6ide de referéncia, com seni -eiXxos
a, e b, as variaveis auxiliares s e t das equacdes 4.62 e
4.51 e, ainda, as equacOes 4.67 e 4.68, pode-se escrever:
2 2
xzza,f—%—zz, (4.73)
bh
xzzs—t-yz—zz, (4.74)
2 r\2 r 2
X :s—(x¢m—¢n)-—r(x¢ﬂ—¢ﬂ) e (4. 75)
@+:§+t¢;)x2+(—2¢H~gx—2-rgw¢Q)x+{¢j+t¢$—s)=0. (4.76)

(4.77)

Novanente, obteve-se uma equacdo do segundo
grau, onde as duas possiveis solu¢gbBes sdo dadas por
N _—B++B’-4-4-C
¢ 2-4
—B-\B*-4-4-C
X, = , onde
2-4
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A=1+22 +1-,, (4.79)
B=-2-1 -t —2:-tt, t, € (4.80)
C=t}+1-1)—s. (4.81)

Quando B°<4AC ou A=0, a reta definida pelos

pontos P, e P, ndo intercepta o elipsoide de referéncia. Por
outro lado, a partir das equacdes 4.67 e 4. 68,

v, :xa-tyx—t;x, (4.82)
Yy =Xyt~ 1t (4. 83)
z,=x,1,—t, e (4.84)
z,=x,t —t . (4.85)

Novament e, a prineira i nt ersecao sera

i dentificada conb o ponto mais proxino de P,

Fig. 4.12 — Intersecdo de uma reta perpendi cul ar ao pl ano
x0z com o elipsdéide.
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Quando z,=z, e x,=x,, a reta definida pelos
pontos P, e P, corresponde a uma perpendi cul ar ao plano x0z
conforme a Figura 4.12. Neste caso, a partir da equacao
4.49 e das variaveis auxiliares s e t das equacdes 4.50 e
4.51, temse que

t-y’=s—-x'-z> e (4. 86)

_ 2_ 2
yoi ST 2T - (4.87)

Assim os pontos P, e P, que correspondem as
intersecdes da reta perpendicular com o elipsoide de
referéncia, sdo dados por

22
R (4.88)

s—x; —z;
- (4.89)
X, =X,=Xx, € (4.90)
z,=2z,=2z. (4.91)

w22
Quando [i—f?—f—j<0, a reta perpendi cul ar nao

intercepta o elipsoéide.

4.6 — CALCULO DO AZI MUTE VERDADEI RO ENTRE DUAS POsI CEES
GEOGRAFI CAS

No Sistema de Projecdo CGPR, o céalculo do
azimute, problema considerado inverso na literatura, esta
baseado em conceitos de Algebra Linear de forma a
propor ci onar equacdes para a identificacao do azinmute entre
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duas posicbes geograficas, tendo o norte verdadeiro conop
referéncia.

Assi m consi der ando o] pont o i nici al
P(x,y,z,) e o final P,(Xx,VY,2z,), correspondentes as
posi cbes geograficas (¢,A,h) e (¢, A,h), e, ainda, os
pontos P(O0,-b,,0) e P(0,b,, 0) conpb representagdes dos pol os
Norte e Sul no elipséide de referéncia com sem -ei xos a, e
b, temse que o azinute verdadeiro o pode ser obtido como
uso de pl anos e vetores.

h?

A idéia basica esta centrada na identificacéo
de dois planos, Pl,ePl,, o prineiro para representar o que
contém os pontos P(O,-b,0), P/(x,VY,,z,) e PJ(0,b,0) e o
segundo para os pontos P,(X,VY, z,), PJ(X,Y,z,) e a origem
P(0,0,0). O azinute verdadeiro sera obtido a partir do
val or do angul o fornado por estes planos, Figura 4.13.

Pr(0,-by,0)

-
7
o7 @
-

7

Ps(0,b,0)
v

Fig. 4.13 — Planos Pl, e Pl

2"

Inicialmente, para o calculo do valor do
azimute o, € preciso identificar os vetores normai s aos
planos Pl e Pl,. Conp a determ nagdo do vetor normal a um
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pl ano pode ser feita através do produto vetorial entre dois
vetores contidos neste plano, serédo definidos dois vetores
para cada um dos planos Pl, e Pl ,.

Para o plano Pl, serdo considerados o0s
vetores v, e v,, sendo o prineiro formado pel os pontos P, e
P.e o outro por P, e P, onde

—

Il
—_
=

(x, v, z) ~b,, 0} e (4.92)

—

vb(x, ¥V, Z)I{xl, Vis Zl}. (4.93)

Desta forma, o vetor v, ,, normal ao plano Pl

V=V, XV, (4.94)
i j ok

v,=|0 —=b, 0], (4.95)
X N 2
-b, 0 [0 O|. |0 -b|-

va=| i+ j+ "k, (4. 96)
Yo7 X XN

v,=(=b, -z )i +(b,-x )k e (4.97)

‘_}nl(‘x’ ) Z):{_bh'zlv 0, bh'xl}- (4.98)

Para o plano Pl, serdo considerados os
vetores v, e v,, sendo o prineiro formado pelos pontos P, e
P, e o outro por P, e P, onde

C(x, ¥V, Z)Z{xl, Vis zl} e (4.99)

vd(x, v, z):{xz, Vs 22}. (4.100)
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Assim o vetor v,, normal ao plano Pl , é dado

por
Vo=V, XV, (4.101)
Z, = zZ X, |- X —
TP A ] A e (4.102)
Y2 % Z, X Xy W)

an(x’ s Z):{yl'zz_yz'zla Zyt Xy T Zy Xy, x1'y2_x2'y1}' (4.103)

O angulo formado pelos vetores e v,

nl

corresponde ao angulo 6 formado pelos planos Pl, e Pl , cujo
valor pode ser obtido por coseno de vetores com as
segui ntes equacoes:

cosﬁzf’“# e (4.104)

vn2

v

nl

(_bhzl)‘(ylzz _J’2zl)+(bhx1)'(x1yz _x2J’1) , (4. 105)
\/(_bhzl )2 +(bhxl )2 \/(yIZZ —V2Z )2 +(le2 X )2 +('x1y2 —Xo )2

6 = arccos

onde 0O assune valores entre 0 e m.

\% YV,

nl

Quando =0, o] angul o 0 fica
i ndet ermi nado. Neste caso, por padronizacdo, assume 0sS
segui ntes val ores:

0=0, caso (x,-y,-x,-y)<0, ou (4.106)

0

7, caso (x,-y,—x,-y)>0. (4.107)

Conrb o0 azinute verdadeiro deve assumr
valores entre 0 e 2n, é preciso tratar o valor do angulo 6
para a correta determnagdo de o. Assim finalnmente, o
azi mute verdadeiro sera dado por

a=6, caso (z-x,-z,-x)<0, ou (4.108)
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a=27-6, caso (z,-x,—2z,-x,)>0. (4.109)

4.7 — CALCULO DA DI STANCI A ENTRE DUAS PCsSI COES GEOQGRAFI CAS

De uma fornma mais conplexa, a distancia entre
duas posi ¢cOes geogr afi cas pode ser det er m nada
enpr egando- se equacdes quadraticas sobre o elipsoéide de
referéncia comsem -ei xos a, e b,.

Este probl eng, também consi derado cono
inverso na literatura, é solucionado com o uso de unma nova
técnica de aproximcdes sucessivas sobre uma elipse de
representacdo em duas di mensdes, que possibilita a obtencéo
do valor correspondente a real integral do tracado entre
duas posi ¢cbes sobre a superficie do elipsaide.

Desta forma, considerando o ponto inicial
P(x,y,z,) e o final P,(x,VY,2z,), correspondentes as
posi cdes geograficas (¢,A,h) e (¢,%,h), o céalculo da
di stancia entre estas posicdes geodésicas €& efetuado em
trés etapas distintas:

a) Determnacdo da elipse em trés dinmensbes que passa
pel os pontos P, e P,

b) Projecdo dos pontos P, e P, sobre uma elipse de
representacdo em duas di nensdes; e

c) Calculo da distancia por aproximgcdes sucessivas.

79



4.7.1 — DETERM NAGAO DA ELI PSE EM TRES DI MENSCES

A solucdo do problema esta baseado na
identificacdo de uma elipse em trés dinmensdes que passa
pelos pontos P, e P,, de forma a reduzir os calculos do
processo de aproxi magcdes sucessivas.

Esta elipse corresponde ao resultado da
intersecdo entre a superficie do elipsoide de referéncia e
o plano Pl_, que contém os pontos P P, e a origem
P(0,0,0), conforne a Figura 4.14.

17

Fig. 4.14 — Secdo fornada entre o plano Pl _ e o elipsaide.

Nest a figura, 0s pont os PO, -Db,, 0) e
P,(0,b,0) representam respectivanente, os polos Norte e
Sul emrelagdo ao ponto de referéncia P(0,0,-a,).

A identificacdo da elipse é obtida através da
determ nacdo de sem-eixos a, e b, cujos valores sonente
podem ser defini dos apds a determ nacdo do coseno do angul o
formado entre os planos Pl e x0z.
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4.7.1.1 - CALCULO DO COSENO DO ANGULO 6 ENTRE OGS PLANCS PI
E x0z

O coseno do angulo 6, Figura 4.15, fornado
entre os planos Pl e x0z, €& calculado novanente atraveées
de coseno de vetores entre os vetores normai s aos pl anos.

P.(0,0,0)

P5(0,by,0)

Fig. 4.15 — Angulo 0 entre os planos Pl e x0z.

Assi m por ortogonalidade dos eixos, e
preciso utilizar o vetor v , para representar o vetor
normal ao plano x0z, sendo definido por

—

Voo (x, ¥, 2)=10, b,, 0}. (4.110)

Para o plano PlI, simlarmente as equagdes
4.99, 4.100, 4.101 e 4.102, o vetor nornmal v, é dado por

—

Vne(x’ Vs Z):{yl'zz_yz'zla Zyt Xy T2yt Xy, xl'yz_xz'yl}- (4.111)

O coseno do angulo 6 equivale ao coseno do
angul o formado pelos vetores v _, e v

ne !

cujo valor é obtido
com as segui ntes equacgdes:
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— —

cos@ = —moz Vue (4.112)
1%

nx0z

(b,)-(z-x, -2, %) e (4. 113)

cosd = - - - =
\/(bh) \/(yl'zz_yz'zl) +(z,-x2—z2-x]) +(x1'y2_x2'J’1)

cosd = (% -2x) , (4.114)
\/(yl "Zy =) '21)2 +(Zl "Xy T I, 'xl)z +(x1 VT X, 'yl)z

onde 06 assune valores entre 0 e m.

4.7.1.2 — DETERM NACAO DOS SEM - EI XOS DA ELI PSE

ApOs a identificacdo do coseno do angulo 6, é
preci so definir os valores dos sem -eixos a,Z e b, da elipse
resultante da interse¢cdo do plano Pl com a superficie do
el i ps6éi de de representacao.

Por geonetria, independente de 6, o sem -eixo
mai or a_ da elipse emtrés dinensbes € dado por

4 —a, (4. 115)

e 0 sem-eixo nmenor b, dependente do valor de 6, assune

S

valores entre a, e b, e é obtido por

2 2
N S S S— (4.116)
‘ a, -sen”@+b, -cos” 0

Quando os pontos P, e P, sdo dianetral nente
opostos no elipsoide de referéncia, ou seja, x,=-X,, Yy,=-Yy, €
z,=-z,, oOcorre uma excecgdo, pois ndo é possivel determ nar o
vetor v, e nem consequentenente, o coseno do angul o 6.

Neste caso, o valor do sem -eixo nmenor é dado
por
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b, :1/x12+y12+212 (4.117)

e a distancia entre as duas posic¢cdes geograficas pode ser
obtida a partir do perinetro da elipse, de fornma que

2 2
d=r. /% (4.118)

4.7.2 — PROIECAO DOS PONTOS SOBRE A ELI PSE DE REPRESENTACAO
EM DUAS DI MNENSCES

Tendo identificada a elipse em trés dinensdes
que passa pelas posicdes geograficas inicial e final, €
viavel vislunbrar uma elipse de representacdo que possa
expressar informacdes em duas dinmensfes equivalentes as
posi ¢cdes geograficas do elipso6i de de representacao.

Fig. 4.16 — Elipse de representacdo em duas di nensdes.
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Nesta fase, a idéia basica € projetar os
pontos P, e P,, que possuem coordenadas em trés di nensoes,
sobre unma elipse de representacdo em duas dinensdes,
gerando dois pontos, P, e P, equivalentes em duas
di mensdes. A Figura 4.16 apresenta a elipse de
representacdo em duas dinensbes e o0 sistenma de eixos
adot ado.

4.7.2.1 — | DENTI FI CACAO DO PONTO DE REFERENCI A P

Para a projegcdao dos pontos P, e P, ha
necessi dade de se definir um ponto de referéncia que
possibilite a transformacdo dos valores das coordenadas.
Assim por padronizagdo, o ponto P(Xx,y,,z), resultante da
intersecdo entre a superficie do elipsoide de referéncia e
os planos Pl_ e x0z, sera utilizado cono balizanento nos
cal cul os da projecao, Figura 4.17.

Fig. 4.17 — Ponto P, sobre o elipsoide de referéncia.

Inicialnente, para a identificagcdo de P, €
preci so enpregar o produto de vetores entre os vetores v,k
e v normais aos planos Pl e x0z, cujo resultado

nx0z ?
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permtira representar una reta, contida no plano x0z, que
passa pela origemP,. O vetor v, resultante é obtido por
vnh - vnsz Xvnc ' ( 4 119)
bh 0 s 0 ]
nh — I+
21Xy 2K X))y T X)) XV =Xy Nz = a2
0 b -
+ "ok e (4.120)
ViZy =2y ZpXy — 2K
‘_}nh(x’ s Z):{bh'(xl'yZ_xz'yl)9 0, _bh'(yl'zz_yz'zl)}' (4.121)

Anal oganente as equacdes descritas na Secdao

4.5, pode-se determ nar
ref er énci a,
origem P, e que possui

Desta fornmg,
pont 0s

Py(x. v, z)={x,. 0. z,} e
a origemP,(O0,0,0), onde
x,=b,-(x,-y,-x,-,) €
zy==b,-(v 2, -¥,2,),

pode ser escrita por

x_‘xnh Z_Znh

Xun z

nh
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com sem -ei xos a, e b,
direcéo v,.

a intersecdo entre o elipsoéide de

e a reta que passa pela

a equacao da reta definida pelos

(4.122)

(4.123)

(4.124)

(4.125)



No caso de z, , ter valor diferente de zero, €
possivel estabel ecer equacdes de x em funcdo de z, de forma
que

x:xnh-(z_z”hJ+xnh, (4.126)

Znh
onde, definindo-se a variavel auxiliar t_,

X=zt_—z,t_+Xx, € (4.127)

Xz

¢ =lub (4.128)

Com o auxilio de outra vari avel auxiliar t '

Xz

tem se que

! onde (4.129)

Xz !

x=z-t_ -t

tl=z -t _—x (4.130)

xz nh “xz nh*
Por outro Jlado, a &elipse resultante da
intersecdo entre o plano x0z e o elipsoide de referéncia,

com sem-eixos a e b, pode ser descrito na formm

h
quadr ati ca pel as segui ntes equacoes:

ro
2’ =a, —x". (4.132)

Com o auxilio da wvariavel auxi liar S,
defi ni da na equacédo 4.50, temse que

B (4.133)
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A partir das equacdes 4.129 e 4.130, obtémse
as segui ntes equacgoes:

Z=s—(zt_-1.) e (4.134)

Xz

(1+2) 22 +(=2-1, 1) z+ (2 —s)=0. (4.135)

Consi derando as vari aveis auxiliares A B e
C, cujos valores sao obtidos por

A=1+t12, (4.136)
B=-2-t_-t_ e (4.137)
C=t?—s, (4.138)

Xz

temse uma equacdo do segundo grau, com duas possiveis
sol ucdes, sendo que um dos resultados é dado por

— 2— . .
; —ZBHNB —44-C (4. 139)

! 2.4 ’

X, =zt —t_, (4. 140)

onde, |ogicanente, y, assunme o val or zero.

Por  convengao, caso z, tenha um valor
positivo, deve-se utilizar o ponto dianetral mente oposto no
el i pséi de de referéncia, ou seja,

P(x, v, z)={-x, 0, —z}. (4. 141)

Quando z, é igual a zero, ainda é possivel

est abel ecer equacdes de z em fungédo de x, desde que X, seja
di ferente de zero.

Assim a partir de
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Z:Znh-(x_x”hj+znh, (4.142)

tem se que, anal oganente ao desenvol vi nento anteri or,

z=x-t, —t._, onde (4.143)

fo=m e (4. 144)
xnh

t;x = xnh .tzx _Znh : ( 4 145)

Por outro |ado, enpregando-se a equacao 4. 131
para representar o elipsoide de referéncia, com sem -ei X0Ss
a, e b, a variavel auxiliar s da equagdo 4.50 e, ainda, a
equacao 4.143, pode-se escrever que

x’=a, -z, (4.146)
x*=s—(x-t, -t ) e (4.147)
(1+22) 2 + (=22, £,)-x+(2 =5)=0. (4.148)

Novanmente, obtém se una equacdo do segundo
grau, onde uma das possivei s solucbes é dada por

:—B+\/BZ—4-A-C

X, T (4.149)
z,=x,-t —t_, com (4. 150)
A=1+¢t,, (4.151)
B=-2-¢t_-t e (4.152)
C=t?-5. (4. 153)
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Novanmente, por convengcdo, caso z, tenha um
val or positivo, deve-se utilizar o ponto dianetral nente
oposto no elipséide de referéncia, conforne a equacao

4.141.

Por outro |ado, quando os pontos P, e P, estéao
contidos no plano x0z, ou seja, vVy,=y,=0, as equacdes
anteriores se tornam indefinidas e a elipse procurada
corresponde a um circulo com raio a,. Nesta excegdo, por
padroni zagdo, o ponto de referéncia € definido por

P(x, y, z)={a, 0, 0}. (4. 154)

1

4.7.2.2 — CALCULO DOS COSENGS

Ap6s a identificagcdo de P, €& necessario
determ nar os cosenos dos angulos y, e vy, fornados entre os
vetores v, e v,, e, ainda, v, e v,, conforme a Figura 4.18.

Fig. 4.18 — Angulos v, e v,

Cs vetores v, v, e v, sado definidos pela
origeme os pontos P, P, e P, respectivanente, onde
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(v, v 2)=1x. ». z) (4. 155)
vx oy oz)={x, y, z) e (4. 156)
Vz(x, v, z):{xz, Vos zz}. (4.157)

Assi m enpregando-se novanente as equacdes de
cosenos de vetores, temse que

XX, +z,2,
cosy, =

- 2 2 2 2 2
\/xi +2z; -\/)c1 +y, tz

e (4.158)

X, x,+z-z,

2 2 2 2 2
\/x,. +Zi -\/x2+y2+zz

cosy, = (4.159)

4.7.2.3 — PROJEGAO DOS PONTOS NA ELI PSE DE REFERENCI A

Para a projecao dos pontos P, e P, basta usar
a elipse de representacdao em duas di nensdes, com semi -ei X0S
a, e b, e, ainda, considerar um novo ponto de referéncia P
em duas di nensGes dado por

P(x, y)=la, o}, (4.160)

A partir deste novo ponto de referéncia, dos
cosenos dos éangulos vy, e vy, e, ainda, dos valores dos
sem -ei xos da elipse de referéncia, € possivel, final nente,
determ nar os pontos projetados P, e P,, Figura 4.19
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Py(Xps¥p)

Fig. 4.19 — Pontos projetados P, e P,.

Assim enpregando-se equacbes da elipse,
temse que a distancia rv, entre os pontos P, e Po(0,0) é
dada por

al-b’
— b | 4.161
‘ \/af (1-cos?y, J+ b2 -cos’y, ( )

e, por trigononetria sobre a elipse em duas di nensoes,

X, =rv, -Ccosy,. (4.162)

Tanmbém por trigononetria, obtémse que

y, =+rv:—x., caso y,<0, e (4.163)
y,=—rv:-x., caso y,>0. (4.164)
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Da nmesma forma, o0 ponto P, pode ser descrito

por
P(x, y)= {rvb C0SY,, *Alrvi —x; } onde (4. 165)
a’-b?
rv, = s ) 4.166
b \/as2 -(l—cos2 Vs )+ b -cos’ y,, ( )

4.7.3 — CALCULO DA DI STANCI A POR APROXI MACOES SUCESSI VAS

A solucdo final do problema estd baseada num
processo de aproximacdes sucessivas sobre a elipse de
representacdo em duas dinensbes para possibilitar a
determ nacdo do val or da integral correspondente ao tracado
entre as duas posicbes geogréaficas sobre a superficie do
el i psoi de.

Basi canente, ao invés de se enpregar céalcul os
de integrais de alto custo conputacional, propde-se a
utilizacdo de segnentacdo de retas e curvas e sequénci as de
somat Orias para a identificacdo dos val ores de distancia,
cuj os resul tados sao obtidos em quatro etapas distintas:

a) Seccionanento da elipse em setores;

b) Secci onanento dos setores em subset ores;

c) Seccionanento dos subsetores em m crosetores; e

d) Somat 6ria dos conprinentos dos segnentos de curva.

4.7.3.1 — SECCI ONAMENTO DA ELI PSE EM SETORES

Na prineira fase, a elipse de referéncia em
duas dinensGes € dividida em m setores por quadrante,
conforme pode ser observado no exenplo da Figura 4. 20.
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Neste processo, quanto nmior o0 nunmero de
setores, maior a precisdo dos resultados e maior o custo
comput aci onal para os cal cul os.

Fig. 4.20 — El i pse com 4 setores por quadrante, n¥4.

Por convencdo, serdo adotados o0s quatro
quadr ant es apresentados na Figura 4.21.

2" Quadrante 1" Quadrante

3" Quadrante 4’ Quadrante

Fig. 4.21 — Convencado de quadrantes para a elipse de
ref er énci a.
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4.7.3.1.1 — DI VI SAO DO PRI MEl RO QUADRANTE EM m SETORES

Inicialmente, com o intuito de mnimzar o
custo conput aci onal dos calculos de particionanmento,
propde-se a divisdo do prineiro quadrante em m setores para
posteri or espel hanment o das i nf or macdes nos demai s
quadr ant es.

Desta fornma, considerando a variacao angular 9§
comb o arco formado por cada setor, onde

s=-"—, (4.167)

temse a determnacdo de mtl pontos sobre o prineiro
quadrante da elipse de referéncia, conforme pode ser
observado na Figura 4.22.

LPaCxanya) ¢, P3(x3,y3)

Py(x2,y2)

Pi(x1,y1)

P ()(Xo,}’o)k
Ll
X

Fig. 4.22 — Divisao do prineiro quadrante, nr4.
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s pontos P do prinmeiro quadrante, aqui

denom nados nos, sao obtidos por

P(x, y)={rv,-cosm,, rv,-senw,}, onde (4.168)
a’-b’

rv, = . e 4.169

’ \/as2 {1=cos* @, )+ b2 -cos’ m, ( )

@,=i-0, para i=0,..,m (4.170)

Com os pontos P, ¢é possivel determ nar

segnmentos de reta r, entre dois pontos consecutivos, cujo0s
conpri ment os sao defini dos por

r=y(x-x, ) +(y-y,), parai=1,...,m (4.171)

Consequentenente, a somatoria R dos segnentos
de reta r, do prineiro quadrante é dada por

R=>r, (4.172)

e corresponde proporcionalnente ao conprinento C do
segnento de curva da elipse no prineiro quadrante, sendo
cal cul ado, de acordo com as equacbfes 2.12, 2.13 e 2.14,
por :

C:asjozx/l—kz-senzw-dw, (4.173)

2 2
c=" |%EFb gnge (4.174)
2V 2
222
P Coaly (4.175)
a?
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Enbora o0s setores tenham a nesnma variacao
angular 9o, o0s segnentos de arco c, formados apresentam
conprinmentos diferentes, entretanto, podem ser cal cul ados
por regra de trés, enpregando-se a somatoria R dos
segnentos de reta r, e o conprinento de curva C do prineiro
quadrante da el i pse, de fornma que

¢c,=—-——, parai=1,...,m e (4.176)

C:ic . (4.177)

4.7.3.1.2 — ESPELHAMENTO DAS INFORMACOES DO PRI MEIRO
QUADRANTE

As informacdes obtidas para o prineiro
quadrante devem ser espel hadas para os demai s quadrantes
com a finalidade de conpletar o processo de secci onanmento
da elipse, proporcionando a criacdao de 4m setores, Figura
4. 23.

Fig. 4.23 — Espel hanento do prineiro quadrante, n¥4.
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Assi m de acordo com a convencdo de
quadr ant es adot ada, as coordenadas dos nos e os val ores dos
segnentos de reta e curva para o segundo quadrante séao
obti dos por

P y)=t-x, »}h (4.178)
Yom-i =T € (4.179)
ch—i :ci+1' par a I =Ol ey m 1 ( 4 180)

Para o terceiro quadrante, temse que

f)ZmH('x’ y):{_x[: _y,‘}1 (4 181)
Pomei =17 € (4.182)
¢, =¢, para i=0,..., m (4.183)

e, finalnente, para o quarto quadrante, o transporte de
dados € feito por

le—i(x’ y):{xn _y[}, (4 184)
Yam—i =T € (4.185)
c4mﬂ‘ :ci+1' par a I =O, cee sy M 1 (4 186)

4.7.3.2 — SECCI ONAMENTO DOS SETORES EM SUBSETORES

Na segunda fase, o0s setores que contém os
pontos P, e P, sdo particionados novanente em n subsetores,
conforme o exenpl o apresentado na Figura 4. 24.

Simlarnente a prinmeira fase, quanto nmior o

nunero de subsetores, nmior a precisdao dos resultados e
mai or o custo conputaci onal para os cal cul os.
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Fig. 4.24 — Divisao dos setores em subsetores, nmr4 e n=3.

4.7.3.2.1 — | DENTI FI CACAO DOS AZI MUTES E SETORES DOS PONTOS
P, E P,

Antes de iniciar o processo de segnentacéo
dos setores, € necessario definir os azinutes dos pontos P,
e P, emrelagcdao ao ponto de referéncia P (a,0), de acordo
com a convencdo apresentada na Figura 4. 25.

Fig. 4.25 — Convencao de azi nutes.
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Assim a partir dos cosenos dos angulos vy, e
Y,, Obtidos no elipséide e descritos nas equacdes 4.177 e
4.178, os valores dos azinutes azP, e azP, dos pontos P, e
P,, emrelacdo a referéncia adotada, s&o dados por

azP=arccos(cosy), caso y>0, e (4.187)

azP=27z—arccos(cosy), caso y<0, (4.188)

onde azP assume o valor de azP, ou azP,, conforne a
i dentificacdo do azimute do ponto P, ou P,.

Quando (azP, < azP), ha necessi dade de
pernutar as coordenadas dos pontos P, e P, de forma a
garantir que o ponto P, senpre tenha o nenor valor de
azinmute. Por outro |lado, cono tratanento de excecdo, caso
azP, seja igual a azP, a distancia procurada assune o val or
zero.

Apés a determ nacdo dos azinmutes, € preciso
identificar os setores sP, e sP, correspondentes aos
setores que contém os pontos P, e P,, respectivanente,
através da segui nte equacao:

sp=%+1. (4.189)

4.7.3.2.2 — DIVISAO DOS SETORES DOS PONTOS P, E P, EM n
SUBSETORES

A divisdo dos setores que contém os pontos P,
e P, em n subsetores acontece com a identificacdo de um
azimute inicial az, a partir do setor sP que contém o
pont o:

az;, =(sP-1)-0, (4.190)
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onde sP assune o valor de sP, ou sP, confornme a

a

subsetori zagdo do ponto P, ou P,.

Desta forma, considerando a variacdo angul ar
d, conb o arco formado por cada subsetor, onde

(4.191)

temse a determnacdo de n+l1 pontos sobre o setor sP,
conforme pode ser observado na Figura 4.26.

v

Fig. 4.26 — Seccionanento de um setor, nF4 e n=3.
Gs pontos Ps, do setor sP, aqui denom nados

noés internedi ari os do setor, sao obtidos por

Ps_/.(x, y):{rv”-coswl.j, rvy.-senwl.j}, onde (4.192)
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a’-b’
v, = L e 4.193
Y \/af (1 -cos? @, )+ b2 -cos® @, ( )

@, =az,+j-6,, para j=0,..,n. (4.194)

Com os pontos Ps, €& possivel determ nar
segnentos de reta rs, entre dois pontos internediarios do
setor, cujos conprinentos sao cal cul ados por

rs; :\/(xsj—xsj_l)z+(ysj—ysj._l)2 , para j=1,...,n. (4.195)

Consequent enent e, a somat 6ri a Rs dos
segnentos de reta rs, do setor sP e dada por

Rs=)rs, (4.196)
j=l

e corresponde proporcionalmente ao conprinento c¢, do
segnento de curva do setor sP, conforne descrito na equacgao
4. 176.

Enbora os subsetores tenham a nesma vari acgéo
angul ar 9§, os segnmentos de arco cs;, formados apresentam
conprinmentos diferentes, entretanto, podem ser cal cul ados
por regra de trés, enpregando-se a somatéria Rs dos
segnentos de reta rs;, e o conprinento de curva c, do

segnento de curva do setor sP, de forma que

S, Cp .
cs; =— , para j=1,...,n. (4.197)
‘ Rs

Caso os pontos P, e P, se encontrem no nesno
setor, ndo h& necessidade de repetir os céalculos,
reduzi ndo, desta fornma, o custo conputacional.
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4.7.3.3 — SECCI ONAMENTO DOS SUBSETORES EM M CROSETORES

Na terceira fase, o0s subsetores que contém os
pontos P, e P, sdo particionados novanente em 2
m crosetores, conforme o exenplo apresentado na Figura
4. 27.

Fig. 4.27 — Divisao dos subsetores em m crosetores,
M4 e n=3.

4.7.3.3.1 — | DENTI FI CACAO DOS SUBSETORES DOS PONTCS P, E P,

Antes de iniciar o processo de seccionanento
em microsetores, é preciso identificar os subsetores tP, e
t P, correspondentes aos subsetores que contém os pontos P,
e P, respectivanmente, através da segui nte equagdo:

azP—az,

o

N

tP +1, (4.198)

onde tP assunme o valor de tP, ou tP, confornme a
m crosetorizagdo do ponto P, ou P,.
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4.7.3.3.2 — DIVISAO DOS SUBSETORES DOS PONTOS P, E P, EM 2
M CROSETORES

A divisdo dos subsetores que contém os pontos
P. e P, em 2 mcrosetores acontece com determ nagdo dos
segnentos de curva entre os pontos e as extrem dades do
subsetor em que se encontram

Desta forna, adotando-se o nmesnp procedi nento
para os dois pontos, temse que o conprimento do segnento
de reta rT,P entre o ponto P(x,y) e a extrem dade inicial
do subsetor tP €& dado por

rT,P= \/(‘x—x’stP—l )2 +(y—ys,P_1 )2 (4.199)

e o conprimento do segnento de reta rT,P entre o ponto
(x,y) e a extrem dade final do subsetor tP por

rT,P= \/(x—xstp)z +(y—ys, ), (4.200)

onde tP assune o valor de tP, ou tP, confornme o
secci onanento do subsetor do ponto P, ou P,.

Consequent enent e, a somat Ori a Rt dos
segnentos de reta do subsetor em questao é cal cul ada por

Rt=rT,P+rTP (4.201)

e corresponde proporcional nente ao conprinmento cs,, do
segnento de curva do subsetor tP, conforne descrito na
equacao 4. 197.

Novanente, os segnentos de curva cTP e cTP
obtidos com o0 seccionanento, apresentam conpri nent os
di ferentes, entretanto, podem ser cal culados por regra de
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trés, enpregando-se a sonmatdoria Rt e o conprinmento de curva
Cs,, do segnento de curva do subsetor tP, Figura 4.28, de
forma que

cTl,P = ’Rt (4.202)
T.p.

TP (4.203)
f Rt

Psp

Subsetor tP

Fig. 4.28 — Seccionanento de um subsetor.

4.7.3.4 — SOVATORI A DOS COVPRI MENTOS DOS SEGVENTOS DE CURVA

Na quarta fase, o0 processo se baseia na
somat 0ri a dos conprinentos dos segnentos de curva entre os
pontos P, e P, determ nando inicialnente os valores entre
estes pontos e as extrem dades dos respectivos setores e,
sequenci al nente, acrescentando os val ores dos conpri nentos
dos segnentos de curva relativos aos setores e subsetores
encont rados no cami nho.
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4.7.3.4.1 — CALCULO DAS DI STANCI AS ENTRE OS PONTOS P, E P, E
O INiCl O DOS SETORES

Inicialmente, hé& necessidade de identificar
as distancias cSP, e cSP, entre os pontos P, e P, e o inicio
dos respectivos setores, cujos valores devem ser obtidos
através da somat 6ria dos conprinentos de:

a) Segnento de curva entre o ponto e o inicio do subsetor
tP;, e

b) Segnentos de curva dos subsetores encontrados entre o
inicio do setor sP e o subsetor tP, exclusivanmente,;

sendo a di stancia descrita por

tP-1
CSI.P=CT;.P+ZCS]. : (4.204)

Jj=1

4.7.3.4.2 — | DENTI FI CAGAO DO SENTI DO DE BUSCA

Padr oni zando-se o valor procurado cono a
menor distéancia a ser percorrida entre os dois pontos,
observa-se que os cal cul os podem ser efetuados no sentido
horario ou anti-horario, dependendo das coordenadas dos
pontos P, e P,.

Desta forma, quando a diferenca de azinute
entre os pontos P, e P, for maior do que 180 graus, ou seja,
(azP,-azP,) > n, os <calculos serdo efetuados no sentido
horario e, caso contrario, no sentido anti-horario.
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4.7.3.4.3 — SOMATORIA DOS COVPRI MENTOS DOS SEGMVENTOS DE
CURVA NO SENTI DO ANTI - HORARI O

No sentido anti-horario, a distancia d
corresponde a sonatoOria dos conprinentos de:

a) Segnento de curva entre o ponto P, e o final do setor
sP,;

b) Segnentos de curva dos setores encontrados entre o
setor sP, exclusive, e o setor sP, exclusive; e

c) Segnento de curva entre o ponto P, e o inicio do setor
sP,;

sendo descrita, confornme a representacdo grafica da Figura
4.29, por

sPb—1
d=(c,p,—cS,P,)+ >.c,+cS,P,. (4.205)

Jj=sPa+1

Fig. 4.29 — Somat6ria dos conprinmentos dos segnmentos de
curva no sentido anti-horério.
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4.7.3.4.4 — SOVATORIA DOS COVPRI MENTOS DOS SEGMVENTOS DE
CURVA NO SENTI DO HORARI O

Anal oganente, no sentido horario, a distancia
d € equivale a somatoria dos conprinmentos de:

a) Segnento de curva entre o ponto P, e o inicio do setor
sP,;

b) Segnentos de curva dos setores encontrados entre o
prineiro setor, inclusive, e setor sP, exclusive,

c) Segnmentos de curva dos setores encontrados entre o
setor sP,, exclusive, e o ultino setor, inclusive;

d) Segnento de curva entre o ponto P, e o final do setor
sP,;

sendo descrita, de acordo coma Figura 4.30, por

sPa—1 4m
d=cS,P+ ZC‘]. + ZC} +(c,p, —S.P). (4.206)
1 j=sPb+1

Fig. 4.30 — Somat6ria dos conprinmentos dos segnmentos de
curva no sentido horério.
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Quando os pontos P, e P, se encontram no nesno
setor, ou seja, sP, é igual a sP, Figura 4.31, a distancia
d entre as posi¢cOes geograficos é obtida por

d=cS,P,—cSP,. (4.207)

v

Fig. 4.31 — Distancia entre pontos do nesnp setor.

Fi nal nent e, cabe ressal tar que, enbor a
existam outras formas nmatematicas para se efetuar a
convergénci a nos cél cul os de distéancia, tais conb processos
i nterativos, as equacbes e o0s seccionanentos foram
propostos com variaveis pré-determinadas de m n e o para
possi bilitar resul t ados cont r ol ados e anal i ses
conpar at i vas.

4.8 — CALCULO DE UMA NOVA POSI CAO APOS DESLOCAMENTO ANGULAR

Tendo em vista que o netodo proposto esta

enbasado em funcdes quadraticas, € necesséario identificar
equacdes que permtam detern nar novas posi ¢cbes geograficas
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apos deslocanentos angulares sobre a superficie do
el i ps6i de que representa o globo terrestre.

Nesta proposta, novas posicdes geograficas
podem ser determ nadas a partir de posicbOes geograficas
i niciais, enpregando-se equacdes quadraticas sobre o
el i pséide de referéncia com sem -eixos a, e b, desde que
sejam fornecidas i nformagcdes  adicionais, tais conpo
di stancia angular B e azimute verdadeiro a de desl ocanento.

Assim baseando- se em matrizes de
transfornacdo e no conceito de latitude falsa descrito na
secao 4.4, € possivel i dentificar um novo ponto
P,(X,, Y, Z,), correspondente a posicdo geografica final,
com al ti tude ai nda i ndefi nida.

O conceito tem conp sustentacdo a rotacao do
ponto P(0,0,-a) sobre os eixos X, y e z, enpregando-se
matrizes de transfornmacdo com os valores dos arcos de
di stancia angular, azinmute de deslocanmento e, ainda,
|l ongitude e latitude falsa da posicédo geogréafica inicial
Figura 4.32, confornme se segue:

lxz_/ Yoy Zay IJ:[O 0 -a, 1]-mT, (4.208)

mT =mRX -mRz-mRx-mRy , (4.209)
1 0 0 0

MRX = 0 cos(-p) sen(-p) 0 | (4. 210)
0 —sen(-8) cos(-5) 0
0 0 0 1
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[ cos(er) sen(@) 0 0
Rz — —sen(a) cos(e) 0 0
0 0 1 0
0 0 0 1
1 0 0
R — 0 cos(—gzﬁfl) sen(—(bfl) 0
0 —sen\-¢,, cos(—gzﬁf1 0
10 0 1
[cos(-2,) 0 —sen(-=4) 0
mRy = 0 : 0 0 onde
sen(-2,) 0 cos(-4) O
0 0 0 1
MRXx - matriz de rotacdo no ei xo X,
nMRy - matriz de rotacdo no ei xo v,
nMRz - matriz de rotacdo no ei xo z,
MRX - matriz de rotacdo no ei xo X,
ml - matriz de transformcao,
B - di stancia angul ar,
d,, - latitude fal sa da posicado geografica inicial,
A, - longitude da posicao geografica inicial,
o - azinute verdadeiro para desl ocanmento,

e, consequent enment e,

Xyp ==0- (sen(ar)-sen(— f8)-cos(— A, )+sen(- 4, )-
(— sen(— ¢f1 ) sen(— ﬂ)- cos(a)+ cos(— ¢f1 ) cos(— ,B))) ,

Yoy =—ay- (— sen(— ﬂ)- cos(— ¢f1 ) cos(a)— sen(— ¢f1 ) cos(— ,B)) e

Zyp=—a,- (—sen(a)-sen(— B)-sen(- 4, )+ cos(~ 4, )-
(— sen(— P ) sen(— B)-cos(a)+ cos(— P ) cos(— ﬂ))) :
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Cs val ores das coor denadas do pont o
P,(X,,Y,, Z,) devem ser corrigidos para que se possa
det er m nar 0 pont o final procur ado P,(X, Y, Z,),
correspondente a nova posicdo geografica (¢, A,h), com
val ores precisos de altitude.

a) Rotacdo no eixo x: nRX b) Rotacdo no eixo z: nRz;

c) Rotacdo no eixo x: nRx; d) Rotacdo no eixo y: nRy.

Fig. 4.32 — Rotacdes no ei xos X, y e z.

Desta forma, considerando-se a altitude da
posi cdo geografica final cono igual a altitude da posicéo
geografica inicial, ou seja, h, = h, é viavel utilizar as
equacOes descritas na secdo 4.5 para a determ nagcao da
primeira interse¢cdo entre a reta formada pelos pontos
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P,(X,, Y,y 2Z,) € P(0,0,0) e o elipsoide de referéncia com
sem -ei xos a, e b,.

Comb resultado, obtémse o ponto final
P,(X, ¥, Z,), que representa a posi¢ao geografica procurada
(¢, A, h), com distancia angular de deslocamento f, na
direcdo a, a partir da posicdo geografica inicial
(6 2y D) .

4.9 — CALCULO DE UMA NOVA POSI CAO APOS DESLOCAMENTO

De maneira simlar ao processo de céalculo de
di st anci a, novas posi ¢cbes geogr afi cas podem ser
determi nadas a partir de posicdes geograficas iniciais,
enpr egando- se equacdes quadraticas sobre o elipsoéide de
referéncia com sem-eixos a, e b, desde que sejam
fornecidas informacdes adicionais, tais conb distancia a
ser percorrida e azimute verdadeiro de desl ocanento.

Este problema, considerado conb direto na
literatura, tanmbém €& solucionado com o uso da técnica de
apr oxi magcdes sucessivas sobre una elipse de representacao
em duas dinensbdes, que possibilita a obtencdo da posicéao
geogr afica correspondente ao resultado do deslocanento na
di recdo determ nada sobre a superficie do elipsodide.

Desta forma, considerando o ponto inicial
P(x,,¥,,z,), correspondente a posicao geografica (¢, A, h),
a distancia d e o azinute verdadeiro o, o calculo da nova
posi ¢cdo (¢, A,, h,) é efetuado em cinco etapas distintas:

a) ldentificacdo de unmm posicdo geografica estinmada sem
preci sdo, com o uso de matri zes de transfornmacao;
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b) Determ nacdo da elipse emtrés di nensbes que passa pelo
ponto P, e possui direcao de desl ocanento o;

c) Projecdo dos pontos sobre uma elipse de representacéao
em duas di nensdes;

d) Calculo da distancia angular [ correspondente a
distancia d a ser percorrida a partir da posicéo
geografica inicial, através de aproxi mgdes sucessivas;

e) Determ nacdo da nova posicdo geografica, com o enprego
de matrizes de rotacao.

4.9.1 — CALCULO DE UMA PCSI CAO ESTI MADA

Tendo em vista que a determ nacdo da elipse
em trés di nensdes, que passa pelo ponto P, e possui direcéo
de desl ocanento a, requer a existéncia de dois pontos sobre
o elipsoide de referéncia, ha necessi dade de se estinmar uma
posi cdo geografica que tenha o nesno azinute verdadeiro o
emrel acdo a posicao geografica inicial e, ainda, distancia
aproxi mada do val or real a ser percorrido.

Como prineiro passo, deve-se utilizar unm
regra de trés sinples entre a distancia d e perinetro da
elipse de referéncia com sem-eixos a, e b, de tal forma
que a distancia angular f, entre a posicdo geografica
inicial e a estimda, seja descrita por

__d (4.217)

ﬁe_ '
/af-+bf
2

Caso B,=nt ou P,=-m, oOcCOrre umae exceg¢do, pois
dois pontos dianetralnente opostos ndo possibilitam a
determ nacdo de um unico plano que o0s contenha. Nesta
ocorreéncia, por padronizacdo, a distancia angul ar deve ser
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reduzida em um pequena fracdo para que o problenma seja
sol uci onado, cono, por exenpl o,

T
18000

B.=5.- (4.218)

O novo ponto P,(X,, VY., Z,), correspondente a
posi cdo geografica estimada, €é calculado a partir da
di stancia angular estimada e das equacbOes descritas na
secdo 4.8, onde sdo enpregadas rotagbes do ponto P(O0,0,-a,)
sobre 0s eixos X, y e z.

Corb a altitude h, do ponto estinmado
P,.( X, Voo Z,.) NAO influencia na determ nagdo da elipse em
trés di mensbes, ndo é preciso utilizar as equacbes da secao

4.8 para correcdo das coordenadas.

4.9.2 — DETERM NAGAO DA ELI PSE EM TRES DI MENSCES

Anal oganmente a secdo 4.7, a solucao do
problema direto esta baseada na identificacdo de uma elipse
em trés di nensbes que passa pelos pontos P, e P,, de form
a reduzir os calculos do processo de aproximcdes
sucessi vas.

Esta elipse corresponde ao resultado da
intersecdo entre a superficie do elipsoide de referéncia e
o plano PI, que contém os pontos P, P, e a origem
P(0,0,0) e, ainda, possui direcdo de deslocanento o em
rel acdo a posi cao geografica inicial.

A determnacdo da elipse €& obtida com as

nmesmas equacdes descritas nas secdes 4.7.1.1 e 4.7.1.2,
onde sé&o cal cul ados:
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a) O coseno do angulo 6, fornmado entre os planos Pl e x0z;
e
b) Gs sem -ei xos a, e b, da elipse.

4.9.3 — PRQJECAO DOS PONTOS SOBRE A ELI PSE DE REPRESENTACAO
EM DUAS DI MENSCES

Ap6és a identificacdo da elipse em trés
di mensdes, pode-se usar o0s conceitos da secdo 4.7.2 para
projetar os pontos P, e P, sobre uma elipse de
representacdo que seja capaz de expressar informcdes em
duas dinmensbes equivalentes as posicdes geograficas do
el i pséi de de representacao.

Nesta fase, de acordo com as equacdes das
secbes 4.7.2.1, 4.7.2.2 e 4.7.2.3, sao efetuados os
segui nt es passos:

a) ldentificacdo do ponto de referéncia P(X,VY,,Z),
resultante da intersecdo entre a superficie do
el i ps6éide de referéncia e os planos Pl e x0z;

b) Cal cul o dos cosenos dos angulos y, e vy, fornmados entre
os vetores v, e v, e, ainda, v, e v,, descritos nas
equacOes 4.155, 4.156 e 4.157; e

c) Projecdo dos pontos P/(x,,Y,,z,) e P,(X,, Y, Z,) Sobre a
el i pse de representacdo em duas dinensfes, gerando os
pontos P,(Xx,Vy.) e P(X,YVY,)-

4.9.4 — CALCULO DA DISTANCCA ANGULAR POR APROXI MACCES
SUCESSI VAS

A solucdo do problena direto esta centrada
num processo de aproximcdes sucessivas simlar ao
apresentado na proposta para o calculo de distancia entre
duas posi ¢cOes geografi cas.
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Novanente, ao invés de se enpregar céalculos
de integrais de alto custo conmputacional e algoritnos
repetitivos de convergéncia, propbe-se a utilizacdo de
segnentacdo de retas e curvas e sequUéncias de somatorias
para a identificacdo da distancia angular B, correspondente
a distancia d a ser percorrida a partir da posicao
geografica inicial, cujo resultado é obtido em quatro
et apas di stintas:

a) Seccionanmento da elipse em setores;

b) Seccionanento do setor do ponto P, em subsetores;

c) Seccionanento do subsetor do ponto P, em mi crosetores; e
d) Sonmt 6ria das vari acbes angul ares.

4.9.4.1 — SECCI ONAMENTO DA ELI PSE EM SETORES

Na prineira fase, a elipse de referéncia em
duas dinmensbes € dividida em 4m setores, exatanente conp
det al hado nas secbes 4.7.3.1.1 e 4.7.3.1.2, de acordo com
0S segui ntes passos:

a) Divisdo do prinmeiro quadrante em m setores:
- ldentificacdo da variacdo angular & de cada setor;
- Definicdo de mtl pontos sobre o quadrante;
- Determ nacdo dos segnentos de reta r,; e
- Cal cul o dos segnentos de curva c,;

b) Espel hamento das informacdes do prinmeiro quadrante para
0os demai s quadrantes, proporcionando a criacdo de 4m
setores sobre a elipse.

Neste processo, quanto maior o valor de m

maior a precisdo dos resultados e nmior o0 custo
comput aci onal para os cal cul os.
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4.9.4.2 — SECCI ONAMENTO DO SETOR DO PONTO P, EM SUBSETORES

Na segunda fase, o setor que contém o ponto P,
€ particionado novanente em n subsetores, precisanente cono
descrito nas secOes 4.7.3.2.1 e 4.7.3.2.2, onde ocorre o
segui nt e:

a) ldentificacdo do azinute azP, do ponto P;
b) Determ nagcdo do setor sP, que contémo ponto P, e
c) Divisédo do setor sP, emn subsetores:
- ldentificacdo da variacdo angul ar 5, de cada subsetor;
- Definicdo de n+l pontos sobre o setor sP;
- Determ nacdo dos segnentos de reta rs; e
- Calculo dos segnentos de curva cs,.

Simlarnente, quanto mior o valor de n,
maior a precisdo dos resultados e nmuior o0 custo
comput aci onal para os cal cul os.

4.9.4.3 — SECCI ONAMENTO DO SUBSETOR DO PONTO P EM
M CROSETORES

Na terceira fase, 0 subsetor que contém o
ponto P, € secci onado novanente em 2 nicrosetores, da nmesma
forma conb acontece nas secbes 4.7.3.3.1 e 4.7.3.3.2, onde
sao ef etuados os segui ntes passos:

a) ldentificacdo do subsetor tP, que contémo ponto P; e
b) Diviséo do subsetor tP, emdois mcrosetores:
- Determ nacdo dos segnentos de reta rTP, e rT,P, entre
0 ponto P, e as extrem dades do subsetor tP; e
- Determnagcdo dos segnentos de curva cTP, e cTP,
entre o ponto P, e as extrem dades do subsetor tP,.
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4.9.4.4 — SOVATORI A DAS VARI ACOES ANGULARES

Na quarta fase, o0 processo se baseia na
determi nacdo da distancia angular [, correspondente a
distancia d a ser percorrida a partir da posicdo geogréafica
inicial, através da somatoria das variacbes angul ares dos
segnment os de curva.

A somat 6ria das variacdes angulares coneca a
partir do ponto inicial P, e prossegue sobre os segnentos
de ~curva dos microsetores, subsetores e setores que
encontrar, até que a somatoria dos conprinentos destes
segnentos seja igual a distancia d a ser percorrida.

4.9.4.4.1 — CALCULO DAS DISTANCIAS ENTRE O PONTO P, E AS
EXTREM DADES DO SETOR sP

Tendo em vista que o calculo da distancia
angul ar depende da somatoria dos conprinentos dos segnent os
de curva, ha necessidade de se determ nar as distancias
entre o ponto P, e as extrem dades do proprio setor

Assim de acordo com a equacdo 4.204, a
di stancia cSP, entre o ponto P, e o inicio do setor sP, é

i al

obti da através da sonmat 6ria dos conprinentos de:

a) Segnento de curva cT,P, entre o ponto P, e o inicio do
subsetor tP; e

b) Segmentos de curva cs, dos subsetores encontrados entre
o inicio do setor sP, e o subsetor tP, exclusivanente.

Por outro lado, a distancia cSP, entre o
ponto P, e o final do setor sP, é dada por

cS, P =cyp, —cS,P,. (4.219)

ma
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4.9.4.4.2 — | DENTI FI CAGAO DO SENTI DO DE BUSCA

Antes de iniciar o processo de calculo da
di stancia angular, €& inprescindivel identificar o sentido
da busca para as somatorias: horario ou anti-horario.

As somatorias serdo efetuadas no sentido
horario quando o azinute do ponto estimdo for menor ou
igual ao azimute do ponto de inicio de deslocanento, ou
seja, caso (azP, < azP). Na situacdo contraria, a busca
ocorrera no sentido anti-horario. O céalculo do azinute azP,
do ponto estinmado é obtido através das equacdes 4.187 e
4.188.

Por padronizacdo, caso a diferenca entre os
azinmutes seja maior do que 180 graus, o sentido da busca
devera ser invertido.

4.9.4.4.3 — SOVATORI A DAS VARI ACOES ANGULARES NO SENTI DO
ANTI - HORARI O

Tendo em vista que as teécnicas apresentadas
devem ser capazes de realizar os cal culos com preci sdo em
di versas situacbes, tais conp distancias de deslocanento
mlinmétricas e intercontinentais, os diferentes casos devem
ser abordados de fornma a permtir a nelhor performance em
t odas as possi bili dades.

Assim nos trés casos apresentados a seqguir
com busca no sentido anti-horario, o ponto P, corresponde a
posi cdo geografica inicial, o ponto P, representa a posi¢ao
geogr afica procurada sobre a elipse em duas di nensdes com
sem -ei xos a, e b, e, ainda,

B, - somatoria parcial da variagao angul ar;
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d - somatoOria parcial dos conprinentos dos segnentos de

curva ou sonmat 6ria parcial de deslocanento; e
Ad - diferenca entre a distancia de deslocanento d e a

somat 6ri a parcial de deslocanento d.

4.9.4.4.3.1 - CASOA:. O PONTO P__SE ENCONTRA DENTRO DO
SUBSETOR DO PONTO P,, SENTI DO ANTI - HORARI O

O prineiro caso ocorre quando a distancia de
desl ocanento d representa um valor nmenor ou igual a
di stancia cT,P,, entre o ponto P, e o final do subsetor tP,

f' al

Figura 4.33, com busca no sentido anti-horério.

Psip,

Subsetor tP,

Fig. 4.33 — Somat oria das variacdes angul ares: caso A

Nesta situacdo, o ponto procurado P, se
encontra dentro do subsetor tP, o0 que permte que a
di stancia angular B seja calculada diretanmente, por regra
de trés, sobre a variagado angular & do subsetor, de fornmm

que

=40 (4.220)

tPa
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4.9.4.4.3.2 - CASOB: O PONTO P__SE ENCONTRA DENTRO DO
SETOR DO PONTO P, MAS EM SUBSETOR DI FERENTE
SENTI DO ANTI - HORARI O

O segundo caso acontece quando a distancia de
desl ocanento d tem um val or nmmior do que a distancia cTP,
entre o ponto P, e o final do subsetor tP, e nenor ou igual
a distancia cSP,, entre o ponto P, e o final do setor sP,
ou sej a, cT.P,< d < cSP, com busca no senti do
anti-horario.

Nesta circunsténcia, o ponto procurado P, se
encontra dentro do setor sP, nmas em subsetor diferente
propor ci onando o cal cul o da distancia angular B, conforme a
Figura 4.34, a partir da somatoria das vari agcdes angul ares
correspondentes a:

a) Segnento de curva cT,P, entre o ponto P, e o final do
subsetor tP;

v

Fig. 4.34 — Somat 6ria das vari acbes angul ares: caso B
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b) Segmentos de curva cs, dos subsetores encontrados a
partir de (tP+1) até (n-1), no sentido anti-horario
dentro do setor sP, enquanto néo identificar o subsetor
do ponto P, ou seja, enquanto a diferenca Ad for nmmior
do que conprinmento do segnento de curva do subsetor j;
e

c) Segnento de curva relativo a diferenca Ad no subsetor
identificado conb o que contém o ponto P..

O seguinte algoritno apresenta um exenplo de
i npl enment acdo em pseudocodi go:

_ch})LJ .é‘s
=T
cstPa

dp = CT/'Pa

varre os subsetores j do setor sP, variando j de tP+1 ate n-1

{
Ad=d-d,
se (Ad£csj), j corresponde ao subsetor do ponto P_:
Ad-o

incrementa B, em * e sai do |lago
cs

j
caso contrario, j ndo corresponde ao subsetor do ponto P:
incrementa B, em J,

i ncrenent a dp em cs;

}
p=5,

4.9.4.4.3.3 - CASOC. O PONTO P__SE ENCONTRA EM SETOR
DI FERENTE DO PONTO P., SENTI DO ANTI - HORARI O

O terceiro caso acontece quando a distancia
de deslocanmento d tem um valor nmior do que a distancia
cSP, entre o ponto P, e o final do setor sP, com busca no
sentido anti-horario.
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Nesta ocasi ao, o0 ponto procurado P. se
encontra em setor diferente do que contém o ponto P,
propi ci ando o cal cul o da di stancia angular B, de acordo com
a Figura 4.35 a partir da somatoria das variacdes

angul ares correspondentes a:

a) Segnento de curva cT,P, entre o ponto P, e o final do
subsetor tP;

b) Segmentos de curva cs, dos subsetores encontrados a
partir de (tP+1) até (n-1), no sentido anti-horario
dentro do setor sP;

c) Segnentos de curva c, dos setores encontrados a partir
de (sP+1) até 4m no sentido anti-horario, enquanto nao
identificar o setor do ponto P, ou seja, enquanto a
diferenca Ad for maior do que conprinmento do segnento
de curva do setor i;

A

P, C

Fig. 4.35 — Somat 6ri a das vari acbes angul ares: caso C.

d) Segnentos de curva c, dos setores encontrados a partir
de 1 até sPa, caso a busca prossiga ap6s o setor 4m no
sentido anti-horério, enquanto ndo identificar o setor
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f)

do ponto P, ou seja, enquanto a diferenca Ad for nmmior
do que conprinmento do segnento de curva do setor i;
Segnentos de curva cs;, dos subsetores encontrados a
partir de 1 até n, no sentido anti-horario dentro do
setor identificado do ponto P, enquanto n&o determ nar
0 subsetor do ponto P, ou seja, enquanto a diferenca Ad
for maior do que conprinmento do segnento de curva do
subsetor j; e

Segnento de curva relativo a diferenca Ad no subsetor
identificado conb o que contém o ponto P..

O seguinte algoritno apresenta um exenplo de

i npl enent acdo em pseudocaodi go:

T, B, -9,

B +(n—tPa)-5s
cstPa
dPZCSfPa
varre os setores i, variando i de sP+1 ate sP: anti-horario
{
Ad=d-d,
se (Adfsq), i corresponde ao setor do ponto P:
divide o setor i emn subsetores
varre os subsetores j do setor i, variando j de 1 até n
{
Ad=d-d,
se QyZSCQJ, j corresponde ao subsetor do ponto P_:
_ Ad -0, _
incrementa B, em e sai do lago
cs,
caso contrario, j ndo corresponde ao subsetor do ponto P:
incrementa B, em J,
incrementa d, em cs,
} o
caso contrario, i ndo corresponde ao setor do ponto P:
increnmenta B, em o6
increnmenta d, em
}
B=p,
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4.9.4.4.4 — SOVATORI A DAS VARI ACOES ANGULARES NO SENTI DO
HORARI O

Simlarnente aos processos apresentados para
a somat ori a das vari acoes angul ares no sentido
anti-horario, trés casos devem ser abordados de fornmas
distintas no sentido horario, como intuito de nmaximzar a
performance dos céalculos e garantir o nesnb nivel de
preci sdo em todas as situacoes.

4.9.4.4.4.1 —- CASOD:. O PONTO P__SE ENCONTRA DENTRO DO
SUBSETOR DO PONTO P, SENTI DO HORARI O

O quarto caso ocorre quando a distéancia de
desl ocanento d representa um valor nenor ou igual a
di stancia cT,P,, entre o ponto P, e o inicio do subsetor tP,
com busca no sentido horario, Figura 4. 36.

PSlPa

Subsetor tP,

Fig. 4.36 — Somat 6ria das vari agbes angul ares: caso D

Nesta situacdo, o ponto procurado P, se
encontra dentro do subsetor tP, o0 que permte que a
di stancia angular p seja calculada diretanmente, por regra
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de trés, sobre a variacdo angular o, do subsetor, conforne
descrito na equacédo 4. 220.

4.9.4.4.4.2 — CASOE: O PONTO P SE ENCONTRA DENTRO DO
SETOR DO PONTO P, MAS EM SUBSETOR DI FERENTE,
SENTI DO HORARI O

O quinto caso acontece quando a distancia de
desl ocanmento d tem um val or nmmior do que a distancia cTP,
entre o ponto P, e o inicio do subsetor tP, e nenor ou
igual a distancia cSP,, entre o ponto P, e o inicio do

setor sP, ou seja, cTP, <d < cSP, com busca no sentido
horari o.

v

Fig. 4.37 — Somat 6ria das variacdes angul ares: caso E

Nesta circunstancia, o ponto procurado P, se
encontra dentro do setor sP, mas em subsetor diferente
propor ci onando o cél cul o da di stancia angular B, confornme a
Figura 4.37, a partir da somatoria das vari acdes angul ares
correspondent es a:
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b)

Segnento de curva cT P, entre o ponto P, e o inicio do
subsetor tP;

Segnentos de curva cs; dos subsetores encontrados a
partir de (tP-1) até 1, no sentido horéario dentro do
setor sP,, enquanto nado identificar o subsetor do ponto
P, ou seja, enquanto a diferengca Ad for maior do que
conprinmento do segnento de curva do subsetor j; e
Segnento de curva relativo a diferenca Ad no subsetor

identificado conb o que contém o ponto P..

O seguinte algoritno apresenta um exenplo de

i npl enment acdo em pseudocodi go:

varre os subsetores j do setor sP, variando j de tP-1 até 1

{
Ad=d-d,
se (AdScs_/.), j corresponde ao subsetor do ponto P_:
, Ad -0, ,
i ncrement a ﬁp em ~ e sai do lago
CS .
J
caso contrario, j ndo corresponde ao subsetor do ponto P
increnmenta B, em o
incrementa d, em cs;
}
B=5,
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4.9.4.4.4.3 - CASOF: O PONTO P__SE ENCONTRA EM SETOR
DI FERENTE DO PONTO P, SENTI DO HORARI O

O sexto caso acontece quando a distancia de
desl ocanento d tem um val or nmmior do que a distancia cSP,
entre o ponto P, e o inicio do setor sP, com busca no
sentido horario.

Nesta ocasi ao, 0o ponto procurado P, se
encontra em setor diferente do que contém o ponto P,
propi ci ando o cal cul o da distancia angular B, de acordo com
a Figura 4.38, a partir da somatoria das variacdes

angul ares correspondentes a:

a) Segnento de curva cT,P, entre o ponto P, e o inicio do
subsetor tP;

b) Segmentos de curva cs, dos subsetores encontrados a
partir de (tP-1) até 1, no sentido horéario dentro do
setor sP;

c) Segnentos de curva c, dos setores encontrados a partir
de (sP-1) até 1, no sentido horario, enquanto nao
identificar o setor do ponto P, ou seja, enquanto a
diferenca Ad for maior do que conprinmento do segnento
de curva do setor i;

d) Segnentos de curva c, dos setores encontrados a partir
de 4m até sP,, caso a busca prossiga apés o setor 1, no
sentido horario, enquanto ndo identificar o setor do
ponto P, ou seja, enquanto a diferenca Ad for mmior do
gque conprinento do segnento de curva do setor i;

e) Segnmentos de curva cs;, dos subsetores encontrados a
partir de n até 1, no sentido horario dentro do setor
identificado do ponto P, enquanto n&o determnar o
subsetor do ponto P, ou seja, enquanto a diferenca Ad
for maior do que conprinmento do segnento de curva do
subsetor j; e
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f) Segmento de curva relativo a diferengca Ad no subsetor
identificado conb o que contém o ponto P..

v

Fig. 4.38 — Somat 6ria das variacdes angul ares: caso F

O seguinte algoritno apresenta um exenplo de
i npl enent acdo em pseudocodi go:

cTP -0
=S -)-5,
CStPa ‘
d,=cS,P,
varre os setores i, variando i de sP-1 até sP;: horario
{
Ad=d-d,
se (Adﬁci), i corresponde ao setor do ponto P_:
divide o setor i emn subsetores
varre os subsetores j do setor i, variando j de n até 1
{
Ad=d-d,
se (AdScs(,), j corresponde ao subsetor do ponto P
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: Ad -0, .
increnmenta B, em *~ e sai do lago
cs

j
caso contrario, j ndo corresponde ao subsetor do ponto P
increnmenta B, em o

i ncrenment a dp em cs;

}

caso contrario, i nédo corresponde ao setor do ponto P:
incrementa B, em o6

incrementa d, em ¢,
}
B=5,

Na convergéncia dos céalculos de angulo, cabe
ressaltar que, enbora tenham sido efetuados al guns passos
interativos para a identificacdo do térmno do processo,
novanente, foram utilizadas variaveis pré-determ nadas de
m n e o para possibilitar resultados controlados e
anal i ses conparativas.

4.9.5 — DETERM NACAO DA NOVA POSI CAO

Fi nal nente, apd6s a determinacdo da variacao
angular B, relativa ao deslocanento d, na direcdo o, a
partir da posicdo geografica inicial (¢,A,h), obtémse o
pont o final P(X,¥Y.,2Z,), correspondent e a posi ¢ao
geografica procurada (¢, A, h,), através dos conceitos de
rotacédo apresentados na secédo 4. 8.
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CAPI TULO 5

AVALI ACAO DO SI STEMA DE PRQIECAO GPR

5.1 - | NTRODUCAO

As teécnicas matematicas propostas no Sistena
de Projecdo GPR foram inplenmentadas em Linguagem Java e
testadas exaustivanente no anbiente operacional Linux. A
sua utilizacdo denonstrou ser total nente viavel em sistenas
de tenpo real, entretanto, os resultados devem ser
anal i sados estatisticanente a fim de permtirem um
perfeita avaliacdo dos erros obtidos com o método.

Tendo em vista que o novo sistena de projecao
possui caracteristicas totalnente distintas dos demais
sistemas de projecdo cartografica, tais conp continui dade
das informagcdes e precisdao sinultadnea em azinmute e
di st anci a, optou-se por analisar os resultados a partir dos
erros encontrados entre as solucdes dos problemas direto e
i nver so.

Por outro |ado, conb esse sistema de projecéo
viabiliza variaveis para controlar a nagnitude da precisao
dos resul tados, os trabal hos de anéalise foram efetuados em
duas situacbes distintas: na prineira, foram enpregadas
varias posicOes geodésicas conp referéncia inicial e
vari aveis de controle fixas e, na segunda, foi utilizada
uma UGnica posicado geodésica de referéncia com distintas
vari avei s de control e.

Final nente, todos os calculos nmatematicos
foram inplenmentados com a estrutura de “datuni World
Geodetic System 84 (WGS-84), desenvolvida pela NASA,
conforme (Malys et al., 1997).
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5.2 — ANALI SE COM DI FERENTES POSI COES GEODESI CAS DE
REFERENCI A

5.2.1 — METODOLOG A

Na prineira fase da analise, a idéia basica
esta calcada na obtencdo de erros de altitude, azinute e
distancia, a partir da solucdo dos problemas direto e
inverso, em trés partes distintas do globo terrestre, com
as mesmas vari aveis de controle me n.

Desta forma, o conceito do problena direto é
enpregado cono processo de ida, onde determ na-se una nova
posi cdo geodésica (¢, A, h), através do deslocanento d,, na
diregédo o, a partir da posicédo inicial (¢,A,h).

Sim | arnmente, 0 conceito literario do
problema inverso é utilizado conbp processo de retorno, no
qual calcula-se os valores da distancia d, e do azinute o,
entre as posicgbes geodésicas (¢,A,h) e (¢, A,h) do
processo anterior.

Para isto, inicialnmente, foram escolhidas
trés posicdes geodésicas a serem usadas conop ponto de
partida para os cal cul os matemati cos:

1. SBSJ: Aeroporto de Sado José dos Canpos — Brasil
Latitude: S 23° 17' 18,0"
Longitude: W 45° 52' 12,0"
Altitude: 646,1838575957083 m

2. KATL: Atl anta International Airport — USA
Latitude: N 33° 37' 11,0"
Longitude: W 84° 25' 48,0"
Altitude: 312,7286027798098 m
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3. EBBR: Brussels National Airport - England
Latitude: N 50° 54' 0,Q0"
Longitude: W 4° 29' 0,0"
Altitude: 1524,01853206535 m

A partir das posi cdes geodeési cas de
ref eréncia, foram efetuados os segui ntes passos:

Escol ha da posi¢édo geodésica inicial (¢,A,h);

Def i ni cdo das variaveis de controle me n;

Vari acdo de azinute e distancia de desl ocanento;

Cal cul o da nova posi cdo geodésica (¢, A, h), a partir dos
desl ocanent os defi ni dos;

B w e

5. Determ nacdo de azinmute e distancia entre as posicdes
geodeési cas;

6. ldentificacdo dos erros reais e percentuais de altitude,
azimute e distancia.

Os erros reais correspondem as diferencas
encontradas entre os valores de distéancia d, e d, e de
azimute o, e o, determ nados nas solugcbes dos problenmas
direto e i nverso, respecti vanment e, e, ai nda, as
desi gual dades de altitude entre as posicdes (¢,A,h) e
(d,,A,,h). Os erros percentuais equivalem as percentagens
de desvio em relacdo aos valores iniciais de distancia d,
azinmute o, e altitude h,.

Nesta fase, as variaveis de controle foram
fixadas em nm10 e n=10, o azinute de deslocanento sofreu
vari acoes de 0 a 360 graus, cominterval os de 18 graus, e a
di stanci a de desl ocanento teve una progressao geonetrica de
1 até 10.000.000 m com fator de progressdo 10. As tabel as
5.1, 5.2 e 5.3 descrevem os resultados obtidos com as
vari aveis de controle m10 e n=10 sobre as posicdes de
referéncia SBSJ, KATL e EBBR, respectivanente.
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VET

TABELA 5.1 — RESULTADOS OBTIDOS A PARTIR DA POSI CAO SBSJ, n¥10,

n=10

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
0,0 1,0|S 23° 17' 17,96749707" W 45° 52' 12,0" 646,1838575959 0,0000000000 0,9999895199 2,2737367544E-10| 0,0000000000E+00| -1,0480114724E-05 3,6187148792E-11| 0,0000000000E+00 -1,0480114724E-03
18,0 1,08 23° 17" 17,96908807" W 45° 52' 11,98912707" 646,1838575959 |  18,0000000800 0,9999903563 2,2737367544E-10| 8,0000000000E-08| -9,6437288448E-06 3,6187148792E-11| 4,4444444444E-07 -9,6437288448E-04
36,0 1,0|S 23° 17' 17,97370483" W 45° 52' 11,97931852" 646,1838575959 |  36,0000000900 0,9999936218 2,2737367544E-10| 9,0000000000E-08| -6,3781626523E-06 3,56187148792E-11| 2,5000000000E-07 -6,3781626523E-04
54,0 1,0|S 23° 17' 17,98089502" W 45° 52' 11,97153376" 646,1838575959 | 54,0000001000 1,0000186807 2,2737367544E-10| 1,0000000000E-07 | 1,8680701032E-05 3,6187148792E-11| 1,8518518519E-07 1,8680701032E-03
72,0 1,08 23° 17" 17,989956" W 45° 52' 11,96653619" 646,1838575959 | 72,0000000300 1,0000061300 2,2737367544E-10| 3,0000000000E-08| 6,1299651861E-06 3,6187148792E-11| 4, 7E-08 6,1299651861E-04
90,0 1,08 23° 17" 18,0" W 45° 52' 11,96481422" 646,1838575950 | 90,0000000500 1,0000102178 -7,0394889917E-10| 5,0000000000E-08| 1,0217761271E-05 -1,0893941266E-10| 5,5555555556E-08 1,0217761271E-03
108,0 1,0|S 23° 17" 18,010044" W 45° 52' 11,96653619" 646,1838575969 | 107,9999999900 1,0000061307 1,15686962501E-09 | -1,0000000000E-08 | 6,1306691350E-06 1,7931371024E-10| -9,2592592593E-09 6,1306691350E-04
126,0 1,0/S 23° 17' 18,01910498" W 45° 52' 11,97153375" 646,1838575959 | 125,9999999900 1,0000186808 2,2737367544E-10| -1,0000000000E-08| 1,8680817448E-05 3,56187148792E-11| -7,9365079365E-09 1,8680817448E-03
144,0 1,08 23° 17" 18,02629517" W 45° 52' 11,97931851" 646,1838575959 | 143,9999999300 0,9999936200 2,2737367544E-10| -7,0000000000E-08| -6,3800252974E-06 3,56187148792E-11| -4,8611111111E-08 -6,3800252974E-04
162,0 1,0/S 23° 17' 18,03091193" W 45° 52' 11,98912707" 646,1838575959 | 161,9999999000 0,9999903560 2,2737367544E-10| -1,0000000000E-07 | -9,6439616755E-06 3,6187148792E-11| -6,1728395062E-08 -9,6439616755E-04
180,0 1,0|S 23° 17" 18,03250293" W 45° 52' 12,0" 646,1838575950 | 180,0000000000 0,9999895213 -7,0394889917E-10| 0,0000000000E+00| -1,0478717741E-05 -1,0893941266E-10| 0,0000000000E+00 -1,0478717741E-03
198,0 1,0/823°17' 18,03091193" W 45° 52' 12,01087293" 646,1838575959 | 197,9999999200 0,9999903565 2,2737367544E-10| -8,0000000000E-08| -9,6434960142E-06 3,56187148792E-11| -4,0404040404E-08 -9,6434960142E-04
216,0 1,0]S 23° 17" 18,02629517" W 45° 52' 12,02068149" 646,1838575959 | 215,9999999200 0,9999936183 2,2737367544E-10| -8,0000000000E-08| -6,3816551119E-06 3,56187148792E-11| -3,7037037037E-08 -6,3816551119E-04
234,0 1,0/S 23° 17' 18,01910498" W 45° 52' 12,02846625" 646,1838575959 | 233,9999999300 1,0000186805 2,2737367544E-10| -7,0000000000E-08| 1,8680468202E-05 3,6187148792E-11| -2,9914529915E-08 1,8680468202E-03
252,0 1,0|S 23° 17" 18,010044" W 45° 52' 12,03346381" 646,1838575959 | 251, )0 1,0000061267 2,2737367544E-10| -8,0000000000E-08| 6,1267055571E-06 3,56187148792E-11| -3,1746031746E-08 6,1267055571E-04
270,0 1,08 23° 17" 18,0" W 45° 52' 12,03518578" 646,1838575950 | 269,9999999500 1,0000102148 -7,0394889917E-10| -5,0000000000E-08| 1,0214756613E-05 -1,0893941266E-10| -1,8518518519E-08 1,0214756613E-03
288,0 1,0|S 23° 17" 17,989956" W 45° 52' 12,03346381" 646,1838575959 | 287, 99600 1,0000061275 2,2737367544E-10| -4,0000000000E-08| 6,1274586187E-06 3,6187148792E-11| -1 08 6,1274586187E-04
306,0 1,0|S 23° 17' 17,98089502" W 45° 52' 12,02846624" 646,1838575959 | 305,9999999900 1,0000186781 2,2737367544E-10| -1,0000000000E-08| 1,8678139895E-05 3,6187148792E-11| -3,2679738562E-09 1,8678139895E-03
324,0 1,08 23°17' 17,97370483" W 45° 52' 12,02068148" 646,1838575959 | 324,0000000300 0,9999936167 2,2737367544E-10| 3,0000000000E-08| -6,3832849264E-06 3,6187148792E-11| 9,2592592593E-09 -6,3832849264E-04
342,0 1,0]S 23° 17' 17,96908807" W 45° 52' 12,01087293" 646,1838575959 | 342,0000000400 0,9999903513 2,2737367544E-10| 4,0000000000E-08| -9,6486764960E-06 3,56187148792E-11| 1,1695906433E-08 -9,6486764960E-04
0,0 10,0|S 23° 17' 17,67497074" W 45° 52' 12,0" 646,1838575959 0,0000000000 9,9998952135 2,2737367544E-10| 0,0000000000E+00| -1,0478653712E-04 3,56187148792E-11| 0,0000000000E+00 -1,0478653712E-03
18,0 10,0 S 23° 17" 17,69088073" W 45° 52' 11,89127073" 646,1838575950|  18,0000000000 9,9999035337 -7,0406258601E-10| 0,0000000000E+00| -9,6466275863E-05 -1,0895700623E-10| 0,0000000000E+00 -9,6466275863E-04
36,0 10,0|S 23° 17" 17,73704824" W 45° 52' 11,79318527" 646,1838575950 | 36,0000000100 9,9999361716 -7,0394889917E-10| 1,0000000000E-08| -6,3828425482E-05 -1,0893941266E-10| 2,7777777778E-08 -6,3828425482E-04
54,0 10,0|S 23° 17' 17,80895013" W 45° 52' 11,71533765" 646,1838575941| 54,0000000100 10,0001868361 -1,6352714738E-09| 1,0000000000E-08| 1,8683611415E-04 -2,56306597411E-10| 1,8518518519E-08 1,8683611415E-03
72,0 10,0|S 23° 17" 17,89955988" W 45° 52' 11,66536196" 646,1838575959 | 72,0000000000 10,0000613215 2,2737367544E-10| 0,0000000000E+00| 6,1321537942E-05 3,56187148792E-11| 0,0000000000E+00 6,1321537942E-04
90,0 10,0 S 23° 17" 17,99999989" W 45° 52' 11,64814222" 646,1838575969 | 90,0000000000 10,0001021373 1,1586962501E-09 | 0,0000000000E+00| 1,0213728861E-04 1,7931371024E-10| 0,0000000000E+00 1,0213728861E-03
108,0 10,0 S 23° 17" 18,10043992" W 45° 52' 11,66536183" 646,1838575959 | 108,0000000000 10,0000612653 2,2737367544E-10| 0,0000000000E+00| 6,1265291151E-05 3,56187148792E-11| 0,0000000000E+00 6,1265291151E-04
126,0 10,0|S 23° 17" 18,19104973" W 45° 52' 11,71533743" 646,1838575950 | 126,0000000000 10,0001867544 -7,0394889917E-10| 0,0000000000E+00| 1,8675439060E-04 -1,0893941266E-10| 0,0000000000E+00 1,8675439060E-03
144,0 10,0 S 23° 17" 18,26295168" W 45° 52' 11,79318504" 646,1838575959 | 143,9999999900 9,9999361960 2,2737367544E-10| -1,0000000000E-08| -6,3803978264E-05 3,56187148792E-11| -6,9444444444E-09 -6,3803978264E-04
162,0 10,0|S 23° 17" 18,30911924" W 45° 52' 11,89127059" 646,1838575959 | 161,9999999900 9,9999035441 2,2737367544E-10| -1,0000000000E-08| -9,6455856692E-05 3,56187148792E-11| -6,1728395062E-09 -9,6455856692E-04
180,0 10,0|S 23° 17' 18,32502925" W 45° 52'12,0" 646,1838575959 | 180,0000000000 9,9998952003 2,2737367544E-10| 0,0000000000E+00| -1,0479969205E-04 3,6187148792E-11| 0,0000000000E+00 -1,0479969205E-03
198,0 10,0|S 23° 17" 18,30911924" W 45° 52' 12,10872941" 646,1838575959 | 197,9999999900 9,9999035446 2,2737367544E-10| -1,0000000000E-08| -9,6455449238E-05 3,56187148792E-11| -5,0505050505E-09 -9,6455449238E-04
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Cont i nuacao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
216,0 10,0|S 23° 17' 18,26295168" W 45° 52' 12,20681496" 646,1838575959 | 216,0000000000 9,9999361972 2,2737367544E-10| 0,0000000000E+00| -6,3802814111E-05 3,6187148792E-11| 0,0000000000E+00 -6,3802814111E-04
234,0 10,0|S 23° 17" 18,19104973" W 45° 52' 12,28466257" 646,1838575950 | 233,9999999900 10,0001867514 -7,0394889917E-10| -1,0000000000E-08| 1,8675136380E-04 -1,0893941266E-10| -4,2735042735E-09 1,8675136380E-03
252,0 10,0|S 23° 17' 18,10043992" W 45° 52' 12,33463817" 646,1838575959 | 252,0000000000 10,0000612647 2,2737367544E-10| 0,0000000000E+00| 6,1264727265E-05 3,5187148792E-11| 0,0000000000E+00 6,1264727265E-04
270,0 10,0|S 23° 17" 17,99999989" W 45° 52' 12,35185778" 646,1838575959 | 270,0000000000 10,0001021365 2,2737367544E-10| 0,0000000000E+00| 1,0213651694E-04 3,5187148792E-11| 0,0000000000E+00 1,0213651694E-03
288,0 10,0|S 23° 17" 17,89955988" W 45° 52' 12,33463804" 646,1838575959 | 288,0000000000 10,0000613195 2,2737367544E-10| 0,0000000000E+00| 6,1319500674E-05 3,5187148792E-11| 0,0000000000E+00 6,1319500674E-04
306,0 10,0|S 23° 17' 17,80895013" W 45° 52' 12,28466235" 646,1838575959 | 306,0000000000 10,0001868329 2,2737367544E-10| 0,0000000000E+00| 1,8683285452E-04 3,5187148792E-11| 0,0000000000E+00 1,8683285452E-03
324,0 10,0|S 23° 17' 17,73704824" W 45° 52' 12,20681473" 646,1838575969 | 324,0000000000 9,9999361738 1,15686962501E-09 | 0,0000000000E+00| -6,3826213591E-05 1,7931371024E-10| 0,0000000000E+00 -6,3826213591E-04
342,0 10,0|S 23° 17" 17,69088073" W 45° 52' 12,10872927" 646,1838575950 | 342,0000000100 9,9999035312 -7,0406258601E-10| 1,0000000000E-08 | -9,6468778793E-05 -1,0895700623E-10| 2,9239766082E-09 -9,6468778793E-04
0,0 100,0|S 23° 17' 14,74970718" W 45° 52" 12,0" 646,1838575950 0,0000000000 99,9989525893 -7,0428995969E-10| 0,0000000000E+00| -1,0474106530E-03 -1,0899219338E-10| 0,0000000000E+00 -1,0474106530E-03
18,0 100,0|S 23° 17' 14,90880618" W 45° 52' 10,91271354" 646,1838575978| 18,0000000000 99,9990347346 2,0896777642E-09 | 0,0000000000E+00| -9,6526538255E-04 3,2338749097E-10| 0,0000000000E+00 -9,6526538255E-04
36,0 100,0|S 23° 17' 15,37047886" W 45° 52' 9,93186275" 646,1838575969| 36,0000000000 99,9993606057 1,1583551895E-09 | 0,0000000000E+00| -6,3939427491E-04 1,7926092952E-10| 0,0000000000E+00 -6,3939427491E-04
54,0 100,0|S 23° 17' 16,0894948" W 45° 52' 9,15338663" 646,1838575950| 54,0000000000 100,0018719437 -7,0417627285E-10| 0,0000000000E+00| 1,8719437066E-03 -1,0897459981E-10| 0,0000000000E+00 1,8719437066E-03
72,0 100,0|S 23° 17' 16,99558995" W 45° 52' 8,65362588" 646,1838575950| 72,0000000000 100,0006156329 -7,0406258601E-10| 0,0000000000E+00| 6,1563285999E-04 -1,0895700623E-10| 0,0000000000E+00 6,1563285999E-04
90,0 100,0|S 23° 17' 17,9999891" W 45° 52' 8,48142224" 646,1838575978| 90,0000000000 100,0010186008 2,0900188247E-09 | 0,0000000000E+00| 1,0186007863E-03 3,2344027170E-10| 0,0000000000E+00 1,0186007863E-03
108,0 100,0|S 23° 17' 19,00439029" W 45° 52' 8,65361201" 646,1838575959 | 108,0000000000 100,0006102387 2,2748736228E-10| 0,0000000000E+00| 6,1023866147E-04 3,5204742367E-11| 0,0000000000E+00 6,1023866147E-04
126,0 100,0|S 23° 17' 19,91049077" W 45° 52' 9,15336419" 646,1838575959 | 126,0000000000 100,0018639627 2,2760104912E-10| 0,0000000000E+00| 1,8639627378E-03 3,5222335941E-11| 0,0000000000E+00 1,8639627378E-03
144,0 100,0|S 23° 17' 20,62951329" W 45° 52' 9,93184031" 646,1838575959 | 144,0000000000 99,9993631053 2,2771473596E-10| 0,0000000000E+00| -6,3689472154E-04 3,6239929515E-11| 0,0000000000E+00 -6,3689472154E-04
162,0 100,0|S 23° 17' 21,09119129" W 45° 52' 10,91269967" 646,1838575959 | 162,0000000000 99,9990360354 2,2771473596E-10| 0,0000000000E+00| -9,6396455774E-04 3,5239929515E-11| 0,0000000000E+00 -9,6396455774E-04
180,0 100,0|S 23° 17' 21,25029232" W 45° 52" 12,0" 646,1838575941| 180,0000000000 99,9989515312 -1,6349304133E-09| 0,0000000000E+00| -1,0484687518E-03 -2,5301319339E-10| 0,0000000000E+00 -1,0484687518E-03
198,0 100,0|S 23° 17' 21,09119129" W 45° 52' 13,08730033" 646,1838575959 | 198,0000000000 99,9990360350 2,2771473596E-10| 0,0000000000E+00| -9,6396496519E-04 3,5239929515E-11| 0,0000000000E+00 -9,6396496519E-04
216,0 100,0|S 23° 17' 20,62951329" W 45° 52' 14,06815969" 646,1838575959 | 216,0000000000 99,9993631014 2,2771473596E-10| 0,0000000000E+00| -6,3689856324E-04 3,6239929515E-11| 0,0000000000E+00 -6,3689856324E-04
234,0 100,0|S 23° 17' 19,91049077" W 45° 52' 14,84663581" 646,1838575969 | 234,0000000000 100,0018639548 1,1589236237E-09| 0,0000000000E+00| 1,8639548216E-03 1,7934889739E-10| 0,0000000000E+00 1,8639548216E-03
252,0 100,0|S 23° 17' 19,00439029" W 45° 52' 15,34638799" 646,1838575959 | 252,0000000000 100,0006102319 2,2748736228E-10| 0,0000000000E+00| 6,1023188755E-04 3,5204742367E-11| 0,0000000000E+00 6,1023188755E-04
270,0 100,0|S 23° 17' 17,9999891" W 45° 52' 15,51857776" 646,1838575959 | 270,0000000000 100,0010185984 2,2737367544E-10| 0,0000000000E+00| 1,0185984165E-03 3,6187148792E-11| 0,0000000000E+00 1,0185984165E-03
288,0 100,0|S 23° 17" 16,99558995" W 45° 52' 15,34637412" 646,1838575959 | 288,0000000000 100,0006156282 2,2725998861E-10| 0,0000000000E+00| 6,1562817245E-04 3,5169555218E-11| 0,0000000000E+00 6,1562817245E-04
306,0 100,0|S 23° 17' 16,0894948" W 45° 52' 14,84661337" 646,1838575950 | 306,0000000000 100,0018719418 -7,0417627285E-10| 0,0000000000E+00| 1,8719418440E-03 -1,0897459981E-10| 0,0000000000E+00 1,8719418440E-03
324,0 100,0|S 23° 17' 15,37047886" W 45° 52' 14,06813725" 646,1838575969 | 324,0000000000 99,9993606056 1,1583551895E-09 | 0,0000000000E+00| -6,3939439133E-04 1,7926092952E-10| 0,0000000000E+00 -6,3939439133E-04
342,0 100,0|S 23° 17' 14,90880618" W 45° 52' 13,08728646" 646,1838575969 | 342,0000000000 99,9990347333 1,1583551895E-09 | 0,0000000000E+00| -9,6526666312E-04 1,7926092952E-10| 0,0000000000E+00 -9,6526666312E-04
0,0 1000,0|S 23° 16' 45,4970494" W 45° 52" 12,0" 646,1838575959 0,0000000000 999,9895751589 2,2362200980E-10| 0,0000000000E+00| -1,0424841079E-02 3,4606560837E-11| 0,0000000000E+00 -1,0424841079E-03
18,0 1000,0 | S 23° 16' 47,08794787" W 45° 52' 1,12775934" 646,1838575959| 18,0000000000 999,9902908085 2,2384938347E-10| 0,0000000000E+00| -9,7091915086E-03 3,4641747986E-11| 0,0000000000E+00 -9,7091915086E-04
36,0 1000,0 | S 23° 16' 51,70443511" W 45° 51' 51,31963718" 646,1838575969 | 36,0000000000 999,9934956222 1,15666267054E-09 | 0,0000000000E+00| -6,5043778159E-03 1,7883868374E-10| 0,0000000000E+00 -6,5043778159E-04
54,0 1000,0|S 23° 16' 58,89429831" W 45° 51' 43,53487606" 646,1838575978| 54,0000000000 1000,0190805325 2,0878587748E-09| 0,0000000000E+00| 1,9080532482E-02 3,2310599378E-10| 0,0000000000E+00 1,9080532482E-03
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Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
72,0 1000,0|S 23° 17' 7,9550102" W 45° 51' 38,53688292" 646,1838575969 | 72,0000000000 1000,0064011288 1,1575593817E-09 | 0,0000000000E+00| 6,4011288341E-03 1,7913777450E-10| 0,0000000000E+00 6,4011288341E-04
90,0 1000,0|S 23° 17" 17,99891016" W 45° 51' 36,81422243" 646,1838575959| 90,0000000000 1000,0099114196 2,2737367544E-10| 0,0000000000E+00| 9,9114195980E-03 3,5187148792E-11| 0,0000000000E+00 9,9114195980E-04
108,0 1000,0|S 23° 17' 28,0430135" W 45° 51' 38,53549597" 646,1838575941| 108,0000000000 1000,0058616009 -1,6340209186E-09| 0,0000000000E+00| 5,8616008555E-03 -2,5287244479E-10| 0,0000000000E+00 5,8616008555E-04
126,0 1000,0|S 23° 17' 37,10425785" W 45° 51' 43,5326319" 646,1838575959 | 126,0000000000 1000,0182825616 2,2964741220E-10| 0,0000000000E+00| 1,8282561563E-02 3,5539020280E-11| 0,0000000000E+00 1,8282561563E-03
144,0 1000,0|S 23° 17' 44,2947793" W 45° 51' 51,31739312" 646,1838575969 | 144,0000000000 999,9937455120 1,1617657947E-09| 0,0000000000E+00| -6,2544880202E-03 1,7978873675E-10| 0,0000000000E+00 -6,2544880202E-04
162,0 1000,0 | S 23° 17' 48,91179901" W 45° 52' 1,12637243" 646,1838575969 | 162,0000000000 999,9904209161 1,1623342289E-09 | 0,0000000000E+00| -9,5790839405E-03 1,7987670463E-10| 0,0000000000E+00 -9,5790839405E-04
180,0 1000,0 | S 23° 17' 50,50290086" W 45° 52' 12,0" 646,1838575959 | 179,9999991500 999,9894700845 2,3112534109E-10 | -8,5000000000E-07 | -1,0529915453E-02 3,6767736747E-11| -4,7222222222E-07 -1,0529915453E-03
198,0 1000,0|S 23° 17' 48,91179901" W 45° 52' 22,87362757" 646,1838575959 | 198,0000000000 999,9904209136 2,3101165425E-10| 0,0000000000E+00| -9,5790864434E-03 3,5750143173E-11| 0,0000000000E+00 -9,5790864434E-04
216,0 1000,0|S 23° 17' 44,2947793" W 45° 52" 32,68260688" 646,1838575959 | 216,0000000000 999,9937455135 2,3044322006E-10| 0,0000000000E+00| -6,2544865068E-03 3,5662175301E-11| 0,0000000000E+00 -6,2544865068E-04
234,0 1000,0 | S 23° 17' 37,10425785" W 45° 52' 40,4673681" 646,1838575959 | 234,0000000000 1000,0182825597 2,2953372536E-10| 0,0000000000E+00| 1,8282559700E-02 3,6521426706E-11| 0,0000000000E+00 1,8282559700E-03
252,0 1000,0|S 23° 17' 28,0430135" W 45° 52' 45,46450403" 646,1838575969 | 252,0000000000 1000,0058615990 1,1598331184E-09| 0,0000000000E+00| 5,8615989983E-03 1,7948964599E-10| 0,0000000000E+00 5,8615989983E-04
270,0 1000,0|S 23° 17" 17,99891016" W 45° 52' 47,18577757" 646,1838575959 | 270,0000000000 1000,0099114159 2,2737367544E-10| 0,0000000000E+00| 9,9114158968E-03 3,5187148792E-11| 0,0000000000E+00 9,9114158968E-04
288,0 1000,0|S 23° 17' 7,9550102" W 45° 52' 45,46311708" 646,1838575969 | 288,0000000000 1000,0064011276 1,1575593817E-09| 0,0000000000E+00| 6,4011275863E-03 1,7913777450E-10| 0,0000000000E+00 6,4011275863E-04
306,0 1000,0 | S 23° 16' 58,89429831" W 45° 52' 40,46512394" 646,1838575959 | 306,0000000000 1000,0190805283 2,2509993869E-10 | 0,0000000000E+00| 1,9080528291E-02 3,4835277304E-11| 0,0000000000E+00 1,9080528291E-03
324,0 1000,0|S 23° 16' 51,70443511" W 45° 52' 32,68036282" 646,1838575969 | 324,0000000000 999,9934956209 1,1556267054E-09| 0,0000000000E+00| -6,5043790964E-03 1,7883868374E-10| 0,0000000000E+00 -6,5043790964E-04
342,0 1000,0 | S 23° 16' 47,08794787" W 45° 52' 22,87224066" 646,1838575959 | 342,0000000000 999,9902908114 2,2384938347E-10| 0,0000000000E+00| -9,7091885982E-03 3,4641747986E-11| 0,0000000000E+00 -9,7091885982E-04
0,0 10000,0 | S 23° 11' 52,96825825" W 45° 52' 12,0" 646,1838575950 0,0000000000 9999,9025095972 -7,4192030297E-10 | 0,0000000000E+00| -9,7490402812E-02 -1,1481566651E-10| 0,0000000000E+00 -9,7490402812E-04
18,0 10000,0 | S 23° 12' 8,86810853" W 45° 50" 23,33988265" 646,1838575959| 18,0000000000 9999,8990777769 1,9122126105E-10| 0,0000000000E+00 | -1,009: 306E-01 2,9592392134E-11| 0,0000000000E+00 -1,0092222306E-03
36,0 10000,0 | S 23° 12' 55,00905702" W 45° 48' 45,29719515" 646,1838575950| 36,0000000000 9999,9257406215 -7,3475803219E-10| 0,0000000000E+00| -7,4259378482E-02 -1,1370727132E-10| 0,0000000000E+00 -7,4259378482E-04
54,0 10000,0 | S 23° 14' 6,88064688" W 45° 47' 27,45345739" 646,1838575968 | 54,0000000000 10000,0571333347 1,1364136299E-09| 0,0000000000E+00| 5,7133334758E-02 1,7586536966E-10| 0,0000000000E+00 5,7133334758E-04
72,0 10000,0 | S 23° 15' 37,46122504" W 45° 46' 37,43124637" 646,1838575959 | 72,0000000000 10000,0903302747 2,1555024432E-10 | 0,0000000000E+00| 9,0330274776E-02 3,3357417055E-11| 0,0000000000E+00 9,0330274776E-04
90,0 10000,0 | S 23° 17' 17,89101619" W 45° 46' 20,14227647" 646,1838575959| 90,0000000000 10000,0734833317 2,2737367544E-10| 0,0000000000E+00| 7,3483331764E-02 3,5187148792E-11| 0,0000000000E+00 7,3483331764E-04
108,0 10000,0 | S 23° 18' 58,34114467" W 45° 46' 37,29255199" 646,1838575969 | 108,0000000000 10000,0363670313 1,1705196812E-09| 0,0000000000E+00| 3,6367031342E-02 1,8114344198E-10| 0,0000000000E+00 3,6367031342E-04
126,0 10000,0 | S 23° 20' 28,9775274" W 45° 47' 27,22523582" 646,1838575960 | 126,0000000000 10000,1489468548 2,4976998247E-10| 0,0000000000E+00| 1,4894685487E-01 3,8653082948E-11| 0,0000000000E+00 1,4894685487E-03
144,0 10000,0 | S 23° 21' 40,9164657" W 45° 48' 45,06957326" 646,1838575960 | 144,0000000000 10000,0903614525 2,5829649530E-10| 0,0000000000E+00| 9,0361452545E-02 3,9972601028E-11| 0,0000000000E+00 9,0361452545E-04
162,0 10000,0 | S 23° 22' 27,10657894" W 45° 50' 23,20119088" 646,1838575950 | 162,0000000000 9999,9120935057 -6,6756911110E-10| 0,0000000000E+00| -8,7906494271E-02 -1,0330946885E-10| 0,0000000000E+00 -8,7906494271E-04
180,0 10000,0 | S 23° 22' 43,02676805" W 45° 52' 12,0" 646,1838575950 | 180,0000000000 9999,8920021948 -6,6575012170E-10| 0,0000000000E+00 | -1,0799780523E-01 -1,0302797166E-10| 0,0000000000E+00 -1,0799780523E-03
198,0 10000,0 | S 23° 22' 27,10657894" W 45° 54' 0,79880912" 646,1838575950 | 198,0000000000 9999,9120934994 -6,6756911110E-10| 0,0000000000E+00| -8,7906500557E-02 -1,0330946885E-10| 0,0000000000E+00 -8,7906500557E-04
216,0 10000,0 | S 23° 21' 40,9164657" W 45° 55' 38,93042674" 646,1838575960 | 216,0000000000 10000,0903614483 2,5829649530E-10| 0,0000000000E+00| 9,0361448354E-02 3,9972601028E-11| 0,0000000000E+00 9,0361448354E-04
234,0 10000,0 | S 23° 20' 28,97752741" W 45° 56' 56,77476418" 646,1838575969 | 234,0000000000 10000,1489468520 1,1810925571E-09 | 0,0000000000E+00| 1,4894685207E-01 1,8277964440E-10| 0,0000000000E+00 1,4894685207E-03
252,0 10000,0 | S 23° 18' 58,34114467" W 45° 57' 46,70744801" 646,1838575969 | 252,0000000000 10000,0363753587 1,1705196812E-09 | 0,0000000000E+00| 3,6375358701E-02 1,8114344198E-10| 0,0000000000E+00 3,6375358701E-04
270,0 10000,0 S 23° 17' 17,89101619" W 45° 58' 3,85772353" 646,1838575969 | 270,0000000000 10000,0734833273 1,1586962501E-09| 0,0000000000E+00| 7,3483327398E-02 1,7931371024E-10| 0,0000000000E+00 7,3483327398E-04
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288,0 10000,0 | S 23° 15' 37,46122504" W 45° 57' 46,56875363" 646,1838575959 | 288,0000000000 10000,0903198000 2,1555024432E-10 | 0,0000000000E+00| 9,0319800096E-02 3,3357417055E-11| 0,0000000000E+00 9,0319800096E-04
306,0 10000,0 | S 23° 14' 6,88064688" W 45° 56' 56,54654261" 646,1838575959 | 306,0000000000 10000,0571333310 2,0509105525E-10 | 0,0000000000E+00| 5,7133331089E-02 3,1738808211E-11| 0,0000000000E+00 5,7133331089E-04
324,0 10000,0| S 23° 12' 55,00905702" W 45° 55' 38,70280485" 646,1838575950 | 324,0000000000 9999,9257406224 -7,3475803219E-10| 0,0000000000E+00| -7,4259377550E-02 -1,1370727132E-10| 0,0000000000E+00 -7,4259377550E-04
342,0 10000,0 | S 23° 12' 8,86810853" W 45° 54' 0,66011735" 646,1838575959 | 342,0000000000 9999,8990830621 1,9122126105E-10 | 0,0000000000E+00| -1,0091693792E-01 2,9592392134E-11| 0,0000000000E+00 -1,0091693792E-03
0,0 100000,0 | S 22° 23' 7,494835" W 45° 52'12,0" 646,1838575965 0,0000000000 100000,0133048290 7,8898665379E-10| 0,0000000000E+00| 1,3304829947E-02 1,2209940631E-10| 0,0000000000E+00 1,3304829947E-05
18,0 100000,0| S 22° 25' 45,57358269" W 45° 34' 11,52296355" 646,1838575956 |  18,0000000000 100000,0062317020 -1,2482814782E-10| 0,0000000000E+00| 6,2317029806E-03 -1,9317744687E-11| 0,0000000000E+00 6,2317029806E-06
36,0 100000,0 | S 22° 33' 24,61638577" W 45° 17' 54,91444326" 646,1838575956 | 36,0000000000 100000,0025205350 -7,3896444519E-11| 0,0000000000E+00| 2,5205351267E-03 -1,1435823357E-11| 0,0000000000E+00 2,5205351267E-06
54,0 100000,0 | S 22° 45' 20,40001183" W 45° 4' 56,5553171" 646,1838575976 | 54,0000000000 99999,9976767449 1,8692389858E-09 | 0,0000000000E+00| -2,3232550884E-03 2,8927355022E-10| 0,0000000000E+00 -2,3232550884E-06
72,0 100000,0 | S 23° 0' 23,78506948" W 44° 56' 32,58834748" 646,1838575949 | 72,0000000000 99999,9983025399 -8,2172846305E-10| 0,0000000000E+00| -1,6974600876E-03 -1,2716635573E-10| 0,0000000000E+00 -1,6974600876E-06
90,0 100000,0 | S 23° 17' 7,10195888" W 44° 53' 33,47497871" 646,1838575969| 90,0000000000 99999,9984984947 1,15674456948E-09 | 0,0000000000E+00| -1,5015052486E-03 1,7912018093E-10| 0,0000000000E+00 -1,56015052486E-06
108,0 100000,0 | S 23° 33' 52,46326146" W 44° 56' 18,68352906" 646,1838575942 | 108,0000000000 99999,9985193510 -1,5177192836E-09| 0,0000000000E+00| -1,4806489926E-03 -2,3487421819E-10| 0,0000000000E+00 -1,4806489926E-06
126,0 100000,0 | S 23° 49' 1,20064348" W 45° 4' 34,05559242" 646,1838575943 | 126,0000000000 99999,9976312775 -1,4086936062E-09 | 0,0000000000E+00| -2,3687224602E-03 -2,1800198034E-10| 0,0000000000E+00 -2,3687224602E-06
144,0 100000,0|S 24° 1' 3,60715332" W 45° 17" 32,40766227" 646,1838575953 | 144,0000000000 100000,0025237580 -3,8949110603E-10| 0,0000000000E+00| 2,5237580994E-03 -6,0275585881E-11| 0,0000000000E+00 2,5237580994E-06
162,0 100000,0 | S 24° 8' 48,00647805" W 45° 33' 57,61164375" 646,1838575944 | 162,0000000000 100000,0061527660 -1,2637428881E-09 | 0,0000000000E+00| 6,1527667567E-03 -1,9557017299E-10 | 0,0000000000E+00 6,1527667567E-06
180,0 100000,0 | S 24° 11' 28,13127777" W 45° 52'12,0" 646,1838575954 | 180,0000000000 100000,0129636570 -3,1275249057E-10| 0,0000000000E+00| 1,2963657500E-02 -4,8399923164E-11| 0,0000000000E+00 1,2963657500E-05
198,0 100000,0| S 24° 8' 48,00647805" W 46° 10' 26,38835625" 646,1838575954 | 198,0000000000 100000,0061527670 -3,3242031350E-10| 0,0000000000E+00| 6,1527675716E-03 -5,1443611534E-11| 0,0000000000E+00 6,1527675716E-06
216,0 100000,0 | S 24° 1' 3,60715332" W 46° 26' 51,59233773" 646,1838575953 | 216,0000000000 100000,0025237550 -3,8949110603E-10 | 0,0000000000E+00| 2,5237555383E-03 -6,0275585881E-11| 0,0000000000E+00 2,5237555383E-06
234,0 100000,0 | S 23° 49' 1,20064348" W 46° 39' 49,94440758" 646,1838575952 | 234,0000000000 99999,9976312739 -4,7737103159E-10| 0,0000000000E+00| -2,3687260691E-03 -7,3875418889E-11| 0,0000000000E+00 -2,3687260691E-06
252,0 100000,0 | S 23° 33' 52,46326146" W 46° 48' 5,31647094" 646,1838575961 | 252,0000000000 99999,9982332108 3,4481217881E-10| 0,0000000000E+00| -1,7667891225E-03 5,3361311143E-11| 0,0000000000E+00 -1,7667891225E-06
270,0 100000,0|S 23° 17' 7,10195888" W 46° 50' 50,52502129" 646,1838575959 | 270,0000000000 99999,9984984880 2,2612312023E-10| 0,0000000000E+00| -1,5015119134E-03 3,4993619474E-11| 0,0000000000E+00 -1,5015119134E-06
288,0 100000,0 | S 23° 0' 23,78507221" W 46° 47' 51,41164363" 646,1838575949 | 288,0000000000 99999,9977692322 -8,2172846305E-10 | 0,0000000000E+00| -2,2307677282E-03 -1,2716635573E-10| 0,0000000000E+00 -2,2307677282E-06
306,0 100000,0 | S 22° 45' 20,40001183" W 46° 39' 27,4446829" 646,1838575948 | 306,0000000000 99999,9976767427 -9,2472873803E-10| 0,0000000000E+00| -2,3232572566E-03 -1,4310613414E-10| 0,0000000000E+00 -2,3232572566E-06
324,0 100000,0| S 22° 33' 24,61638577" W 46° 26' 29,08555674" 646,1838575956 | 324,0000000000 100000,0025205350 -7,3896444519E-11| 0,0000000000E+00| 2,5205350539E-03 -1,1435823357E-11| 0,0000000000E+00 2,5205350539E-06
342,0 100000,0 | S 22° 25' 45,57358269" W 46° 10' 12,47703645" 646,1838575956 | 342,0000000000 100000,0062317000 -1,2482814782E-10| 0,0000000000E+00| 6,2317009433E-03 -1,9317744687E-11| 0,0000000000E+00 6,2317009433E-06
0,0 1000000,0 | S 14° 15' 18,06505165" W 45° 52' 12,0" 646,1838575961 0,0000000000 999999,1100379630 4,3144154915E-10 | 0,0000000000E+00| -8,8996203616E-01 6,6767614833E-11| 0,0000000000E+00 -8,8996203616E-05
18,0 1000000,0 | S 14° 40' 23,32010779" W 43° 0'41,40784972" 646,1838575934 | 18,0000000000| 1000000,0630051200 -2,2965878088E-09 | 0,0000000000E+00| 6,3005125034E-02 -3,56540779638E-10| 0,0000000000E+00 6,3005125034E-06
36,0 1000000,0 | S 15° 53' 27,86019042" W 40° 23' 43,3542052" 646,1838575964 | 36,0000000000| 1000000,0231218200 7,1736394602E-10 | 0,0000000000E+00| 2,3121828097E-02 1,1101545444E-10| 0,0000000000E+00 2,3121828097E-06
54,0 1000000,0|S 17° 48'9,317809" W 38° 14' 53,25641401" 646,1838575959 | 54,0000000000| 1000000,1315373100 2,1941559680E-10| 0,0000000000E+00| 1,3153731055E-01 3,3955598584E-11| 0,0000000000E+00 1,3153731055E-05
72,0 1000000,0 | S 20° 14' 24,55840656" W 36° 46' 2,22331818" 646,1838575948 | 72,0000000000 999999,9865480510 -9,2575191957E-10| 0,0000000000E+00| -1,3451948646E-02 -1,4326447631E-10| 0,0000000000E+00 -1,3451948646E-06
90,0 1000000,0 | S 22° 59' 11,58811928" W 36° 6' 38,71609539" 646,1838575967 | 90,0000000000 999999,9838891140 1,0327312339E-09 | 0,0000000000E+00| -1,6110886005E-02 1,5982002981E-10| 0,0000000000E+00 -1,6110886005E-06
108,0 1000000,0 | S 25° 47' 18,11737824" W 36° 23' 4,52477132" 646,1838575952| 108,0000000000 999999,9796814530 -5,0499693316E-10| 0,0000000000E+00| -2,0318547031E-02 -7,8150657467E-11| 0,0000000000E+00 -2,0318547031E-06
126,0 1000000,0 | S 28° 22' 19,99706519" W 37° 37' 25,41041314" 646,1838575965 | 126,0000000000 999999,9753523240 7,8648554336E-10| 0,0000000000E+00| -2,4647675571E-02 1,2171234767E-10| 0,0000000000E+00 -2,4647675571E-06
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144,0 1000000,0 | S 30° 28' 1,29412857" W 39° 45' 51,89965817" 646,1838575948 | 144,0000000000| 1000000,0235725200 -9,1608853836E-10 | 0,0000000000E+00| 2,3572522332E-02 -1,4176902248E-10| 0,0000000000E+00 2,3572522332E-06
162,0 1000000,0 | S 31° 50' 7,01503478" W 42° 37' 5,50777574" 646,1838575946 | 162,0000000000| 1000000,0553156100 -1,1361862562E-09 | 0,0000000000E+00| 5,5315613165E-02 -1,7583018251E-10| 0,0000000000E+00 5,5315613165E-06
180,0 1000000,0 | S 32° 18' 40,7565741" W 45° 52" 12,0" 646,1838575948 | 179,9999991500| 1000000,1112221000 -8,9187324193E-10| -8,5000000000E-07 | 1,1122210114E-01 -1,3802159114E-10 | -4,7222222222E-07 1,1122210114E-05
198,0 1000000,0 | S 31° 50' 7,01503478" W 49° 7' 18,49222426" 646,1838575964 | 198,0000000000| 1000000,0553156100 7,2645889304E-10| 0,0000000000E+00| 5,5315616075E-02 1,1242294039E-10| 0,0000000000E+00 5,5315616075E-06
216,0 1000000,0 | S 30° 28' 1,29412857" W 51° 58' 32,10034183" 646,1838575957 | 216,0000000000| 1000000,2457612300 1,5234036255E-11| 0,0000000000E+00| 2,4576123198E-01 2,3575389691E-12| 0,0000000000E+00 2,4576123198E-05
234,0 1000000,0 | S 28° 22' 19,99998308" W 54° 6' 58,59478169" 646,1838575946 | 234,0000000000| 1000000,1429296900 -1,0761596059E-09| 0,0000000000E+00| 1,4292969671E-01 -1,6654077523E-10| 0,0000000000E+00 1,4292969671E-05
252,0 1000000,0 | S 25° 47' 18,11737824" W 55° 21' 19,47522868" 646,1838575971 | 252,0000000000 999999,9796814510 1,3576482161E-09 | 0,0000000000E+00| -2,0318548311E-02 2,1010246544E-10| 0,0000000000E+00 -2,0318548311E-06
270,0 1000000,0 | S 22° 59' 11,58811928" W 55° 37' 45,28390461" 646,1838575958 | 270,0000000000 999999,9838891090 1,0129497241E-10| 0,0000000000E+00| -1,6110890196E-02 1,5675874787E-11| 0,0000000000E+00 -1,6110890196E-06
288,0 1000000,0 | S 20° 14' 24,55840656" W 54° 58' 21,77668182" 646,1838575966 | 288,0000000000 999999,9865480480 9,3689322966E-10| 0,0000000000E+00| -1,3451951207E-02 1,4498864660E-10| 0,0000000000E+00 -1,3451951207E-06
306,0 1000000,0 | S 17° 48' 9,32089569" W 53° 29' 30,73955905" 646,1838575959 | 306,0000000000 999999,9796319510 2,1941559680E-10 | 0,0000000000E+00| -2,0368048921E-02 3,3955598584E-11| 0,0000000000E+00 -2,0368048921E-06
324,0 1000000,0 | S 15° 53' 27,86019042" W 51° 20' 40,6457948" 646,1838575955 | 324,0000000000| 1000000,0231218200 -2,1395862859E-10| 0,0000000000E+00| 2,3121828213E-02 -3,3111107013E-11| 0,0000000000E+00 2,3121828213E-06
342,0 1000000,0 | S 14° 40' 23,32010779" W 48° 43' 42,59215028" 646,1838575934 | 342,0000000000| 1000000,0630051200 -2,2965878088E-09 | 0,0000000000E+00| 6,3005126547E-02 -3,56540779638E-10| 0,0000000000E+00 6,3005126547E-06
0,0/ 10000000,0 |N 66° 53' 39,60646789" W 45° 52" 12,0" 646,1838575950 0,0000000000| 10000000,4342021000 -7,1247541200E-10| 0,0000000000E+00| 4,3420210853E-01 -1,1025893074E-10| 0,0000000000E+00 4,3420210853E-06
18,0/ 10000000,0|N 61° 3' 43,88500849" W 6° 25' 19,36607397" 646,1838575960| 18,0000000000| 10000000,1012056000 2,4704149837E-10| 0,0000000000E+00| 1,0120561160E-01 3,8230837163E-11| 0,0000000000E+00 1,0120561160E-06
36,0/ 10000000,0 [N 48° 10' 46,71461667" E 15° 33' 34,86072517" 646,1838575957 | 36,0000000000| 10000000,0882836000 -4,0813574742E-11| 0,0000000000E+00| 8,8283671066E-02 -6,3160932082E-12| 0,0000000000E+00 8,8283671066E-07
54,0{ 10000000,0 |N 32° 49' 10,12007949" E 28° 1' 52,67751279" 646,1838575951| 54,0000000000| 10000001,9525207000 -6,3414518081E-10| 0,0000000000E+00| 1,9525207803E+00 -9,8136957981E-11| 0,0000000000E+00 1,9525207803E-05
72,0/ 10000000,0 [N 16° 32' 41,91570009" E 36° 41'43,82678878" 646,1838575966 | 72,0000000000 | 10000000,2296097000 8,6321971710E-10 | 0,0000000000E+00| 2,2960971668E-01 1,3203977584E-10| 0,0000000000E+00 2,2960971668E-06
90,0/ 10000000,0 (S 0° 3' 39,6444616" E 43° 59' 17,70455874" 646,1838575965| 90,0000000000| 9999999,9029561500 7,7102413343E-10| 0,0000000000E+00| -9,7043843940E-02 1,1931962155E-10| 0,0000000000E+00 -9,7043843940E-07
108,0/  10000000,0|S 16° 39' 43,5383806" E51°17'39,7 646,1838575957 | 108,0000000000| 10000000,1060469000 -5,2523319027E-11| 0,0000000000E+00| 1,0604697652E-01 -8,1282313710E-12| 0,0000000000E+00 1,0604697652E-06
126,0/ 10000000,0|S 32° 55' 21,94373397" E 59° 59' 50,40077208" 646,1838575951 | 126,0000000000| 9999999,8462161900 -5,8219029597E-10| 0,0000000000E+00| -1,5378380194E-01 -9,0096694482E-11| 0,0000000000E+00 -1,56378380194E-06
144,0|  10000000,0|S 48° 15' 46,7732597" E 72° 31' 44,96666729" 646,1838575975| 144,0000000000| 9999999,8218809000 1,8076207198E-09 | 0,0000000000E+00| -1,7811909690E-01 2,7973783290E-10| 0,0000000000E+00 -1,7811909690E-06
162,0|  10000000,0|S 61° 7' 31,09208767" E 94° 35' 17,03275762" 646,1838575959 | 162,0000000000| 9999999,7245455600 2,1407231543E-10| 0,0000000000E+00| -2,7545443363E-01 3,3128700588E-11| 0,0000000000E+00 -2,7545443363E-06
180,0/ 10000000,0 S 66° 56' 52,492742" E 134° 7' 48,0" 646,1838575959 | 179,9999987900| 9999999,2753790600 1,9622348191E-10| -1,2100000000E-06| -7,2462093271E-01 3,0366509408E-11| -6,7222222222E-07 -7,2462093271E-06
198,0/ 10000000,0|S 61° 7' 31,09208767" E 173° 40' 18,96724238" 646,1838575959 | 198,0000000000| 9999999,7245455600 2,1407231543E-10| 0,0000000000E+00| -2,7545443177E-01 3,3128700588E-11| 0,0000000000E+00 -2,7545443177E-06
216,0| 10000000,0 S 48° 15'46,7732597" W 164° 16' 8,96666729" 646,1838575957 | 216,0000000000| 9999999,8218809000 -5,5024429457E-11| 0,0000000000E+00| -1,7811909690E-01 -8,5152900077E-12| 0,0000000000E+00 -1,7811909690E-06
234,0/ 10000000,0 | S 32° 55' 21,94373397" W 151° 44' 14,40077208" 646,1838575961 | 234,0000000000| 9999999,8462161900 3,4913227864E-10| 0,0000000000E+00| -1,5378380753E-01 5,4029866970E-11| 0,0000000000E+00 -1,5378380753E-06
252,0| 10000000,0|S 16° 39' 43,5383806" W 143° 2' 3,76689668" 646,1838575966 | 252,0000000000| 9999999,8371336100 8,7879925559E-10| 0,0000000000E+00| -1,6286638565E-01 1,3599833008E-10| 0,0000000000E+00 -1,6286638565E-06
270,0/ 10000000,0 (S 0° 3' 39,6444616" W 135° 43' 41,70455874" 646,1838575946 | 270,0000000000 ,9029556200 -1,0916210158E-09| 0,0000000000E+00| -9,7044372931E-02 -1,6893350135E-10| 0,0000000000E+00 -9,7044372931E-07
288,0| 10000000,0 [N 16° 32' 41,91570009" W 128° 26'7,82678878" 646,1838575956 | 288,0000000000| 10000000,2296097000 -7,8216544352E-11| 0,0000000000E+00| 2,2960970737E-01 -1,2104379185E-11| 0,0000000000E+00 2,2960970737E-06
306,0| 10000000,0 | N 32° 49' 10,12007949" W 119° 46' 16,67751279" 646,1838575960 | 306,0000000000| 10000000,1540997000 2,9717739380E-10| 0,0000000000E+00| 1,5409975126E-01 4,5989603471E-11| 0,0000000000E+00 1,5409975126E-06
324,0/ 10000000,0 [N 48° 10' 46,71461667" W 107° 17' 58,86072517" 646,1838575957 | 324,0000000000| 10000000,0882836000 -4,0813574742E-11| 0,0000000000E+00| 8,8283669204E-02 -6,3160932082E-12| 0,0000000000E+00 8,8283669204E-07
342,0| 10000000,0 [N 61° 3'43,88500849" W 85° 19' 4,63392603" 646,1838575960 | 342,0000000000| 10000000,1012056000 2,4704149837E-10| 0,0000000000E+00| 1,0120561160E-01 3,8230837163E-11| 0,0000000000E+00 1,0120561160E-06
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TABELA 5.2 — RESULTADOS OBTIDOS A PARTIR DA POSI CAO KATL, n¥10,

n=10

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
0,0 1,0 [N 33° 37' 11,03245625" W 84° 25' 48,0" 312,7286027803 0,0000000000 1,0000186879 5,1443294069E-10| 0,0000000000E+00| 1,8687918782E-05 1,6449820583E-10| 0,0000000000E+00 1,8687918782E-03
18,0 1,0|N 33° 37' 11,03086702" W 84° 25'47,98801221" 312,7286027794| 18,0000000500 0,9999895846 -4,1688963393E-10| 5,0000000000E-08 | -1,0415358702E-05 -1,3330716481E-10| 2,7777777778E-07 -1,0415358702E-03
36,0 1,0 N 33° 37' 11,02625706" W 84° 25' 47,97719785" 312,7286027794 | 36,0000000700 0,9999919694 -4,1688963393E-10| 7,0000000000E-08 | -8,0305617303E-06 -1,3330716481E-10| 1,9444444444E-07 -8,0305617303E-04
54,0 1,0|N 33° 37' 11,01907681" W 84° 25' 47,96861565" 312,7286027794| 54,0000000200 0,9999916054 -4,1688963393E-10| 2,0000000000E-08 | -8,3945924416E-06 -1,3330716481E-10| 3,7037037037E-08 -8,3945924416E-04
72,0 1,0|N 33° 37' 11,01002937" W 84° 25'47,96310511" 312,7286027803| 72,0000000200 1,0000082531 5,1443294069E-10| 2,0000000000E-08 | 8,2531478256E-06 1,6449820583E-10| 2,7777777778E-08 8,2531478256E-04
90,0 1,0 N 33°37' 11,0" W 84° 25' 47,96120663" 312,7286027803 | 90,0000000200 1,0000101556 5,1443294069E-10| 2,0000000000E-08 | 1,0155607015E-05 1,6449820583E-10| 2,2222222222E-08 1,0155607015E-03
108,0 1,0 N 33° 37' 10,98997063" W 84° 25' 47,96310511" 312,7286027813| 108,0000000100 1,0000082540 1,4457555153E-09 | 1,0000000000E-08 | 8,2540209405E-06 4,6230357647E-10| 9,2592592593E-09 8,2540209405E-04
126,0 1,0|N 33° 37' 10,98092319" W 84° 25' 47,96861565" 312,7286027785| 125,9999999500 0,9999916057 -1,3482690520E-09 | -5,0000000000E-08 | -8,3943014033E-06 -4,3113071205E-10| -3,9682539683E-08 -8,3943014033E-04
144,0 1,0|N 33° 37' 10,97374293" W 84° 25'47,97719785" 312,7286027785| 143,9999999500 0,9999919670 -1,3482122085E-09 | -5,0000000000E-08 | -8,0330064520E-06 -4,3111253546E-10| -3,4722222222E-08 -8,0330064520E-04
162,0 1,0 N 33° 37' 10,96913298" W 84° 25' 47,98801221" 312,7286027785| 161 400 0,999 ) -1,3482690520E-09 | -6,0000000000E-08 | -1,0414980352E-05 -4,3113071205E-10 | -3,7037037037E-08 -1,0414980352E-03
180,0 1,0|N 33° 37' 10,96754375" W 84° 25' 48,0" 312,7286027803 | 180,0000000000 1,0000186877 5,1443294069E-10| 0,0000000000E+00| 1,8687685952E-05 1,6449820583E-10| 0,0000000000E+00 1,8687685952E-03
198,0 1,0|N 33° 37' 10,96913298" W 84° 25'48,01198779" 312,7286027785| 197,9999999400 0,9999895844 -1,3482690520E-09 | -6,0000000000E-08 | -1,0415620636E-05 -4,3113071205E-10| -3,0303030303E-08 -1,0415620636E-03
216,0 1,0 N 33° 37' 10,97374293" W 84° 25' 48,02280215" 312,7286027785| 215,9999999400 0,9999919657 -1,3482122085E-09 | -6,0000000000E-08 | -8,0342870206E-06 -4,3111253546E-10| -2,7777777778E-08 -8,0342870206E-04
234,0 1,0 N 33° 37' 10,98092319" W 84° 25' 48,03138435" 312,7286027794 | 233,9999999300 0,9999916049 -4,1694647734E-10| -7,0000000000E-08| -8,3950581029E-06 -1,3332534141E-10 | -2,9914529915E-08 -8,3950581029E-04
252,0 1,0|N 33° 37' 10,98997063" W 84° 25' 48,0 489" 312,7286027794 | 251, )0 1,0000082515 -4,1688963393E-10| -1,0000000000E-08| 8,2515180111E-06 -1,3330716481E-10| -3,9682539683E-09 8,2515180111E-04
270,0 1,0 /N 33° 37" 11,0" W 84° 25' 48,03879337" 312,7286027794 | 269,9999999800 1,0000101534 -4,1688963393E-10| -2,0000000000E-08| 1,0153383615E-05 -1,3330716481E-10| -7,4074074074E-09 1,0153383615E-03
288,0 1,0 N 33° 37' 11,01002937" W 84° 25' 48,03689489" 312,7286027803 | 288,0000000800 1,0000082511 5,1443294069E-10| 8,0000000000E-08| 8,2510523498E-06 1,6449820583E-10| 2,7777777778E-08 8,2510523498E-04
306,0 1,0|N 33° 37' 11,01907681" W 84° 25' 48,03138435" 312,7286027794 | 306,0000000400 0,9999916027 -4,1688963393E-10| 4,0000000000E-08 | -8,3973282017E-06 -1,3330716481E-10| 1,3071895425E-08 -8,3973282017E-04
324,0 1,0|N 33° 37" 11,02625706" W 84° 25' 48,02280215" 312,7286027813| 324,0000000500 0,9999919659 1,4457555153E-09| 5,0000000000E-08| -8,0341123976E-06 4,6230357647E-10| 1,5432098765E-08 -8,0341123976E-04
342,0 1,0 N 33° 37' 11,03086702" W 84° 25' 48,01198779" 312,7286027803 | 342,0000000600 0,9999895806 5,1443294069E-10| 6,0000000000E-08 | -1,0419404134E-05 1,6449820583E-10| 1,7543859649E-08 -1,0419404134E-03
0,0 10,0 |N 33° 37' 11,3245625" W 84° 25' 48,0" 312,7286027803 0,0000000000 10,0001868320 5,1443294069E-10| 0,0000000000E+00| 1,8683203962E-04 1,6449820583E-10| 0,0000000000E+00 1,8683203962E-03
18,0 10,0|N 33° 37" 11,30867017" W 84° 25'47,88012195" 312,7286027813| 18,0000000100 9,9998958154 1,4457555153E-09| 1,0000000000E-08| -1,0418461170E-04 4,6230357647E-10| 5,5555555556E-08 -1,0418461170E-03
36,0 10,0 | N 33° 37' 11,26257059" W 84° 25' 47,77197834" 312,7286027794 | 36,0000000100 9,9999196557 -4,1688963393E-10| 1,0000000000E-08 | -8,0344267190E-05 -1,3330716481E-10| 2,7777777778E-08 -8,0344267190E-04
54,0 10,0 | N 33° 37' 11,19076796" W 84° 25' 47,68615629" 312,7286027803 | 54,0000000000 9,9999160358 5,1443294069E-10 | 0,0000000000E+00| -8,3964201622E-05 1,6449820583E-10| 0,0000000000E+00 -8,3964201622E-04
72,0 10,0|N 33° 37' 11,10029356" W 84° 25'47,631051" 312,7286027803| 72,0000000000 10,0000824952 5,1443294069E-10| 0,0000000000E+00| 8,2495156676E-05 1,6449820583E-10| 0,0000000000E+00 8,2495156676E-04
90,0 10,0|N 33° 37" 10,99999983" W 84° 25' 47,61206632" 312,7286027794| 90,0000000100 10,0001015182 -4,1694647734E-10| 1,0000000000E-08| 1,0151823517E-04 -1,3332534141E-10| 1,1111111111E-08 1,0151823517E-03
108,0 10,0 | N 33° 37' 10,89970613" W 84° 25' 47,63105124" 312,7286027803 | 108,0000000000 10,0000825525 5,1437609727E-10| 0,0000000000E+00| 8,2552520325E-05 1,6448002923E-10| 0,0000000000E+00 8,2552520325E-04
126,0 10,0|N 33° 37' 10,80923182" W 84° 25' 47,68615667" 312,7286027803 | 126,0000000000 9,9999160412 5,1437609727E-10| 0,0000000000E+00| -8,3958846517E-05 1,6448002923E-10| 0,0000000000E+00 -8,3958846517E-04
144,0 10,0|N 33° 37' 10,73742929" W 84° 25'47,77197872" 312,7286027803 | 143,9999999900 9,9999196846 5,1437609727E-10| -1,0000000000E-08 | -8,0315396190E-05 1,6448002923E-10| -6,9444444444E-09 -8,0315396190E-04
162,0 10,0 | N 33° 37' 10,69132979" W 84° 25' 47,88012218" 312,7286027803 | 162,0000000000 9,9998958448 5,1437609727E-10| 0,0000000000E+00| -1,0415515862E-04 1,6448002923E-10| 0,0000000000E+00 -1,0415515862E-03
180,0 10,0 |N 33° 37' 10,67543749" W 84° 25' 48,0" 312,7286027822| 179,9999991500 10,0001869244 2,3770212465E-09 | -8,5000000000E-07 | 1,8692435697E-04 7,6009077052E-10 | -4,7222222222E-07 1,8692435697E-03
198,0 10,0|N 33° 37' 10,69132979" W 84° 25' 48,11987782" 312,7286027813 | 197, )0 9 43 1,4456986719E-09 | -1,0000000000E-08| -1,0415667202E-04 4,6228539988E-10 | -5,0505050505E-09 -1,0415667202E-03

(conti nua)
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Tabela 5.2 -

Cont i nuacao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
216,0 10,0 | N 33° 37' 10,73742929" W 84° 25' 48,22802128" 312,7286027794 | 215,9999999900 9,9999196834 -4,1694647734E-10| -1,0000000000E-08| -8,0316560343E-05 -1,3332534141E-10 | -4,6296296296E-09 -8,0316560343E-04
234,0 10,0|N 33° 37' 10,80923182" W 84° 25'48,31384333" 312,7286027803 | 234,0000000000 9,9999160386 5,1437609727E-10| 0,0000000000E+00| -8,3961407654E-05 1,6448002923E-10| 0,0000000000E+00 -8,3961407654E-04
252,0 10,0 | N 33° 37' 10,89970613" W 84° 25' 48,36894876" 312,7286027794 | 252,0000000000 10,0000825508 -4,1694647734E-10| 0,0000000000E+00| 8,2550803199E-05 -1,3332534141E-10| 0,0000000000E+00 8,2550803199E-04
270,0 10,0|N 33° 37' 10,99999983" W 84° 25' 48,38793368" 312,7286027803 | 270,0000000000 10,0001015163 5,1443294069E-10| 0,0000000000E+00| 1,0151626799E-04 1,6449820583E-10| 0,0000000000E+00 1,0151626799E-03
288,0 10,0|N 33° 37" 11,10029356" W 84° 25' 48,368949" 312,7286027803 | 288,0000000100 10,0000824918 5,1443294069E-10| 1,0000000000E-08| 8,2491751527E-05 1,6449820583E-10| 3,4722222222E-09 8,2491751527E-04
306,0 10,0 | N 33° 37' 11,19076796" W 84° 25' 48,31384371" 312,7286027803 | 306,0000000000 9,9999160351 5,1443294069E-10| 0,0000000000E+00| -8,3964900114E-05 1,6449820583E-10| 0,0000000000E+00 -8,3964900114E-04
324,0 10,0 | N 33° 37' 11,26257059" W 84° 25' 48,22802166" 312,7286027803 | 324,0000000000 9,9999196542 5,1443294069E-10| 0,0000000000E+00 | -8,0345838796E-05 1,6449820583E-10| 0,0000000000E+00 -8,0345838796E-04
342,0 10,0|N 33° 37' 11,30867017" W 84° 25' 48,11987805" 312,7286027794 | 342,0000000100 9 155 -4,1688963393E-10| 1,0000000000E-08| -1,0418449529E-04 -1,3330716481E-10| 2,9239766082E-09 -1,0418449529E-03
0,0 100,0 | N 33° 37" 14,24562473" W 84° 25' 48,0" 312,7286027803 0,0000000000 100,0018642438 5,1466031437E-10| 0,0000000000E+00| 1,8642437644E-03 1,6457091222E-10| 0,0000000000E+00 1,8642437644E-03
18,0 100,0 | N 33° 37" 14,08670004" W 84° 25' 46,80120883" 312,7286027803| 18,0000000000 99,9989568631 5,1466031437E-10 | 0,0000000000E+00| -1,0431368719E-03 1,6457091222E-10| 0,0000000000E+00 -1,0431368719E-03
36,0 100,0 | N 33° 37' 13,62570048" W 84° 25'45,71976617" 312,7286027785| 36,0000000000 99,9991952548 -1,3480416783E-09| 0,0000000000E+00| -8,0474524293E-04 -4,3105800566E-10| 0,0000000000E+00 -8,0474524293E-04
54,0 100,0 | N 33° 37' 12,90766955" W 84° 25' 44,86154572" 312,7286027803| 54,0000000000 99,9991602083 5,1454662753E-10| 0,0000000000E+00| -8,3979172632E-04 1,6453455902E-10| 0,0000000000E+00 -8,3979172632E-04
72,0 100,0 | N 33° 37" 12,0029219" W 84° 25' 44,31049936" 312,7286027803 | 72,0000000000 100,0008222631 5,1448978411E-10| 0,0000000000E+00| 8,2226307131E-04 1,6451638243E-10| 0,0000000000E+00 8,2226307131E-04
90,0 100,0 | N 33° 37" 10,99998318" W 84° 25' 44,12066321" 312,7286027785| 90,0000000000 100,0010124136 -1,3482690520E-09 | 0,0000000000E+00| 1,0124136461E-03 -4,3113071205E-10| 0,0000000000E+00 1,0124136461E-03
108,0 100,0 | N 33° 37' 9,99704762" W 84° 25' 44,31052299" 312,7286027813| 108,0000000000 100,0008281958 1,4456986719E-09| 0,0000000000E+00| 8,2819577074E-04 4,6228539988E-10| 0,0000000000E+00 8,2819577074E-04
126,0 100,0| N 33° 37' 9,09230822" W 84° 25' 44,86158396" 312,7286027794 | 126,0000000000 99,9991605783 -4,1700332076E-10| 0,0000000000E+00| -8,3942170022E-04 -1,3334351801E-10| 0,0000000000E+00 -8,3942170022E-04
144,0 100,0 | N 33° 37' 8,37428748" W 84° 25' 45,71980441" 312,7286027822| 144,0000000000 99,9991981238 2,3769075597E-09 | 0,0000000000E+00| -8,0187618732E-04 7,6005441732E-10| 0,0000000000E+00 -8,0187618732E-04
162,0 100,0 | N 33° 37' 7,91329618" W 84° 25' 46,80123246" 312,7286027803 | 162,0000000000 99,9989597158 5,1420556701E-10| 0,0000000000E+00| -1,0402841726E-03 1,6442549944E-10| 0,0000000000E+00 -1,0402841726E-03
180,0 100,0 | N 33° 37' 7,75437463" W 84° 25' 48,0" 312,7286027803 | 180,0000000000 100,0018733171 5,1420556701E-10| 0,0000000000E+00| 1,8733170582E-03 1,6442549944E-10| 0,0000000000E+00 1,8733170582E-03
198,0 100,0|N 33° 37' 7,91329618" W 84° 25' 49,19876754" 312,7286027803 | 198,0000000000 99,9989597176 5,1420556701E-10| 0,0000000000E+00| -1,0402823973E-03 1,6442549944E-10| 0,0000000000E+00 -1,0402823973E-03
216,0 100,0 | N 33° 37' 8,37428748" W 84° 25' 50,28019559" 312,7286027803 | 216,0000000000 99,9991981236 5,1420556701E-10| 0,0000000000E+00| -8,0187642016E-04 1,6442549944E-10| 0,0000000000E+00 -8,0187642016E-04
234,0 100,0 | N 33° 37' 9,09230822" W 84° 25' 51,13841604" 312,7286027803 | 234,0000000000 99,9991605756 5,1431925385E-10| 0,0000000000E+00 | -8,3942443598E-04 1,6446185264E-10| 0,0000000000E+00 -8,3942443598E-04
252,0 100,0 | N 33° 37' 9,99704762" W 84° 25' 51,68947701" 312,7286027803 | 252,0000000000 100,0008281936 5,1437609727E-10| 0,0000000000E+00| 8,2819361705E-04 1,6448002923E-10| 0,0000000000E+00 8,2819361705E-04
270,0 100,0 | N 33° 37 10,99998318" W 84° 25' 51,87933679" 312,7286027794 | 270,0000000000 100,0010124116 -4,1688963393E-10| 0,0000000000E+00| 1,0124116473E-03 -1,3330716481E-10| 0,0000000000E+00 1,0124116473E-03
288,0 100,0 | N 33° 37' 12,0029219" W 84° 25' 51,68950064" 312,7286027794 | 288,0000000000 100,0008222609 -4,1683279051E-10| 0,0000000000E+00| 8,2226094673E-04 -1,3328898822E-10| 0,0000000000E+00 8,2226094673E-04
306,0 100,0 | N 33° 37' 12,90766955" W 84° 25' 51,13845428" 312,7286027813| 306,0000000000 99,9991602041 1,4458692021E-09| 0,0000000000E+00| -8,3979585906E-04 4,6233992967E-10| 0,0000000000E+00 -8,3979585906E-04
324,0 100,0 | N 33° 37" 13,62570048" W 84° 25' 50,28023383" 312,7286027813 | 324,0000000000 99,9991952506 1,4459260456E-09 | 0,0000000000E+00| -8,0474943388E-04 4,6235810627E-10| 0,0000000000E+00 -8,0474943388E-04
342,0 100,0 | N 33° 37' 14,08670004" W 84° 25' 49,19879117" 312,7286027794 | 342,0000000000 99,9989568624 -4,1671910367E-10| 0,0000000000E+00| -1,0431376286E-03 -1,3325263502E-10| 0,0000000000E+00 -1,0431376286E-03
0,0 1000,0 | N 33° 37" 43,45621895" W 84° 25' 48,0" 312,7286027794 0,0000000000 1000,0182361348 -4,1472958401E-10| 0,0000000000E+00| 1,8236134783E-02 -1,3261645411E-10| 0,0000000000E+00 1,8236134783E-03
18,0 1000,0 | N 33° 37" 41,86683012" W 84° 25' 36,01102454" 312,7286027794| 18,0000000000 999,9894422106 -4,1484327085E-10| 0,0000000000E+00| -1,0557789385E-02 -1,3265280731E-10| 0,0000000000E+00 -1,0557789385E-03
36,0 1000,0 | N 33° 37" 37,25646317" W 84° 25' 25,19594058" 312,7286027785| 36,0000000000 999,9918253509 -1,3464500626E-09 | 0,0000000000E+00| -8,1746490905E-03 -4,3054906094E-10| 0,0000000000E+00 -8,1746490905E-04
54,0 1000,0 | N 33° 37' 30,07569478" W 84° 25' 16,61373622" 312,7286027813| 54,0000000000 999,9915873519 1,4470060705E-09 | 0,0000000000E+00| -8,4126481088E-03 4,6270346161E-10| 0,0000000000E+00 -8,4126481088E-04
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Tabela 5.2 -

Cont i nuacao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
72,0 1000,0 | N 33° 37' 21,02784693" W 84° 25' 11,10393008" 312,7286027813| 72,0000000000 1000,0079576662 1,4463807929E-09 | 0,0000000000E+00| 7,9576661810E-03 4,6250351904E-10 | 0,0000000000E+00 7,9576661810E-04
90,0 1000,0 | N 33° 37" 10,99831802" W 84° 25' 9,20663227" 312,7286027803| 90,0000000000 1000,0098499558 5,1443294069E-10| 0,0000000000E+00| 9,8499557935E-03 1,6449820583E-10| 0,0000000000E+00 9,8499557935E-04
108,0 1000,0 | N 33° 37' 0,96910428" W 84° 25' 11,10629351" 312,7286027794 | 108,0000000000 1000,0085509659 -4,1757175495E-10 | 0,0000000000E+00| 8,5509658675E-03 -1,3352528398E-10| 0,0000000000E+00 8,5509658675E-04
126,0 1000,0 | N 33° 36' 51,92208169" W 84° 25' 16,61756026" 312,7286027803 | 126,0000000000 999,9916245415 5,1318238548E-10| 0,0000000000E+00| -8,3754585357E-03 1,6409832069E-10| 0,0000000000E+00 -8,3754585357E-04
144,0 1000,0 | N 33° 36' 44,74233331" W 84° 25' 25,19976465" 312,7286027803 | 144,0000000000 999,9921124805 5,1267079471E-10| 0,0000000000E+00| -7,8875195468E-03 1,6393473131E-10| 0,0000000000E+00 -7,8875195468E-04
162,0 1000,0 | N 33° 36' 40,13279158" W 84° 25' 36,01338794" 312,7286027803 | 162,0000000000 999,9897276382 5,1238657761E-10| 0,0000000000E+00| -1,0272361804E-02 1,6384384833E-10| 0,0000000000E+00 -1,0272361804E-03
180,0 1000,0 | N 33° 36' 38,54371795" W 84° 25'48,0" 312,7286027794 | 180,0000000000 1000,0191435327 -4,1904968384E-10 | 0,0000000000E+00| 1,9143532729E-02 -1,3399787551E-10| 0,0000000000E+00 1,9143532729E-03
198,0 1000,0 | N 33° 36' 40,13279158" W 84° 25' 59,98661206" 312,7286027803 | 198,0000000000 999,9897276332 5,1238657761E-10| 0,0000000000E+00| -1,0272366781E-02 1,6384384833E-10| 0,0000000000E+00 -1,0272366781E-03
216,0 1000,0 | N 33° 36' 44,74233331" W 84° 26' 10,80023535" 312,7286027785| 216,0000000000 999,9921123185 -1,3499743545E-09| 0,0000000000E+00| -7,8876814805E-03 -4,3167600997E-10| 0,0000000000E+00 -7,8876814805E-04
234,0 1000,0 | N 33° 36' 51,92208169" W 84° 26' 19,38243974" 312,7286027794 | 234,0000000000 999,9916245375 -4,1819703256E-10 | 0,0000000000E+00| -8,3754624939E-03 -1,3372522655E-10| 0,0000000000E+00 -8,3754624939E-04
252,0 1000,0 | N 33° 37" 0,96910428" W 84° 26' 24,89370649" 312,7286027803 | 252,0000000000 1000,0085509638 5,1375081966E-10| 0,0000000000E+00| 8,5509638302E-03 1,6428008666E-10| 0,0000000000E+00 8,5509638302E-04
270,0 1000,0 | N 33° 37" 10,99831802" W 84° 26' 26,79336773" 312,7286027785| 270,0000000000 1000,0098499537 -1,3482122085E-09 | 0,0000000000E+00| 9,8499537438E-03 -4,3111253546E-10| 0,0000000000E+00 9,8499537438E-04
288,0 1000,0 | N 33° 37' 21,02784693" W 84° 26' 24,89606992" 312,7286027803 | 288,0000000000 1000,0079576637 5,1505821830E-10| 0,0000000000E+00| 7,9576636781E-03 1,6469814840E-10| 0,0000000000E+00 7,9576636781E-04
306,0 1000,0 | N 33° 37' 30,07569478" W 84° 26' 19,38626378" 312,7286027813 | 306,0000000000 999,9915873480 1,4470060705E-09 | 0,0000000000E+00| -8,4126520087E-03 4,6270346161E-10| 0,0000000000E+00 -8,4126520087E-04
324,0 1000,0 | N 33° 37" 37,25646317" W 84° 26' 10,80405942" 312,7286027803 | 324,0000000000 999,9918253503 5,1613824326E-10| 0,0000000000E+00| -8,1746496726E-03 1,6504350375E-10| 0,0000000000E+00 -8,1746496726E-04
342,0 1000,0 | N 33° 37' 41,86683012" W 84° 25' 59,98897546" 312,7286027803 | 342,0000000000 999,9894422132 5,1647930377E-10| 0,0000000000E+00| -1,0557786794E-02 1,6515256333E-10| 0,0000000000E+00 -1,0557786794E-03
0,0 10000,0 | N 33° 42" 35,55934879" W 84° 25' 48,0" 312,7286027794 0,0000008500 10000,1435605130 -3,9551650843E-10 | 8,5000000000E-07 | 1,4356051304E-01 -1,2647276422E-10| 0,0000000000E+00 1,4356051304E-03
18,0 10000,0 [N 33° 42' 19,65124924" W 84° 23' 48,00369254" 312,7286027794 | 18,0000000000 9999,8836100314 -3,9653968997E-10| 0,0000000000E+00 | -1,1638996862E-01 -1,2679994297E-10| 0,0000000000E+00 -1,1638996862E-03
36,0 10000,0 [N 33° 41' 33,51038851" W 84° 21' 59,78707031" 312,7286027794 | 36,0000000000 9999,9073644029 -3,9960923459E-10| 0,0000000000E+00| -9,2635597102E-02 -1,2778147922E-10| 0,0000000000E+00 -9,2635597102E-04
54,0 10000,0 | N 33° 40' 21,65677301" W 84° 20' 33,96514967" 312,7286027813| 54,0000000000 9999,9162318461 1,4583179109E-09 | 0,0000000000E+00| -8,3768153912E-02 4,6632060448E-10| 0,0000000000E+00 -8,3768153912E-04
72,0 10000,0 [N 33° 38' 51,14118922" W 84° 19' 38,93299852" 312,7286027794 | 72,0000000000 10000,0549102048 -4,1029579734E-10| 0,0000000000E+00| 5,4910204839E-02 -1,3119867952E-10| 0,0000000000E+00 5,4910204839E-04
90,0 10000,0 |N 33° 37' 10,83180168" W 84° 19' 20,06646024" 312,7286027803 | 90,0000000000 10000,0729111873 5,1443294069E-10| 0,0000000000E+00| 7,2911187308E-02 1,6449820583E-10| 0,0000000000E+00 7,2911187308E-04
108,0 10000,0 | N 33° 35' 30,55393122" W 84° 19' 39,16934177" 312,7286027794 | 108,0000000000 10000,1142401983 -4,2354031393E-10| 0,0000000000E+00| 1,1424019840E-01 -1,3543382670E-10| 0,0000000000E+00 1,1424019840E-03
126,0 10000,0 [N 33° 34' 0,12087447" W 84° 20' 34,34755386" 312,7286027794 | 126,0000000000 9999,9199507083 -4,2950887291E-10| 0,0000000000E+00| -8,0049291719E-02 -1,3734236942E-10| 0,0000000000E+00 -8,0049291719E-04
144,0 10000,0 | N 33° 32' 48,36925976" W 84° 22' 0,16947776" 312,7286027803 | 144,0000000000 9999,9360775506 4,9709569794E-10| 0,0000000000E+00| -6,3922449364E-02 1,5895434364E-10| 0,0000000000E+00 -6,3922449364E-04
162,0 10000,0 |N 33° 32' 2,31092085" W 84° 23' 48,24003343" 312,7286027784 | 162,0000000000 9999,9121520519 -1,3686189959E-09 | 0,0000000000E+00| -8,7847948074E-02 -4,3763793390E-10| 0,0000000000E+00 -8,7847948074E-04
180,0 10000,0 | N 33° 31' 46,43434154" W 84° 25'48,0" 312,7286027794 | 180,0000000000 10000,2343004 136 -4,3831960284E-10| 0,0000000000E+00| 2,3430041363E-01 -1,4015974201E-10| 0,0000000000E+00 2,3430041363E-03
198,0 10000,0 [N 33° 32' 2,31092085" W 84° 27' 47,75996657" 312,7286027812| 198,0000000000 9999,9121520499 1,4253487279E-09 | 0,0000000000E+00| -8,7847950112E-02 4,5577817803E-10| 0,0000000000E+00 -8,7847950112E-04
216,0 10000,0 | N 33° 32' 48,36925976" W 84° 29' 35,83052224" 312,7286027794 | 216,0000000000 9999,9360775491 -4,3428372010E-10| 0,0000000000E+00| -6,3922450878E-02 -1,3886920360E-10| 0,0000000000E+00 -6,3922450878E-04
234,0 10000,0 | N 33° 34' 0,12087447" W 84° 31' 1,65244614" 312,7286027784 | 234,0000000000 9999,9199507090 -1,3608314475E-09 | 0,0000000000E+00| -8,0049291020E-02 -4,3514774006E-10| 0,0000000000E+00 -8,0049291020E-04
252,0 10000,0 | N 33° 35' 30,55393122" W 84° 31' 56,83065823" 312,7286027812| 252,0000000000 10000,1142401963 1,4391048353E-09 | 0,0000000000E+00| 1,1424019630E-01 4,6017691459E-10 | 0,0000000000E+00 1,1424019630E-03
270,0 10000,0 [N 33° 37' 10,83180168" W 84° 32' 15,93353976" 312,7286027794 | 270,0000000000 10000,0729111852 -4,1688963393E-10| 0,0000000000E+00| 7,2911185231E-02 -1,3330716481E-10| 0,0000000000E+00 7,2911185231E-04
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Tabela 5.2 -

Cont i nuacao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
288,0 10000,0 [N 33° 38' 51,14118922" W 84° 31' 57,06700148" 312,7286027803 | 288,0000000000 10000,0549102035 5,2102677728E-10| 0,0000000000E+00| 5,4910203558E-02 1,6660669112E-10| 0,0000000000E+00 5,4910203558E-04
306,0 10000,0 [N 33° 40' 21,65677301" W 84° 31' 2,03485033" 312,7286027813| 306,0000000000 9999,9162282301 1,4583179109E-09| 0,0000000000E+00| -8,3771769889E-02 4,6632060448E-10| 0,0000000000E+00 -8,3771769889E-04
324,0 10000,0 | N 33° 41' 33,51038851" W 84° 29' 36,21292969" 312,7286027803 | 324,0000000000 9999,9073644016 5,3171334002E-10| 0,0000000000E+00| -9,2635598441E-02 1,7002389142E-10| 0,0000000000E+00 -9,2635598441E-04
342,0 10000,0 [N 33° 42' 19,65124924" W 84° 27' 47,99630746" 312,7286027794 | 342,0000000000 9999,8836100304 -3,9653968997E-10| 0,0000000000E+00| -1,1638996960E-01 -1,2679994297E-10| 0,0000000000E+00 -1,1638996960E-03
0,0 100000,0 | N 34° 31' 16,33327661" W 84° 25' 48,0" 312,7286027796 0,0000000000 100000,0024374130 -2,0673951440E-10| 0,0000000000E+00| 2,4374137865E-03 -6,6108284487E-11| 0,0000000000E+00 2,4374137865E-06
18,0 100000,0 | N 34° 28' 35,87275542" W 84° 5'37,16319327" 312,7286027805| 18,0000000000 100000,0069946020 7,1440808824E-10| 0,0000000000E+00| 6,9946022995E-03 2,2844347523E-10| 0,0000000000E+00 6,9946022995E-06
36,0 100000,0 | N 34° 20' 50,66237612" W 83° 47' 28,35475327" 312,7286027805| 36,0000000000 100000,0036136080 6,8473582360E-10 | 0,0000000000E+00| 3,6136084236E-03 2,1895529143E-10| 0,0000000000E+00 3,6136084236E-06
54,0 100000,0 | N 34° 8' 47,48274852" W 83° 33' 10,24970823" 312,7286027786| 54,0000000000 99999,9995751554 -1,2244072423E-09| 0,0000000000E+00| -4,2484456208E-04 -3,9152390647E-10| 0,0000000000E+00 -4,2484456208E-07
72,0 100000,0 | N 33° 53' 38,61031075" W 83° 24' 6,74089101" 312,7286027795| 72,0000000000 99999,9968303021 -3,5208813642E-10| 0,0000000000E+00| -3,1696978258E-03 -1,1258584386E-10| 0,0000000000E+00 -3,1696978258E-06
90,0 100000,0 | N 33° 36' 54,18094839" W 83° 21' 8,80211656" 312,7286027803 | 90,0000000000 99999,9990606204 5,1335291573E-10| 0,0000000000E+00 | -9,3937954807E-04 1,6415285048E-10| 0,0000000000E+00 -9,3937954807E-07
108,0 100000,0 | N 33° 20" 12,91763703" W 83° 24' 30,42696581" 312,7286027803 | 108,0000000000 99999,9968850662 4,4690295908E-10| 0,0000000000E+00| -3,1149337738E-03 1,4290440820E-10| 0,0000000000E+00 -3,1149337738E-06
126,0 100000,0 | N 33° 5' 12,33483262" W 83° 33' 48,57898467" 312,7286027793| 126,0000000000 100000,0032146740 -5,4473048294E-10| 0,0000000000E+00| 3,2146749436E-03 -1,7418633221E-10| 0,0000000000E+00 3,2146749436E-06
144,0 100000,0 | N 32° 53' 19,40352783" W 83° 48' 6,68946157" 312,7286027801| 144,0000000000 100000,0041135370 3,3855940273E-10| 0,0000000000E+00| 4,1135379579E-03 1,0825981369E-10| 0,0000000000E+00 4,1135379579E-06
162,0 100000,0 | N 32° 45' 42,48562577" W 84° 6'0,85815261" 312,7286027792| 162,0000000000 100000,0075525750 -6,2374283516E-10 | 0,0000000000E+00| 7,5525753200E-03 -1,9945180249E-10| 0,0000000000E+00 7,6525753200E-06
180,0 100000,0 | N 32° 43' 5,19291165" W 84° 25' 48,0" 312,7286027801| 180,0000000000 100000,0027027220 2,9695002013E-10| 0,0000000000E+00| 2,7027226752E-03 9,4954544448E-11| 0,0000000000E+00 2,7027226752E-06
198,0 100000,0 | N 32° 45' 42,48562577" W 84° 45' 35,14184739" 312,7286027792| 198,0000000000 100000,0080289940 -6,2374283516E-10| 0,0000000000E+00| 8,0289941980E-03 -1,9945180249E-10| 0,0000000000E+00 8,0289941980E-06
216,0 100000,0 [N 32° 53' 19,40352783" W 85° 3' 29,31053843" 312,7286027801| 216,0000000000 100000,0041135360 3,3855940273E-10| 0,0000000000E+00| 4,1135362117E-03 1,0825981369E-10| 0,0000000000E+00 4,1135362117E-06
234,0 100000,0 | N 33° 5' 12,33483262" W 85° 17' 47,42101533" 312,7286027793 | 234,0000000000 99999,9998987533 -5,4473048294E-10| 0,0000000000E+00| -1,0124663822E-04 -1,7418633221E-10| 0,0000000000E+00 -1,0124663822E-07
252,0 100000,0 | N 33° 20" 12,91763703" W 85° 27' 5,57303419" 312,7286027803 | 252,0000000000 99999,9968850658 4,4690295908E-10| 0,0000000000E+00| -3,1149341958E-03 1,4290440820E-10| 0,0000000000E+00 -3,1149341958E-06
270,0 100000,0 | N 33° 36' 54,18094839" W 85° 30" 27,19788344" 312,7286027803 | 270,0000000000 99999,9990606179 5,1335291573E-10| 0,0000000000E+00| -9,3938202190E-04 1,6415285048E-10| 0,0000000000E+00 -9,3938202190E-07
288,0 100000,0 [N 33° 53' 38,61031075" W 85° 27' 29,25910899" 312,7286027804 | 288,0000000000 99999,9968303013 5,7923443819E-10| 0,0000000000E+00| -3,1696986989E-03 1,8521952679E-10| 0,0000000000E+00 -3,1696986989E-06
306,0 100000,0 | N 34° 8' 47,48274852" W 85° 18' 25,75029177" 312,7286027804 | 306,0000000000 99999,9995751509 6,3829475039E-10| 0,0000000000E+00 | -4,2484910227E-04 2,0410501141E-10| 0,0000000000E+00 -4,2484910227E-07
324,0 100000,0 | N 34° 20' 50,66237612" W 85° 4' 7,64524674" 312,7286027805| 324,0000000000 100000,0036136050 6,8473582360E-10| 0,0000000000E+00| 3,6136052222E-03 2,1895529143E-10| 0,0000000000E+00 3,6136052222E-06
342,0 100000,0 | N 34° 28' 35,87275542" W 84° 45' 58,83680673" 312,7286027805 | 342,0000000000 100000,0069946000 7,1440808824E-10 | 0,0000000000E+00| 6,9946009899E-03 2,2844347523E-10| 0,0000000000E+00 6,9946009899E-06
0,0 1000000,0 | N 42° 37' 42,09900964" W 84° 25' 48,0" 312,7286027809 0,0000000000| 1000000,0127618200 1,0734311218E-09| 0,0000000000E+00| 1,2761827558E-02 3,4324686397E-10| 0,0000000000E+00 1,2761827558E-06
18,0 1000000,0 | N 42° 8'3,11711863" W 80° 42' 22,10531786" 312,7286027790| 18,0000000000| 1000000,0436167100 -8,2542328528E-10| 0,0000000000E+00| 4,3616716284E-02 -2,6394236982E-10| 0,0000000000E+00 4,3616716284E-06
36,0 1000000,0 | N 40° 43' 15,32714944" W 77° 29' 10,87936943" 312,7286027798 | 36,0000000000 | 1000000,0131840700 -3,2002844819E-11| 0,0000000000E+00| 1,3184073381E-02 -1,0233424296E-11| 0,0000000000E+00 1,3184073381E-06
54,0 1000000,0 | N 38° 34' 34,36687981" W 75° 8'42,75016714" 312,7286027813| 54,0000000000 999999,9813283190 1,5310774870E-09| 0,0000000000E+00| -1,8671680591E-02 4,8958664906E-10| 0,0000000000E+00 -1,8671680591E-06
72,0 1000000,0 | N 35° 57" 34,63537641" W 73° 52" 19,31711597" 312,7286027809| 72,0000000000 999999,9663543150 1,0402345652E-09| 0,0000000000E+00| -3,3645684249E-02 3,3263173113E-10| 0,0000000000E+00 -3,3645684249E-06
90,0 1000000,0 |N 33° 9' 16,86591311" W 73° 41' 32,30796372" 312,7286027793| 90,0000000000 999999,9937022680 -5,2830273489E-10| 0,0000000000E+00| -6,2977318885E-03 -1,6893329558E-10| 0,0000000000E+00 -6,2977318885E-07
108,0 1000000,0 | N 30° 26' 5,3098382" W 74° 31' 14,04294577" 312,7286027814 | 108,0000000000 999999,9718506160 1,5888872440E-09 | 0,0000000000E+00| -2,8149383608E-02 5,0807224855E-10| 0,0000000000E+00 -2,8149383608E-06
126,0 1000000,0 | N 28° 2' 36,00619567" W 76° 12' 23,6424374" 312,7286027799| 126,0000000000| 1000000,4364632100 5,5649707065E-11| 0,0000000000E+00| 4,3646321993E-01 1,7794888785E-11| 0,0000000000E+00 4,3646321993E-05
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[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
144,0 1000000,0 [N 26° 10' 54,81633545" W 78° 33' 46,92874886" 312,7286027794 | 144,0000000000| 1000000,0626731900 -3,9557335185E-10 | 0,0000000000E+00| 6,2673193403E-02 -1,2649094081E-10| 0,0000000000E+00 6,2673193403E-06
162,0 1000000,0 [N 25° 0" 7,17216451" W 81° 22' 46,12297128" 312,7286027791| 162,0000000000| 1000000,0987745500 -6,6705752033E-10| 0,0000000000E+00| 9,8774559214E-02 -2,1330236966E-10| 0,0000000000E+00 9,8774559214E-06
180,0 1000000,0 | N 24° 35' 52,78249795" W 84° 25'48,0" 312,7286027781| 180,0000000000| 1000000,0404692800 -1,6880790099E-09 | 0,0000000000E+00| 4,0469283238E-02 -5,3979041089E-10| 0,0000000000E+00 4,0469283238E-06
198,0 1000000,0 [N 25° 0' 7,17216451" W 87° 28' 49,87702872" 312,7286027791| 198,0000000000| 1000000,0987745500 -6,6705752033E-10| 0,0000000000E+00| 9,8774557817E-02 -2,1330236966E-10| 0,0000000000E+00 9,8774557817E-06
216,0 1000000,0 |N 26° 10" 54,81633545" W 90° 17' 49,07125114" 312,7286027813| 216,0000000000| 1000000,0626731900 1,4670717974E-09 | 0,0000000000E+00| 6,2673191773E-02 4,6911980047E-10| 0,0000000000E+00 6,2673191773E-06
234,0 1000000,0 | N 28° 2' 36,00619567" W 92° 39' 12,3575626" 312,7286027789 | 234,0000000000| 1000000,0133158900 -8,7567286755E-10| 0,0000000000E+00| 1,3315898133E-02 -2,8001048186E-10| 0,0000000000E+00 1,3315898133E-06
252,0 1000000,0 | N 30° 26' 5,3098382" W 94° 20' 21,95705423" 312,7286027805 | 252,0000000000 999999,9718506120 6,5756466938E-10 | 0,0000000000E+00| -2,8149387217E-02 2,1026687791E-10| 0,0000000000E+00 -2,8149387217E-06
270,0 1000000,0 |N 33° 9' 16,86591311" W 95° 10' 3,69203628" 312,7286027784 | 270,0000000000 999999,9887265820 -1,4596253095E-09 | 0,0000000000E+00| -1,1273417855E-02 -4,6673866622E-10| 0,0000000000E+00 -1,1273417855E-06
288,0 1000000,0 |N 35° 57' 34,63537641" W 94° 59' 16,68288403" 312,7286027809 | 288,0000000000 999999,9663543150 1,0402345652E-09 | 0,0000000000E+00| -3,3645684598E-02 3,3263173113E-10| 0,0000000000E+00 -3,3645684598E-06
306,0 1000000,0 | N 38° 34' 34,36687981" W 93° 42' 53,24983286" 312,7286027795| 306,0000000000 999999,9813283160 -3,3156766222E-10 | 0,0000000000E+00| -1,8671683501E-02 -1,0602409222E-10| 0,0000000000E+00 -1,8671683501E-06
324,0 1000000,0 [N 40° 43' 15,32714944" W 91° 22' 25,12063057" 312,7286027798 | 324,0000000000| 1000000,0131840600 -3,2002844819E-11| 0,0000000000E+00| 1,3184069539E-02 -1,0233424296E-11| 0,0000000000E+00 1,3184069539E-06
342,0 1000000,0 [N 42° 8'3,11711863" W 88° 9' 13,89468214" 312,7286027808 | 342,0000000000| 1000000,0436167200 1,0372218640E-09 | 0,0000000000E+00| 4,3616720010E-02 3,3166837147E-10| 0,0000000000E+00 4,3616720010E-06
0,0/ 10000000,0 |N 56° 40' 7,52769397" E 95° 34' 12,0" 312,7286027812 0,0000000000| 9999999,2467673500 1,4262582226E-09 | 0,0000000000E+00| -7,5323264860E-01 4,5606900359E-10| 0,0000000000E+00 -7,5323264860E-06
18,0/  10000000,0 | N 52° 39' 44,36719388" E 65° 4' 58,14743177" 312,7286027802| 18,0000000000| 9999998,9662645800 4,2268766265E-10 | 0,0000000000E+00 | -1,0337354187E+00 1,3516117774E-10| 0,0000000000E+00 -1,0337354187E-05
36,0/ 10000000,0 [N 42° 38' 31,90107873" E 42° 45' 45,66503095" 312,7286027781| 36,0000000000 ,0451662100 -1,7196271074E-09| 0,0000000000E+00| -9,5483378135E-01 -5,4987842241E-10| 0,0000000000E+00 -9,5483378135E-06
54,0{ 10000000,0 | N 29° 33' 39,88481494" E 27° 21' 22,85129726" 312,7286027802| 54,0000000000| 9999999,3922144700 4,3644377001E-10| 0,0000000000E+00| -6,0778552480E-01 1,3955991429E-10| 0,0000000000E+00 -6,0778552480E-06
72,0/ 10000000,0 [N 15° 5' 25,77610436" E 15° 38' 44,46421998" 312,7286027804 | 72,0000000000| 9999999,8291835500 5,7190163716E-10| 0,0000000000E+00 | -1,7081644200E-01 1,8287474573E-10| 0,0000000000E+00 -1,7081644200E-06
90,0/ 10000000,0 [N 0° 4' 13,47444299" E 5° 27' 50,7746435" 312,7286027800| 90,0000000000 ,9088904300 2,1935875338E-10| 0,0000000000E+00| -9,1109570116E-02 7,0143489094E-11| 0,0000000000E+00 -9,1109570116E-07
108,0/ 10000000,0|S 14° 57' 22,85827063" W 4° 42' 15,83225273" 312,7286027822| 108,0000000000| 10000000,2481293000 2,4232917895E-09| 0,0000000000E+00| 2,4812933616E-01 7,7488652075E-10| 0,0000000000E+00 2,4812933616E-06
126,0/ 10000000,0|S 29° 26' 45,34121169" W 16° 22' 38,88002946" 312,7286027802| 126,0000000000| 10000000,4745649000 4,0733993956E-10| 0,0000000000E+00| 4,7456492297E-01 1,3025349646E-10| 0,0000000000E+00 4,7456492297E-06
144,0| 10000000,0|S 42° 33' 17,81643821" W 31° 43' 39,44625249" 312,7286027809 | 144,0000000000| 10000000,9152663000 1,0684289009E-09 | 0,0000000000E+00| 9,1526631825E-01 3,4164732340E-10| 0,0000000000E+00 9,1526631825E-06
162,0|  10000000,0|S 52° 36' 14,86374936" W 53° 59' 14,92326198" 312,7286027793 | 162,0000000000| 10000000,9688483000 -4,9794834922E-10| 0,0000000000E+00| 9,6884839050E-01 -1,5922699260E-10| 0,0000000000E+00 9,6884839050E-06
180,0/ 10000000,0|S 56° 37' 28,21806302" W 84° 25'48,0" 312,7286027794 | 180,0000000000| 10000000,8175617000 -4,2587089411E-10| 0,0000000000E+00| 8,1756173074E-01 -1,3617906719E-10| 0,0000000000E+00 8,1756173074E-06
198,0| 10000000,0|S 52° 36' 14,86374936" W 114° 52' 21,07673802" 312,7286027793 | 198,0000000000| 10000000,9688483000 -4,9794834922E-10| 0,0000000000E+00| 9,6884839237E-01 -1,6922699260E-10| 0,0000000000E+00 9,6884839237E-06
216,0| 10000000,0 | S 42° 33' 17,81643821" W 137° 7' 56,55374751" 312,7286027799 | 216,0000000000| 10000000,9152663000 1,3710632629E-10 | 0,0000000000E+00| 9,1526631825E-01 4,3841952758E-11| 0,0000000000E+00 9,1526631825E-06
234,0/ 10000000,0 | S 29° 26' 45,34121169" W 152° 28' 57,11997054" 312,7286027793 | 234,0000000000| 10000000,4745649000 -5,2392579164E-10| 0,0000000000E+00| 4,7456491739E-01 -1,6753369758E-10| 0,0000000000E+00 4,7456491739E-06
252,0| 10000000,0 | S 14° 57' 22,85827063" W 164° 9' 20,16774727" 312,7286027804 | 252,0000000000| 10000000,2481293000 5,6064664022E-10 | 0,0000000000E+00| 2,4812935293E-01 1,7927577946E-10| 0,0000000000E+00 2,4812935293E-06
270,0| 10000000,0 N 0° 4' 13,47444299" W 174° 19' 26,7746435" 312,7286027800 | 270,0000000000 ,9088904200 2,1935875338E-10| 0,0000000000E+00| -9,1109575704E-02 7,0143489094E-11| 0,0000000000E+00 -9,1109575704E-07
288,0| 10000000,0 [N 15° 5' 25,77610436" E 175° 29' 39,53578002" 312,7286027795| 288,0000000000| 9999999,8291835500 -3,5942093746E-10| 0,0000000000E+00| -1,7081644572E-01 -1,1493062491E-10| 0,0000000000E+00 -1,7081644572E-06
306,0| 10000000,0 | N 29° 33' 39,85426034" E 163° 47' 1,10586598" 312,7286027802 | 306,0000000000| 10000000,8804874000 4,3644377001E-10| 0,0000000000E+00| 8,8048749603E-01 1,3955991429E-10| 0,0000000000E+00 8,8048749603E-06
324,0/ 10000000,0 [N 42° 38' 31,90107873" E 148° 22' 38,33496905" 312,7286027800 | 324,0000000000| 9999999,0451662200 1,4301804185E-10| 0,0000000000E+00| -9,5483377390E-01 4,5732318880E-11| 0,0000000000E+00 -9,5483377390E-06
342,0| 10000000,0 [N 52° 39' 44,36719388" E 126° 3' 25,85256823" 312,7286027802 | 342,0000000000 9662645800 4,2268766265E-10 | 0,0000000000E+00 | -1,0337354168E+00 1,3516117774E-10| 0,0000000000E+00 -1,0337354168E-05
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TABELA 5.3 — RESULTADOS OBTIDOS A PARTIR DA POSI CAO EBBR, n¥10, n

=10

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
0,0 1,0 [N 50° 54' 0,03235303" W 4°29'0,0" 1524,0185320666 0,0000012100 1,0000042688 1,2100827007E-09 | 1,2100000000E-06 | 4,2688334361E-06 7,9400786490E-11| 0,0000000000E+00 4,2688334361E-04
18,0 1,0| N 50° 54' 0,03076873" W 4° 28' 59,98419062" 1524,0185320656 | 18,0000000100 0,9999849832 2,7898749977E-10| 1,0000000000E-08 | -1,5016761608E-05 1,8306043785E-11| 5,5555555556E-08 -1,5016761608E-03
36,0 1,0 N 50° 54' 0,02617361" W 4° 28' 59,96992858" 1524,0185320647 | 35,9999999700 0,9999879469 -6,5233507485E-10 | -3,0000000000E-08 | -1,2053060345E-05 -4,2803618271E-11| -8,3333333333E-08 -1,2053060345E-03
54,0 1,0|N 50° 54' 0,01901648" W 4° 28' 59,95860972" 1524,0185320647 | 54,0000000000 0,9999960523 -6,5278982220E-10| 0,0000000000E+00 | -3,9477017708E-06 -4,2833456973E-11| 0,0000000000E+00 -3,9477017708E-04
72,0 1,0| N 50° 54' 0,00999759" W 4° 28' 59,95134262" 1524,0185320647 | 72,0000000000 1,0000033665 -6,5233507485E-10| 0,0000000000E+00| 3,3664982766E-06 -4,2803618271E-11| 0,0000000000E+00 3,3664982766E-04
90,0 1,0 N 50° 54' 0,0" W 4° 28' 59,94883881" 1524,0185320647 | 89,9999999900 1,0000100324 -6,5233507485E-10| -1,0000000000E-08 | 1,0032402769E-05 -4,2803618271E-11| -1,1111111111E-08 1,0032402769E-03
108,0 1,0 N 50° 53' 59,9900024" W 4° 28' 59,95134262" 1524,0185320666 | 107,9999999300 1,0000033671 1,2100827007E-09 | -7,0000000000E-08 | 3,3670803532E-06 7,9400786490E-11| -6,4814814815E-08 3,3670803532E-04
126,0 1,0|N 50° 53' 59,98098351" W 4° 28' 59,95860973" 1524,0185320656 | 125,9999999700 0,9999960525 2,7898749977E-10| -3,0000000000E-08 | -3,9474689402E-06 1,8306043785E-11| -2,3809523810E-08 -3,9474689402E-04
144,0 1,0|N 50° 53' 59,97382639" W 4° 28' 59,96992859" 1524,0185320647 | 143,9999999600 0,9999879459 -6,5233507485E-10 | -4,0000000000E-08| -1,2054108083E-05 -4,2803618271E-11| -2,7777777778E-08 -1,2054108083E-03
162,0 1,0 N 50° 53' 59,96923127" W 4° 28' 59,98419063" 1524,0185320656 | 161,9999999900 0,9999849842 2,7876012609E-10 | -1,0000000000E-08| -1,5015830286E-05 1,8291124434E-11| -6,1728395062E-09 -1,56015830286E-03
180,0 1,0|N 50° 53' 59,96764697" W 4°29'0,0" 1524,0185320666 | 179,9999987900 1,0000042694 1,2100827007E-09 | -1,2100000000E-06| 4,2694155127E-06 7,9400786490E-11| -6,7222222222E-07 4,2694155127E-04
198,0 1,0|N 50° 53' 59,96923127" W 4° 29'0,01580937" 1524,0185320647 | 198,0000000000 0,9999849834 -6,5233507485E-10| 0,0000000000E+00| -1,5016645193E-05 -4,2803618271E-11| 0,0000000000E+00 -1,5016645193E-03
216,0 1,0 N 50° 53' 59,97382639" W 4°29'0,03007141" 1524,0185320675| 215 99700 0,9999879447 2,1414052753E-09 | -3,0000000000E-08 | -1,2055272236E-05 1,4051044855E-10| -1 -08 -1,2055272236E-03
234,0 1,0 N 50° 53' 59,98098351" W 4°29'0,04139027" 1524,0185320656 | 234,0000000000 0,9999960517 2,7876012609E-10 | 0,0000000000E+00| -3,9483129513E-06 1,8291124434E-11| 0,0000000000E+00 -3,9483129513E-04
252,0 1,0| N 50° 53' 59,9900024" W 4° 29' 0,04865738" 1524,0185320666 | 252,0000000700 1,0000033663 1,2100827007E-09| 7,0000000000E-08| 3,3663236536E-06 7,9400786490E-11| 2,7777777778E-08 3,3663236536E-04
270,0 1,0 N 50° 54' 0,0" W 4°29'0,05116119" 1524,0185320647 | 270,0000000600 1,0000100318 -6,5233507485E-10| 6,0000000000E-08| 1,0031773971E-05 -4,2803618271E-11| 2,2222222222E-08 1,0031773971E-03
288,0 1,0 N 50° 54' 0,00999759" W 4°29'0,04865738" 1524,0185320656 | 288,0000000200 1,0000033653 2,7876012609E-10| 2,0000000000E-08| 3,3653341234E-06 1,8291124434E-11| 6,9444444444E-09 3,3653341234E-04
306,0 1,0|N 50° 54' 0,01901648" W 4° 29' 0,04139028" 1524,0185320647 | 306,0000000700 0,9999960518 -6,5233507485E-10| 7,0000000000E-08 | -3,9481674321E-06 -4,2803618271E-11| 2,2875816993E-08 -3,9481674321E-04
324,0 1,0| N 50° 54' 0,02617361" W 4° 29'0,03007142" 1524,0185320666 | 324,0000000300 0,9999879473 1,2100827007E-09| 3,0000000000E-08 | -1,2052711099E-05 7,9400786490E-11| 9,2592592593E-09 -1,2052711099E-03
342,0 1,0 N 50° 54' 0,03076873" W 4°29'0,01580938" 1524,0185320656 | 342,0000000300 0,9999849834 2,7898749977E-10| 3,0000000000E-08 | -1,5016645193E-05 1,8306043785E-11| 8,7719298246E-09 -1,5016645193E-03
0,0 10,0 |N 50° 54' 0,32353035" W 4°29'0,0" 1524,0185320666 0,0000008500 10,0000426525 1,2100827007E-09 | 8,5000000000E-07 | 4,2652478442E-05 7,9400786490E-11| 0,0000000000E+00 4,2652478442E-04
18,0 10,0| N 50° 54' 0,30768725" W 4° 28' 59,84190596" 1524,0185320638 | 18,0000000000 9,9998498446 -1,5836576495E-09 | 0,0000000000E+00| -1,5015539248E-04 -1,0391328033E-10| 0,0000000000E+00 -1,5015539248E-03
36,0 10,0 |N 50° 54' 0,26173602" W 4° 28' 59,6992854" 1524,0185320656 | 36,0000000000 9,9998794569 2,7876012609E-10| 0,0000000000E+00| -1,2054311810E-04 1,8291124434E-11| 0,0000000000E+00 -1,2054311810E-03
54,0 10,0 |N 50° 54' 0,19016465" W 4° 28' 59,58609675" 1524,0185320666 | 54,0000000000 9,9999605032 1,2103100744E-09 | 0,0000000000E+00 | -3,9496779209E-05 7,9415705841E-11| 0,0000000000E+00 -3,9496779209E-04
72,0 10,0| N 50° 54' 0,09997569" W 4° 28' 59,51342591" 1524,0185320647 | 72,0000000000 10,0000336408 -6,5278982220E-10| 0,0000000000E+00| 3,3640768379E-05 -4,2833456973E-11| 0,0000000000E+00 3,3640768379E-04
90,0 10,0| N 50° 53' 59,99999969" W 4° 28' 59,48838813" 1524,0185320638 | 90,0000000000 10,0001002943 -1,5841123968E-09| 0,0000000000E+00| 1,0029432689E-04 -1,0394311903E-10| 0,0000000000E+00 1,0029432689E-03
108,0 10,0 |N 50° 53' 59,90002375" W 4° 28' 59,51342648" 1524,0185320647 | 108,0000000000 10,0000336896 -6,5256244852E-10| 0,0000000000E+00| 3,3689604606E-05 -4,2818537622E-11| 0,0000000000E+00 3,3689604606E-04
126,0 10,0|N 50° 53' 59,80983494" W 4° 28' 59,58609769" 1524,0185320647 | 126,0000000000 9,9999605385 -6,5256244852E-10| 0,0000000000E+00| -3,9461534470E-05 -4,2818537622E-11| 0,0000000000E+00 -3,9461534470E-04
144,0 10,0| N 50° 53' 59,73826376" W 4° 28' 59,69928634" 1524,0185320656 | 144,0000000000 9,9998794661 2,7876012609E-10| 0,0000000000E+00| -1,2053392129E-04 1,8291124434E-11| 0,0000000000E+00 -1,2053392129E-03
162,0 10,0 |N 50° 53' 59,69231269" W 4° 28' 59,84190654" 1524,0185320647 | 162,0000000000 9,9998498436 -6,5256244852E-10| 0,0000000000E+00| -1,5015644021E-04 -4,2818537622E-11| 0,0000000000E+00 -1,5015644021E-03
180,0 10,0 | N 50° 53' 59,67646965" W 4°29'0,0" 1524,0185320656 | 180,0000000000 10,0000427240 2,7898749977E-10| 0,0000000000E+00| 4,2723957449E-05 1,8306043785E-11| 0,0000000000E+00 4,2723957449E-04
198,0 10,0|N 50° 53' 59,69231269" W 4° 29' 0,15809346" 1524,0185320656 | 198,0000000000 9,9998498433 2,7898749977E-10| 0,0000000000E+00| -1,5015667304E-04 1,8306043785E-11| 0,0000000000E+00 -1,5015667304E-03

(conti nua)
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Tabela 5.3 -

Cont i nuacao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
216,0 10,0 |N 50° 53' 59,73826376" W 4° 29'0,30071366" 1524,0185320656 | 216,0000000000 9,9998794649 2,7876012609E-10 | 0,0000000000E+00| -1,2053514365E-04 1,8291124434E-11| 0,0000000000E+00 -1,2053514365E-03
234,0 10,0| N 50° 53' 59,80983494" W 4° 29'0,41390231" 1524,0185320647 | 234,0000000000 9,9999605376 -6,5256244852E-10| 0,0000000000E+00| -3,9462407585E-05 -4,2818537622E-11| 0,0000000000E+00 -3,9462407585E-04
252,0 10,0 |N 50° 53' 59,90002375" W 4° 29'0,48657352" 1524,0185320647 | 252,0000000000 10,0000336893 -6,5256244852E-10| 0,0000000000E+00| 3,3689313568E-05 -4,2818537622E-11| 0,0000000000E+00 3,3689313568E-04
270,0 10,0| N 50° 53' 59,99999969" W 4°29'0,51161187" 1524,0185320656 | 270,0000000000 10,0001002938 2,7898749977E-10| 0,0000000000E+00| 1,0029380494E-04 1,8306043785E-11| 0,0000000000E+00 1,0029380494E-03
288,0 10,0| N 50° 54' 0,09997569" W 4° 29' 0,48657409" 1524,0185320656 | 288,0000000000 10,0000336402 2,7853275242E-10| 0,0000000000E+00| 3,3640186302E-05 1,8276205083E-11| 0,0000000000E+00 3,3640186302E-04
306,0 10,0 | N 50° 54' 0,19016465" W 4°29'0,41390325" 1524,0185320647 | 306,0000000000 9,9999605021 -6,5256244852E-10| 0,0000000000E+00| -3,9497885155E-05 -4,2818537622E-11| 0,0000000000E+00 -3,9497885155E-04
324,0 10,0 |N 50° 54' 0,26173602" W 4° 29'0,3007146" 1524,0185320647 | 324,0000000000 9,9998794597 -6,5233507485E-10 | 0,0000000000E+00| -1,2054026593E-04 -4,2803618271E-11| 0,0000000000E+00 -1,2054026593E-03
342,0 10,0|N 50° 54' 0,30768725" W 4° 29' 0,15809404" 1524,0185320666 | 342,0000000000 9,9998498450 1,2100827007E-09| 0,0000000000E+00| -1,5015504323E-04 7,9400786490E-11| 0,0000000000E+00 -1,5015504323E-03
0,0 100,0 | N 50° 54' 3,23530316" W 4°29'0,0" 1524,0185320656 0,0000008500 100,0004233544 2,7830537874E-10| 8,5000000000E-07 | 4,2335444596E-04 1,8261285732E-11| 0,0000000000E+00 4,2335444596E-04
18,0 100,0 | N 50° 54' 3,07686954" W 4° 28' 58,41903361" 1524,0185320647 | 18,0000000000 99,9984984628 -6,56301719587E-10| 0,0000000000E+00| -1,5015371609E-03 -4,2848376324E-11| 0,0000000000E+00 -1,5015371609E-03
36,0 100,0 | N 50° 54' 2,61735032" W 4° 28' 56,99281199" 1524,0185320675| 36,0000000000 99,9987942310 2,1409505280E-09| 0,0000000000E+00| -1,2057689601E-03 1,4048060984E-10| 0,0000000000E+00 -1,2057689601E-03
54,0 100,0 | N 50° 54' 1,90162812" W 4° 28' 55,86092549" 1524,0185320675| 54,0000000000 99,9996034591 2,1411779016E-09| 0,0000000000E+00| -3,9654091233E-04 1,4049552919E-10| 0,0000000000E+00 -3,9654091233E-04
72,0 100,0 | N 50° 54' 0,9997316" W 4° 28' 55,1342331" 1524,0185320656 | 72,0000000000 100,0003342306 2,7898749977E-10| 0,0000000000E+00| 3,3423060086E-04 1,8306043785E-11| 0,0000000000E+00 3,3423060086E-04
90,0 100,0 | N 50° 53' 59,99996895" W 4° 28' 54,8838813" 1524,0185320666 | 90,0000000000 100,0010001891 1,2100827007E-09 | 0,0000000000E+00| 1,0001891052E-03 7,9400786490E-11| 0,0000000000E+00 1,0001891052E-03
108,0 100,0 | N 50° 53' 59,00021215" W 4° 28' 55,13429083" 1524,0185320656 | 108,0000000000 100,0003390759 2,7876012609E-10| 0,0000000000E+00| 3,3907586476E-04 1,8291124434E-11| 0,0000000000E+00 3,3907586476E-04
126,0 100,0 | N 50° 53' 58,098331" W 4° 28' 55,8610189" 1524,0185320656 | 126,0000000000 99,9996069521 2,7944224712E-10| 0,0000000000E+00| -3,9304787060E-04 1,8335882487E-11| 0,0000000000E+00 -3,9304787060E-04
144,0 100,0 | N 50° 53' 57,38262779" W 4° 28' 56,99290539" 1524,0185320666 | 144,0000000000 99,9987950160 1,2105374481E-09 | 0,0000000000E+00| -1,2049840298E-03 7,9430625192E-11| 0,0000000000E+00 -1,2049840298E-03
162,0 100,0 | N 50° 53' 56,92312392" W 4° 28' 58,41909134" 1524,0185320638 | 162,0000000000 99,9984984216 -1,5832029021E-09| 0,0000000000E+00| -1,5015783720E-03 -1,0388344162E-10| 0,0000000000E+00 -1,5015783720E-03
180,0 100,0 | N 50° 53' 56,76469617" W 4°29'0,0" 1524,0185320656 | 180,0000000000 100,0004304197 2,7944224712E-10| 0,0000000000E+00| 4,3041969184E-04 1,8335882487E-11| 0,0000000000E+00 4,3041969184E-04
198,0 100,0 | N 50° 53' 56,92312392" W 4° 29' 1,58090866" 1524,0185320647 | 198,0000000000 99,9984984199 -6,5142558014E-10| 0,0000000000E+00| -1,5015801182E-03 -4,2743940867E-11| 0,0000000000E+00 -1,5015801182E-03
216,0 100,0 | N 50° 53' 57,38262779" W 4° 29' 3,00709461" 1524,0185320656 | 216,0000000000 99,9987950153 2,7944224712E-10| 0,0000000000E+00| -1,2049846700E-03 1,8335882487E-11| 0,0000000000E+00 -1,2049846700E-03
234,0 100,0 | N 50° 53' 58,098331" W 4°29'4,1389811" 1524,0185320656 | 234,0000000000 99,9996069517 2,7944224712E-10| 0,0000000000E+00 | -3,9304827806E-04 1,8335882487E-11| 0,0000000000E+00 -3,9304827806E-04
252,0 100,0 | N 50° 53' 59,00021215" W 4° 29' 4,86570917" 1524,0185320656 | 252,0000000000 100,0003390759 2,7898749977E-10| 0,0000000000E+00| 3,3907586476E-04 1,8306043785E-11| 0,0000000000E+00 3,3907586476E-04
270,0 100,0 | N 50° 53' 59,99996895" W 4°29'5,1161187" 1524,0185320638 | 270,0000000000 100,0010001885 -1,6836576495E-09 | 0,0000000000E+00| 1,0001884837E-03 -1,0391328033E-10| 0,0000000000E+00 1,0001884837E-03
288,0 100,0 | N 50° 54' 0,9997316" W 4° 29' 4,86576691" 1524,0185320666 | 288,0000000000 100,0003342306 1,2098553270E-09 | 0,0000000000E+00| 3,3423060086E-04 7,9385867139E-11| 0,0000000000E+00 3,3423060086E-04
306,0 100,0 | N 50° 54' 1,90162812" W 4° 29'4,13907451" 1524,0185320647 | 306,0000000000 99,9996034591 -6,5278982220E-10| 0,0000000000E+00| -3,9654094144E-04 -4,2833456973E-11| 0,0000000000E+00 -3,9654094144E-04
324,0 100,0 | N 50° 54' 2,61735032" W 4° 29'3,00718801" 1524,0185320675 | 324,0000000000 99,9987942306 2,1409505280E-09| 0,0000000000E+00| -1,2057694257E-03 1,4048060984E-10| 0,0000000000E+00 -1,2057694257E-03
342,0 100,0 | N 50° 54' 3,07686954" W 4° 29' 1,58096639" 1524,0185320647 | 342,0000000000 99,9984984612 -6,5301719587E-10| 0,0000000000E+00| -1,5015387908E-03 -4,2848376324E-11| 0,0000000000E+00 -1,5015387908E-03
0,0 1000,0 | N 50° 54' 32,35300156" W 4°29'0,0" 1524,0185320666 0,0000012100 1000,0039176649 1,2037162378E-09| 1,2100000000E-06| 3,9176648716E-03 7,8983044659E-11| 0,0000000000E+00 3,9176648716E-04
18,0 1000,0 | N 50° 54' 30,76840131" W 4° 28' 44,18773777" 1524,0185320656 | 18,0000000000 999,9849885086 2,7239366318E-10| 0,0000000000E+00| -1,5011491370E-02 1,7873382603E-11| 0,0000000000E+00 -1,5011491370E-03
36,0 1000,0 | N 50° 54' 26,17251773" W 4° 28' 29,92391585" 1524,0185320656 | 36,0000000000 999,9879090033 2,7353053156E-10 | 0,0000000000E+00| -1,2090996723E-02 1,7947979359E-11| 0,0000000000E+00 -1,2090996723E-03
54,0 1000,0 | N 50° 54' 19,01444129" W 4° 28' 18,60505123" 1524,0185320656 | 54,0000000000 999,9958794483 2,7512214729E-10| 0,0000000000E+00| -4,1205517191E-03 1,8052414816E-11| 0,0000000000E+00 -4,1205517191E-04
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Tabela 5.3 -

Cont i nuacao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
72,0 1000,0 | N 50° 54' 9,99478496" W 4° 28' 11,33973343" 1524,0185320647 | 72,0000000000 1000,0031263079 -6,5460881160E-10 | 0,0000000000E+00| 3,1263078563E-03 -4,2952811782E-11| 0,0000000000E+00 3,1263078563E-04
90,0 1000,0 | N 50° 53' 59,99689458" W 4° 28" 8,8388136" 1524,0185320656 | 90,0000000000 1000,0097285950 2,7898749977E-10| 0,0000000000E+00| 9,7285950069E-03 1,8306043785E-11| 0,0000000000E+00 9,7285950069E-04
108,0 1000,0 | N 50° 53' 49,99959086" W 4° 28" 11,34550643" 1524,0185320656 | 108,0000000000 1000,0036108254 2,8103386285E-10 | 0,0000000000E+00| 3,6108253989E-03 1,8440317945E-11| 0,0000000000E+00 3,6108253989E-04
126,0 1000,0 | N 50° 53' 40,98147058" W 4° 28" 18,61439206" 1524,0185320656 | 126,0000000000 999,9962287363 2,8262547858E-10| 0,0000000000E+00| -3,7712637277E-03 1,8544753402E-11| 0,0000000000E+00 -3,7712637277E-04
144,0 1000,0 | N 50° 53' 33,82529281" W 4° 28' 29,93325644" 1524,0185320675| 144,0000000000 999,9879875267 2,1468622435E-09 | 0,0000000000E+00| -1,2012473308E-02 1,4086851297E-10| 0,0000000000E+00 -1,2012473308E-03
162,0 1000,0 | N 50° 53' 29,23094521" W 4° 28' 44,1935105" 1524,0185320647 | 162,0000000000 999,9849843837 -6,4596861193E-10| 0,0000000000E+00| -1,5015616314E-02 -4,2385876441E-11| 0,0000000000E+00 -1,5015616314E-03
180,0 1000,0 | N 50° 53' 27,64693164" W 4°29'0,0" 1524,0185320656 | 180,0000000000 1000,0046241527 2,8535396268E-10 | 0,0000000000E+00| 4,6241526725E-03 1,8723785615E-11| 0,0000000000E+00 4,6241526725E-04
198,0 1000,0 | N 50° 53' 29,23094521" W 4° 29' 15,8064895" 1524,0185320647 | 198,0000000000 999,9849843830 -6,4642335929E-10| 0,0000000000E+00| -1,5015617013E-02 -4,2415715143E-11| 0,0000000000E+00 -1,5015617013E-03
216,0 1000,0 | N 50° 53' 33,82529281" W 4° 29' 30,06674356" 1524,0185320656 | 216,0000000000 999,9879875272 2,8421709430E-10| 0,0000000000E+00| -1,2012472842E-02 1,8649188860E-11| 0,0000000000E+00 -1,2012472842E-03
234,0 1000,0 | N 50° 53' 40,98147058" W 4° 29' 41,38560794" 1524,0185320656 | 234,0000000000 999,9962287362 2,8262547858E-10 | 0,0000000000E+00| -3,7712637568E-03 1,8544753402E-11| 0,0000000000E+00 -3,7712637568E-04
252,0 1000,0 | N 50° 53' 49,99959086" W 4° 29' 48,65449357" 1524,0185320647 | 252,0000000000 1000,0036108256 -6,5028871177E-10| 0,0000000000E+00| 3,6108256318E-03 -4,2669344111E-11| 0,0000000000E+00 3,6108256318E-04
270,0 1000,0 | N 50° 53' 59,99689458" W 4°29'51,1611864" 1524,0185320666 | 270,0000000000 1000,0097285944 1,2100827007E-09 | 0,0000000000E+00| 9,7285944074E-03 7,9400786490E-11| 0,0000000000E+00 9,7285944074E-04
288,0 1000,0 | N 50° 54' 9,99478496" W 4° 29" 48,66026657" 1524,0185320647 | 288,0000000000 1000,0031263081 -6,5460881160E-10| 0,0000000000E+00| 3,1263080891E-03 -4,2952811782E-11| 0,0000000000E+00 3,1263080891E-04
306,0 1000,0 | N 50° 54' 19,01444129" W 4° 29' 41,39494877" 1524,0185320656 | 306,0000000000 999,9958794474 2,7512214729E-10| 0,0000000000E+00| -4,1205525631E-03 1,8052414816E-11| 0,0000000000E+00 -4,1205525631E-04
324,0 1000,0 | N 50° 54' 26,17251773" W 4° 29' 30,07608415" 1524,0185320647 | 324,0000000000 999,9879090029 -6,5779204306E-10| 0,0000000000E+00| -1,2090997130E-02 -4,3161682697E-11| 0,0000000000E+00 -1,2090997130E-03
342,0 1000,0 | N 50° 54' 30,76840131" W 4° 29' 15,81226223" 1524,0185320647 | 342,0000000000 999,9849885083 -6,5870153776E-10| 0,0000000000E+00| -1,5011491720E-02 -4,3221360102E-11| 0,0000000000E+00 -1,5011491720E-03
0,0 10000,0 [N 50° 59' 23,52701008" W 4°29'0,0" 1524,0185320656 0,0000000000 10000,0094199329 2,1373125492E-10| 0,0000000000E+00| 9,4199329615E-03 1,4024190023E-11| 0,0000000000E+00 9,4199329615E-05
18,0 10000,0 [N 50° 59' 7,65507312" W 4° 26' 21,61670983" 1524,0185320656 | 18,0000000000 9999,8693003793 2,1714186005E-10| 0,0000000000E+00| -1,3069962070E-01 1,4247980289E-11| 0,0000000000E+00 -1,3069962070E-03
36,0 10000,0 [N 50° 58' 21,62645166" W 4° 23' 58,81807891" 1524,0185320656 | 36,0000000000 9999,8775915220 2,2646418074E-10| 0,0000000000E+00| -1,2240847800E-01 1,4859673684E-11| 0,0000000000E+00 -1,2240847800E-03
54,0 10000,0 | N 50° 57 9,96017189" W 4° 22" 5,62986668" 1524,0185320656 | 54,0000000000 9999,9451116678 2,4056134862E-10| 0,0000000000E+00| -5,4888332204E-02 1,5784673451E-11| 0,0000000000E+00 -5,4888332204E-04
72,0 10000,0 [N 50° 55' 39,69456176" W 4° 20' 53,13787838" 1524,0185320656 | 72,0000000000 10000,0114951266 2,56897861633E-10 | 0,0000000000E+00| 1,1495126644E-02 1,6993140889E-11| 0,0000000000E+00 1,1495126644E-04
90,0 10000,0 [N 50° 53' 59,68945862" W 4° 20" 28,3887582" 1524,0185320656 | 90,0000000000 10000,0717882922 2,7898749977E-10| 0,0000000000E+00| 7,1788292240E-02 1,8306043785E-11| 0,0000000000E+00 7,1788292240E-04
108,0 10000,0 | N 50° 52' 19,74302071" W 4° 20" 53,71517602" 1524,0185320647 | 108,0000000000 10000,0599468486 -6,3209881773E-10| 0,0000000000E+00| 5,9946848662E-02 -4,1475796024E-11| 0,0000000000E+00 5,9946848662E-04
126,0 10000,0 | N 50° 50' 49,63101507" W 4° 22' 6,56394889" 1524,0185320657 | 126,0000000000 9999,9800405448 3,1695890357E-10| 0,0000000000E+00 | -1,9959455240E-02 2,0797575417E-11| 0,0000000000E+00 -1,9959455240E-04
144,0 10000,0 [N 50° 49' 38,15460172" W 4° 23' 59,75214009" 1524,0185320647 | 144,0000000000 9999,8854437855 -6,0049387685E-10| 0,0000000000E+00 | -1,1455621454E-01 -3,9402006223E-11| 0,0000000000E+00 -1,1455621454E-03
162,0 10000,0 [N 50° 48' 52,28010962" W 4° 26' 22,19425937" 1524,0185320638 | 162,0000000000 9999,8516931750 -1,56227215044E-09| 0,0000000000E+00| -1,4830682497E-01 -9,9914894236E-11| 0,0000000000E+00 -1,4830682497E-03
180,0 10000,0 | N 50° 48' 36,46630936" W 4° 29'0,0" 1524,0185320648 | 180,0000000000 10000,0800685393 -5,8844307205E-10| 0,0000000000E+00| 8,0068539362E-02 -3,8611280615E-11| 0,0000000000E+00 8,0068539362E-04
198,0 10000,0 [N 50° 48' 52,28010962" W 4° 31' 37,80574063" 1524,0185320657 | 198,0000000000 9999,8516931755 3,3992364479E-10| 0,0000000000E+00 | -1,4830682450E-01 2,2304429876E-11| 0,0000000000E+00 -1,4830682450E-03
216,0 10000,0 [N 50° 49" 38,15460172" W 4° 34'0,24785991" 1524,0185320657 | 216,0000000000 9999,8854437856 3,3082869777E-10| 0,0000000000E+00| -1,1455621436E-01 2,1707655833E-11| 0,0000000000E+00 -1,1455621436E-03
234,0 10000,0 | N 50° 50' 49,63101507" W 4° 35' 53,43605111" 1524,0185320657 | 234,0000000000 9999,9800405456 3,1695890357E-10| 0,0000000000E+00| -1,9959454366E-02 2,0797575417E-11| 0,0000000000E+00 -1,9959454366E-04
252,0 10000,0 [N 50° 52' 19,74302071" W 4° 37' 6,28482398" 1524,0185320666 | 252,0000000000 10000,0599468481 1,2303189578E-09 | 0,0000000000E+00| 5,9946848196E-02 8,0728608737E-11| 0,0000000000E+00 5,9946848196E-04
270,0 10000,0 [N 50° 53' 59,68945862" W 4°37'31,6112418" 1524,0185320638 | 270,0000000000 10000,0717882914 -1,5838850231E-09| 0,0000000000E+00| 7,1788291494E-02 -1,0392819968E-10| 0,0000000000E+00 7,1788291494E-04

(conti nua)




LYT

Tabela 5.3 -

Cont i nuacao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
288,0 10000,0 | N 50° 55' 39,69456176" W 4° 37'6,86212162" 1524,0185320665| 288,0000000000 10000,0114951265 1,1903011909E-09 | 0,0000000000E+00| 1,1495126528E-02 7,8102802945E-11| 0,0000000000E+00 1,1495126528E-04
306,0 10000,0 [N 50° 57' 9,96017189" W 4° 35' 54,37013332" 1524,0185320656 | 306,0000000000 9999,9451116682 2,4056134862E-10| 0,0000000000E+00| -5,4888331797E-02 1,5784673451E-11| 0,0000000000E+00 -5,4888331797E-04
324,0 10000,0 | N 50° 58' 21,62645166" W 4° 34'1,18192109" 1524,0185320656 | 324,0000000000 9999,8775915226 2,2646418074E-10| 0,0000000000E+00| -1,2240847741E-01 1,4859673684E-11| 0,0000000000E+00 -1,2240847741E-03
342,0 10000,0 [N 50° 59' 7,65506864" W 4° 31' 38,38328786" 1524,0185320665 | 342,0000000000 9999,8691547726 1,1484644347E-09| 0,0000000000E+00| -1,3084522740E-01 7,6357642345E-11| 0,0000000000E+00 -1,3084522740E-03
0,0 100000,0 |N 51° 47' 55,02790863" W 4°29'0,0" 1524,0185320659 0,0000008500 99999,9959320998 5,2227733249E-10| 8,5000000000E-07 | -4,0679001249E-03 3,4269749449E-11| 0,0000000000E+00 -4,0679001249E-06
18,0 100000,0|N 51° 45' 13,67540104" W 4° 2'9,48701229" 1524,0185320659| 18,0000000000 99999,9984128112 5,5842974689E-10| 0,0000000000E+00| -1,5871888027E-03 3,6641926272E-11| 0,0000000000E+00 -1,5871888027E-06
36,0 100000,0 [N 51° 37" 26,29322999" W 3° 38' 5,28642297" 1524,0185320660| 36,0000000000 99999,9918618191 6,6211214289E-10| 0,0000000000E+00| -8,1381808268E-03 4,3445150368E-11| 0,0000000000E+00 -8,1381808268E-06
54,0 100000,0 [N 51° 25' 20,9537 1544" W 3° 19' 13,90266859" 1524,0185320652| 54,0000000000 99999,9903498239 -1,1095835362E-10| 0,0000000000E+00| -9,6501761000E-03 -7,2806433309E-12| 0,0000000000E+00 -9,6501761000E-06
72,0 100000,0 |N 51° 10" 11,4416993" W 3° 7' 25,72080076" 1524,0185320664 | 72,0000000000 99999,9914865129 1,0124949767E-09 | 0,0000000000E+00| -8,5134870606E-03 6,6435870394E-11| 0,0000000000E+00 -8,5134870606E-06
90,0 100000,0 | N 50° 53' 28,94929554" W 3° 3'44,50961422" 1524,0185320656 | 90,0000000000 99999,9998872334 2,8512658901E-10 | 0,0000000000E+00| -1,1276651639E-04 1,8708866264E-11| 0,0000000000E+00 -1,1276651639E-07
108,0 100000,0 | N 50° 36' 52,33586122" W 3° 8' 23,50759674" 1524,0185320649 | 108,0000000000 99999,9916163928 -4,5156411943E-10| 0,0000000000E+00| -8,3836071426E-03 -2,9629831261E-11| 0,0000000000E+00 -8,3836071426E-06
126,0 100000,0 |N 50° 21' 58,21856043" W 3° 20" 47,42644196" 1524,0185320651| 126,0000000000 99999,9907358701 -2,8421709430E-10| 0,0000000000E+00| -9,2641298688E-03 -1,8649188860E-11| 0,0000000000E+00 -9,2641298688E-06
144,0 100000,0|N 50° 10" 11,9146713" W 3° 39' 38,83856823" 1524,0185320652 | 144,0000000000 99999,9956299758 -1,5688783606E-10| 0,0000000000E+00| -4,3700241367E-03 -1,0294352251E-11| 0,0000000000E+00 -4,3700241367E-06
162,0 100000,0 | N 50° 2' 39,93815041" W 4° 3'7,31982486" 1524,0185320643 | 162,0000000000 99999,9987025803 -1,0088569979E-09 | 0,0000000000E+00| -1,2974196579E-03 -6,6197160777E-11| 0,0000000000E+00 -1,2974196579E-06
180,0 100000,0 | N 50° 0' 4,47140538" W 4°29'0,0" 1524,0185320644 | 180,0000000000 99999,9964870966 -9,8202690424E-10| 0,0000000000E+00| -3,5129033495E-03 -6,4436677349E-11| 0,0000000000E+00 -3,5129033495E-06
198,0 100000,0 | N 50° 2' 39,93815041" W 4° 54' 52,68017514" 1524,0185320643 | 198,0000000000 99999,9987025812 -1,0088569979E-09 | 0,0000000000E+00| -1,2974187266E-03 -6,6197160777E-11| 0,0000000000E+00 -1,2974187266E-06
216,0 100000,0 [N 50° 10' 11,91475947" W 5° 18' 21,16133433" 1524,0185320661 | 216,0000000000 99999, 307 7,7488948591E-10 | 0,0000000000E+00| -1,1111069296E-02 5,0845148508E-11| 0,0000000000E+00 -1,1111069296E-05
234,0 100000,0 [N 50° 21' 58,21856043" W 5° 37' 12,57355804" 1524,0185320669 | 234,0000000000 99999,9907358705 1,5784280549E-09 | 0,0000000000E+00| -9,2641294177E-03 1,0357013525E-10| 0,0000000000E+00 -9,2641294177E-06
252,0 100000,0 |N 50° 36' 52,33586122" W 5° 49' 36,49240326" 1524,0185320658 | 252,0000000000 99999,9916163925 4,7975845519E-10| 0,0000000000E+00| -8,3836074919E-03 3,1479830795E-11| 0,0000000000E+00 -8,3836074919E-06
270,0 100000,0 | N 50° 53' 28,94929554" W 5° 54' 15,49038578" 1524,0185320656 | 270,0000000000 99999,9998872329 2,8512658901E-10| 0,0000000000E+00| -1,1276709847E-04 1,8708866264E-11| 0,0000000000E+00 -1,1276709847E-07
288,0 100000,0 [N 51° 10' 11,4416993" W 5° 50' 34,27919924" 1524,0185320645 | 288,0000000000 99999,9914865120 -8,6015017248E-10| 0,0000000000E+00| -8,5134879337E-03 -5,6783453718E-11| 0,0000000000E+00 -8,5134879337E-06
306,0 100000,0 |N 51° 25' 20,9537 1544" W 5° 38' 46,09733141" 1524,0185320652 | 306,0000000000 99999,9903498243 -1,1095835362E-10| 0,0000000000E+00| -9,6501756634E-03 -7,2806433309E-12| 0,0000000000E+00 -9,6501756634E-06
324,0 100000,0|N 51° 37" 26,29322999" W 5° 19' 54,71357703" 1524,0185320660 | 324,0000000000 99999,9952160709 6,6211214289E-10| 0,0000000000E+00| -4,7839290346E-03 4,3445150368E-11| 0,0000000000E+00 -4,7839290346E-06
342,0 100000,0 [N 51° 45' 13,67540104" W 4° 55' 50,51298771" 1524,0185320659 | 342,0000000000 99999,9984128115 5,5842974689E-10| 0,0000000000E+00 | -1,5871884534E-03 3,6641926272E-11| 0,0000000000E+00 -1,6871884534E-06
0,0 1000000,0 | N 59° 52' 48,42240146" W 4°29'0,0" 1524,0185320636 0,0000012100 999999,9349514300 -1,7726051738E-09| 1,2100000000E-06 | -6,5048569115E-02 -1,1631126108E-10| 0,0000000000E+00 -6,5048569115E-06
18,0 1000000,0 | N 59° 20" 7,31846918" E 0° 55' 45,28816675" 1524,0185320670| 18,0000000000 999999,9720683840 1,6950707504E-09 | 0,0000000000E+00| -2,7931615477E-02 1,1122376236E-10| 0,0000000000E+00 -2,7931615477E-06
36,0 1000000,0 | N 57° 48' 4,1969155" E 5° 24' 22,19212749" 1524,0185320661| 36,0000000000 999999,9349237910 7,7625372796E-10 | 0,0000000000E+00| -6,5076208906E-02 5,0934664614E-11| 0,0000000000E+00 -6,5076208906E-06
54,0 1000000,0 [N 55° 31' 56,02831524" E 8° 22' 45,42007497" 1524,0185320660| 54,0000000000 999999,8878351020 6,1777427618E-10| 0,0000000000E+00 | -1,1216489738E-01 4,0535876906E-11| 0,0000000000E+00 -1,1216489738E-05
72,0 1000000,0 |N 52° 50" 43,04363797" E 9° 42' 53,5674483" 1524,0185320659| 72,0000000000 999999,9102424850 5,5183591030E-10| 0,0000000000E+00| -8,9757514768E-02 3,6209265090E-11| 0,0000000000E+00 -8,9757514768E-06
90,0 1000000,0 | N 50° 2' 48,62845662" E 9° 33' 28,37265659" 1524,0185320653 | 90,0000000000 999999,9981605790 -7,8898665379E-11| 0,0000000000E+00| -1,8394200597E-03 -5,1770148275E-12| 0,0000000000E+00 -1,8394200597E-07
108,0 1000000,0 |N 47° 24' 3,27840145" E 8°9'53,7416306" 1524,0185320656 | 108,0000000000 999999,9230979980 2,2191670723E-10 | 0,0000000000E+00| -7,6902001514E-02 1,4561286662E-11| 0,0000000000E+00 -7,6902001514E-06
126,0 1000000,0 | N 45° 7' 18,38727058" E 5° 48' 41,15223925" 1524,0185320659 | 126,0000000000 999999,9261356710 5,6820681493E-10| 0,0000000000E+00| -7,3864328209E-02 3,7283458369E-11| 0,0000000000E+00 -7,3864328209E-06

(conti nua)




81l

Tabela 5.3 -

Concl usao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
144,0 1000000,0 | N 43° 22' 30,21421492" E 2° 45' 31,42772658" 1524,0185320648 | 144,0000000000 999999,9757298100 -5,6274984672E-10| 0,0000000000E+00| -2,4270189810E-02 -3,6925393943E-11| 0,0000000000E+00 -2,4270189810E-06
162,0 1000000,0 | N 42° 16" 45,46504236" W 0° 44' 59,32406031" 1524,0185320663 | 162,0000000000| 1000000,0003010200 9,7111296782E-10| 0,0000000000E+00| 3,0102592427E-04 6,3720548496E-11| 0,0000000000E+00 3,0102592427E-08
180,0 1000000,0 | N 41° 54' 21,77894013" W 4°29'0,0" 1524,0185320652| 179,9999987900 999999,9902535410 -1,0686562746E-10| -1,2100000000E-06| -9,7464583814E-03 -7,0120950113E-12| -6,7222222222E-07 -9,7464583814E-07
198,0 1000000,0 [N 42° 16" 45,46504236" W 8° 13' 0,67593969" 1524,0185320645| 198,0000000000| 1000000,0003010200 -8,9153218141E-10| 0,0000000000E+00| 3,0102743767E-04 -5,8498775616E-11| 0,0000000000E+00 3,0102743767E-08
216,0 1000000,0 | N 43° 22' 30,21421492" W 11° 43' 31,42772658" 1524,0185320648 | 216,0000000000 999999,9757298090 -5,6274984672E-10| 0,0000000000E+00| -2,4270190392E-02 -3,6925393943E-11| 0,0000000000E+00 -2,4270190392E-06
234,0 1000000,0 | N 45° 7' 18,38727058" W 14° 46' 41,15223925 1524,0185320659 | 234,0000000000 999999,9261356690 5,6820681493E-10| 0,0000000000E+00| -7,3864330305E-02 3,7283458369E-11| 0,0000000000E+00 -7,3864330305E-06
252,0 1000000,0 | N 47° 24' 3,27840145" W 17° 7' 53,7416306" 1524,0185320646 | 252,0000000000 999999,9230979970 -7,0917849371E-10| 0,0000000000E+00| -7,6902002678E-02 -4,6533456043E-11| 0,0000000000E+00 -7,6902002678E-06
270,0 1000000,0 | N 50° 2' 48,62845662" W 18° 31' 28,37265659" 1524,0185320653 | 270,0000000000 999999,9981605780 -7,8898665379E-11| 0,0000000000E+00| -1,8394216895E-03 -5,1770148275E-12| 0,0000000000E+00 -1,8394216895E-07
288,0 1000000,0 |N 52° 50" 43,04363797" W 18° 40' 53,5674483" 1524,0185320659 | 288,0000000000 999999,9102424840 5,5183591030E-10| 0,0000000000E+00| -8,9757515118E-02 3,6209265090E-11| 0,0000000000E+00 -8,9757515118E-06
306,0 1000000,0 |N 55° 31' 56,02831524" W 17° 20' 45,42007497" 1524,0185320660 | 306,0000000000 999999,8878351020 6,1777427618E-10| 0,0000000000E+00| -1,1216489796E-01 4,0535876906E-11| 0,0000000000E+00 -1,1216489796E-05
324,0 1000000,0 [N 57° 48' 4,1969155" W 14° 22' 22,19212749" 1524,0185320652 | 324,0000000000 999999,9349237920 -1,5506884665E-10| 0,0000000000E+00| -6,5076207276E-02 -1,0174997442E-11| 0,0000000000E+00 -6,5076207276E-06
342,0 1000000,0 | N 59° 20" 7,31846918" W 9° 53' 45,28816675" 1524,0185320661 | 342,0000000000 999999,9720683850 7,6374817581E-10| 0,0000000000E+00| -2,7931615012E-02 5,0114100304E-11| 0,0000000000E+00 -2,7931615012E-06
0,0/ 10000000,0 |N 39° 25' 22,28642349" E 175° 31'0,0" 1524,0185320657 0,0000000000| 9999998,7665153100 3,5220182326E-10| 0,0000000000E+00 | -1,2334846817E+00 2,3110074835E-11| 0,0000000000E+00 -1,2334846817E-05
18,0/  10000000,0|N 37° 10' 20,89010591" E 152° 45' 25,10604603" 1524,0185320667 | 18,0000000000 | 9999999,7025934500 1,3012595446E-09 | 0,0000000000E+00| -2,9740655050E-01 8,6383446276E-11| 0,0000000000E+00 -2,9740655050E-06
36,0/ 10000000,0 [N 30° 58' 18,85422082" E 132° 20' 5,41069915" 1524,0185320653 | 36,0000000000 ,2923914700 -3,2287061913E-11| 0,0000000000E+00| -7,0760852657E-01 -2,1185478545E-12| 0,0000000000E+00 -7,0760852657E-06
54,0{ 10000000,0|N 22° 0' 16,00868216" E 114° 51'9,12306152" 1524,0185320654 | 54,0000000000| 9999999,2602973700 8,4128259914E-11| 0,0000000000E+00| -7,3970262334E-01 5,5201599025E-12| 0,0000000000E+00 -7,3970262334E-06
72,0/ 10000000,0 [N 11° 24' 35,25247715" E 99° 35' 31,12396618" 1524,0185320663 | 72,0000000000 | 9999999,7469645300 9,3245944299E-10 | 0,0000000000E+00| -2,5303546339E-01 6,1184258811E-11| 0,0000000000E+00 -2,5303546339E-06
90,0/ 10000000,0 [N 0° 4' 38,92874187" E 85° 27' 13,32057654" 1524,0185320657 | 90,0000000000 | 9999999,9186760900 3,2468960853E-10| 0,0000000000E+00| -8,1323904917E-02 2,1304833353E-11| 0,0000000000E+00 -8,1323904917E-07
108,0/  10000000,0|S 11° 15' 39,54929099" E 71°19' 26,53691359" 1524,0185320653 | 108,0000000000| 10000000,3622184000 -2,8421709430E-11| 0,0000000000E+00| 3,6221843027E-01 -1,8649188860E-12| 0,0000000000E+00 3,6221843027E-06
126,0|/ 10000000,0 S 21° 52' 21,5172284" E 56° 5' 14,39966561" 1524,0185320644 | 126,0000000000| 10000000,8132247000 -9,6656549431E-10| 0,0000000000E+00| 8,1322477385E-01 -6,3422161475E-11| 0,0000000000E+00 8,1322477385E-06
144,0|  10000000,0|S 30° 51' 47,93639176" E 38° 38' 16,73312238" 1524,0185320661| 144,0000000000| 10000000,4651561000 7,6533979154E-10| 0,0000000000E+00| 4,6515610442E-01 5,0218535762E-11| 0,0000000000E+00 4,6515610442E-06
162,0/ 10000000,0|S 37° 5'6,10111608" E 18° 14' 55,61810654" 1524,0185320656 | 162,0000000000| 10000000,2185950000 2,8853719414E-10| 0,0000000000E+00| 2,1859500185E-01 1,8932656531E-11| 0,0000000000E+00 2,1859500185E-06
180,0/  10000000,0|S 39° 20' 39,16741322" W 4°29'0,0" 1524,0185320647 | 179,9999987900| 10000001,2992082000 -6,3482730184E-10| -1,2100000000E-06| 1,2992082443E+00 -4,1654828237E-11| -6,7222222222E-07 1,2992082443E-05
198,0/ 10000000,0|S 37° 5'6,10111608" W 27° 12' 55,61810654" 1524,0185320647 | 198,0000000000| 10000000,2185950000 -6,4278538048E-10| 0,0000000000E+00| 2,1859500371E-01 -4,2177005525E-11| 0,0000000000E+00 2,1859500371E-06
216,0| 10000000,0 |S 30° 51'47,93639176" W 47° 36' 16,73312238" 1524,0185320661 | 216,0000000000| 10000021,9758422000 7,6533979154E-10| 0,0000000000E+00| 2,1975842293E+01 5,0218535762E-11| 0,0000000000E+00 2,1975842293E-04
234,0| 10000000,0 | S 21° 52' 21,5172284" W 65° 3' 14, 1" 1524,0185320644 | 234,0000000000| 10000000,8132247000 -9,6656549431E-10| 0,0000000000E+00| 8,1322477013E-01 -6,3422161475E-11| 0,0000000000E+00 8,1322477013E-06
252,0| 10000000,0 (S 11° 15' 39,54929099" W 80° 17" 26,53691359" 1524,0185320635| 252,0000000000| 10000000,3622184000 -1,8910668587E-09| 0,0000000000E+00| 3,6221841536E-01 -1,2408424300E-10| 0,0000000000E+00 3,6221841536E-06
270,0/ 10000000,0 N 0° 4' 38,92874187" W 94° 25' 13,32057654" 1524,0185320629 | 270,0000000000 ,9186756800 -2,4692781153E-09| 0,0000000000E+00| -8,1324316561E-02 -1,6202415281E-10| 0,0000000000E+00 -8,1324316561E-07
288,0| 10000000,0 [N 11° 24' 35,25247715" W 108° 33' 31,12396618" 1524,0185320654 | 288,0000000000 ,7469645300 1,1368683772E-12| 0,0000000000E+00| -2,5303546339E-01 7,4596755439E-14 | 0,0000000000E+00 -2,5303546339E-06
306,0| 10000000,0 [N 22° 0' 16,00868216" W 123° 49' 9,12306152" 1524,0185320654 | 306,0000000000| 9999999,2602973700 8,4128259914E-11| 0,0000000000E+00| -7,3970262706E-01 5,56201599025E-12| 0,0000000000E+00 -7,3970262706E-06
324,0/ 10000000,0 [N 30° 58' 18,85422082" W 141° 18' 5,41069915" 1524,0185320644 | 324,0000000000| 9999999,2923914700 -9,6360963653E-10 | 0,0000000000E+00| -7,0760852285E-01 -6,3228209910E-11| 0,0000000000E+00 -7,0760852285E-06
342,0| 10000000,0 [N 37° 10' 20,89010591" W 161° 43' 25,10604603" 1524,0185320657 | 342,0000000000 ,7025934400 3,6993696995E-10| 0,0000000000E+00 | -2,9740655422E-01 2,4273784220E-11| 0,0000000000E+00 -2,9740655422E-06




5.2.2 — ANALI SE

Tendo em nmente que a analise visual nao é
suficientenente cientifica para validar ou ndo um mét odo ou
pr ocedi nent o, € necessario enpregar algumas teécnicas
estatisticas para conprovar os resultados.

5.2.2.1 — ANALI SE DOS ERROS DE ALTI TUDE

As diferencas percentuais entre as altitudes
das posi ¢cdes geodésicas inicial e final foram organi zadas e
di stri buidas de acordo com as freqiuéncias das 160 anobstras
obt i das.

A Figura 5.1 apresenta o0s poligonos de
frequéncia relativos as trés posicdes geodésicas de
referénci a.
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Fig. 5.1 — Poligonos de Frequéncia dos Erros de Altitude,
para Di ferentes Posi ¢cbes de Referéncia.
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Est udando os poligonos de frequéncia, pode-se
observar que os erros ficaram concentrados e proxinos de
zero, comdistribuicdo simlar nos trés casos, evidenciando
um conportanmento previsivel das equacbes nmatemati cas em
rel acdo a altitude.

As Figuras 5.2 e 5.3 apresentam os valores
maxinbo e mninbo dos erros percentuais de altitude. A
anplitude total dos erros esta representada na Figura 5. 4.

Anal i sando estes trés graficos, pode-se notar
que o0s nmiores desvios de altitude ficaram na ordem de
10°% em relacdo a altitude inicial, o que representa um
erro extremanente desprezivel.
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Fig. 5.2 — Valores Maxino e Mnino dos Erros de Altitude,
para Di ferentes Posi ¢cdes de Referéncia.
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Erro Absoluto [%]

Fi

Amplitude Total [%]
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g. 5.3 — Valor Maxino dos Erros Absol utos de Altitude,
para Di ferentes Posi ¢cdes de Referéncia.
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Fig. 5.4 — Anplitude Total dos Erros de Altitude,
para Diferentes Posi¢cdes de Referéncia.
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Qutras caracteristicas, tais conop nedidas de
tendéncia central, podem ser extraidas dos poligonos de
frequéncia de erros. Al gumas dessas caracteristicas sao
i dentificadas conp nedi ana, noda e nedia.

A nediana representa a nedia aritnetica dos
dois valores centrais dos erros obtidos. Geonetricanente, a
nmedi ana corresponde a vertical que divide o histograna em
duas partes de areas iguais.

No grafico da Figura 5.5, pode-se observar
que as nedi anas correspondem a val ores proxinos de zero, na
ordem de 10" a 10"% o que pernite inferir que os
resul tados apresentam uma tendénci a desprezivel de aunentar
os valores iniciais de altitude.
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Fig. 5.5 — Mediana dos Erros de Altitude,
para Diferentes Posicbes de Referéncia.
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A noda de um conjunto de erros representa o
desvi o que acontece com mai or frequéncia. De acordo com o
grafico da Figura 5.6, pode-se observar que ha uma grande
i ncidéncia de erros com val ores proxi nos de zero, na ordem
de 10" a 10"% dos val ores iniciais.

1,6449820583E-10

1,8E-10

1,6E-10—

1,4E-10—

1,2E-10—

1,0E-10—

Moda [%]

8,0E-11—

6,0E-11— 3,5187148792E-11

1,8306043785E-11

~

0,0E+00 :
SBSJ KATL EBBR
Posicdo de Referéncia

4,0E-11—
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Fig. 5.6 — Mbda dos Erros de Altitude,
para Diferentes Posicbes de Referéncia.

A nmédia aritnética, ou sinplesnmente nédia, de
um conjunto de n erros € definida conb a somatoéria destes
val ores dividida por n.

A Figura 5.7 apresenta as médi as dos erros de
altitude obtidas com as trés posicdes de referéncia, cujos
resul tados indicam que, na média, os desvios ficaram na
ordemde 10" a 10 %% dos val ores iniciais.

153



5,3225166715E-11

6,0E-11—

5,0E-11—

4,0E-11—

3,0E-11—

Média [%]

1,7480535681E-11

2,0E-11—

6,1740937099E-12

¥y

0,0E+00 :
SBSJ KATL EBBR
Posicdo de Referéncia

1,0E-11—+

Fig. 5.7 — Média dos Erros de Altitude,
para Diferentes Posicbes de Referéncia.

O grau no qual os dados numéricos tendem a se
di spersar em torno de um val or neédi o chama-se variacdo ou
di spersdo dos dados. Exi stem varias nedi das de di spersédo ou
variacdo, sendo as mais conmuns o0 desvio nedio, o desvio
padrdo e a vari anci a.

O desvio nedi o de um conjunto de n naneros X,
X, é definido por

21 oty

Z‘xj—)?
D.M.:FIT, (5.1)

onde x corresponde a média aritnética dos nuneros e ‘xj—f
ao val or absoluto do desvio de x, emrelacao a x.
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O desvio padrdo deste nmesnbo conjunto de
nuneros € representado por s e cal cul ado por

(5.2)

e a variancia é definida conb sendo o quadrado do desvio
padrdo e é representada por s°

As Figuras 5.8, 5.9 e 5.10 apresentam os
desvios nedios, o0s desvios padrdes e as variancias dos
erros de altitude obtidos com as trés posicdes de
referéncia, respectivanente.
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Fig. 5.8 — Desvio Médio dos Erros de Altitude,
para Diferentes Posi¢cbes de Referéncia.
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Desvio Padrao [%]

Variancia
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Fig. 5.9 — Desvio Padréao dos Erros de Altitude,

8,00E-20—

7,00E-20—

6,00E-20—

5,00E-20—

4,00E-20—

3,00E-20—

2,00E-20—

1,00E-20—

para Di ferentes Posi ¢cdes de Referéncia.

7,4418788254E-20

5,5942769067E-11

1,5181853600E-20

3,1295934109E-21

¢

0,00E+00

KATL EBBR
Posigao de Referéncia

Fig. 5.10 — Vari ancia dos Erros de Altitude,

para D ferentes Posi ¢cdes de Referéncia.
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Observando

verificar

estes

trés

dos val ores nedios dos erros de altitude,
desvi os na ordemde 10" a 10 ‘% dos val ores n¥di os.

Cs
para analise

estatisticos
consol i dados,

val ores reais [netros],

TABELA 5.4 — COVPARAGCAO DOS RESULTADOS OBTI DOS COM ALTI TUDE

resul t ados

em val ores percentuais,
na Tabel a 5.5.

apr esent ados
dos

erros de

graficos,
gue os erros encontrados tendem a se aproxinar
correspondendo a

nos
altitude

na Tabela 5.4 e,

EM VALORES PERCENTUAI S

SBSJ KATL EBBR
Amostras 160 160 160
Somatdria 2,7968857089E-09| 8,5160266743E-09| 9,8785499358E-10
Maximo 3,2344027170E-10| 7,7488652075E-10| 1,4086851297E-10
Minimo -3,5540779638E-10| -5,4987842241E-10| -1,6202415281E-10

Maior Absoluto

3,5540779638E-10

7,7488652075E-10

1,6202415281E-10

Amplitude Total

6,7884806807E-10

1,3247649432E-09

3,0289266579E-10

Mediana

3,5187148792E-11

1,4123216125E-10

1,8283664758E-11

Moda

3,56187148792E-11

1,6449820583E-10

1,8306043785E-11

Média

1,7480535681E-11

5,3225166715E-11

6,1740937099E-12

Desvio Médio

8,9714078223E-11

2,2411784268E-10

4,3798526854E-11

Desvio Padrao

1,2321466471E-10

2,7279807231E-10

5,56942769067E-11

Variancia

1,5181853600E-20

7,4418788254E-20

3,1295934109E-21

TABELA 5.5 — COVPARAGAO DOS RESULTADOS OBTI DOS COM ALTI TUDE

EM VALORES REAI S [ nj

SBSJ KATL EBBR
Amostras 160 160 160
Somatdria 1,8073023966E-08| 2,6632051231E-08| 1,5055093172E-08
Maximo 2,0900188247E-09| 2,4232917895E-09| 2,1468622435E-09
Minimo -2,2965878088E-09| -1,7196271074E-09| -2,4692781153E-09

Maior Absoluto

2,2965878088E-09

2,4232917895E-09

2,4692781153E-09

Amplitude Total

4,3866066335E-09

4,1429188968E-09

4,6161403588E-09

Mediana

2,2737367544E-10

4,4167336455E-10

2,7864643926E-10

Moda

2,2737367544E-10

5,1443294069E-10

2,7898749977E-10

Média

1,1295639979E-10

1,6645032019E-10

9,4094332326E-11

Desvio Médio

5,7971789147E-10

7,0088059800E-10

6,6749766603E-10

Desvio Padrao

7,9619327355E-10

8,56311759993E-10

8,56257816793E-10

Variancia

6,3392372885E-19

7,2780963931E-19

7,2688953243E-19
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5.2.2.2 — ANALI SE DOS ERROS DE AZI MJTE

As diferencas percentuais entre o0s azinutes
de deslocanento dos problemas diretos e o0s obtidos na
solucdes dos problemas inversos, entre as posicoes
geodési cas i nicial e final, foram organi zadas e
di stri buidas de acordo com as frequéncias das 160 anpbstras.

A Figura 5.11 apresenta os poligonos de
frequéncia relativos as trés posicdes geodésicas de
referénci a.

Freqiiéncia

osBsJ
BEKATL
OEBBR

Erro [%]

Fig. 5.11 — Poligonos de Frequéncia dos Erros de Azinute,
para Di ferentes Posi ¢cdes de Referéncia.

Anal i sando 0s pol i gonos de frequénci a,
pode- se observar que, tanbém neste caso, o0s erros ficaram
concentrados e proxinos de zero, com distribuicdo simlar
nas trés si t uacgoes, evi denci ando um conportanento
previ sivel das equacbes nmatenmati cas emrel acdo ao azi nmute.
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As Figuras 5.12 e 5.13 apresentam os val ores
maxino e nininb dos erros percentuais de azinute. A
anplitude total dos erros esta representada na Figura 5.14.

Tendo conp foco estes trés graficos, pode-se
notar que os mmi ores desvios de azimute ficaram na ordem de
10" a 10°% em relacdo aos valores iniciais, o0 que
representam erros extremanente despreziveis.

6.0E-07— 4,4444444444E-07

2,77T77777778E-07
4,0E-07—

2,0E-07— 5,5555555556E-08

0,0E+00

EMinimo
OMaximo

Erro [%]

-2,0E-07—

-4,0E-07—
-4,7222222222E-07

-6,0E-07—

-6,7222222222E-07 -6,7222222222E-07

-8,0E-07

SBSJ KATL EBBR
Posicado de Referéncia

Fig. 5.12 — Valores Maxino e M nino dos Erros de Azi nute,
para Di ferentes Posi ¢cdes de Referéncia.
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Erro Absoluto [%]

6,7222222222E-07 6,7222222222E-07

7,0E-07

6,0E-07

4,7222222222E-07

5,0E-07

4,0E-07

3,0E-07

2,0E-07

1,0E-07

0,0E+00

SBSJ KATL EBBR
Posicdo de Referéncia

Fig. 5.13 — Val or Maxi no dos Erros Absol utos de Azi nute,

Amplitude Total [%]

para Di ferentes Posi ¢cbes de Referéncia.

1,1166666667E-06
1,2E-06—

1,0E-06—

7,5000000000E-07 7,27TTTTTTT8E-07

8,0E-07

6,0E-07

4,0E-07

2,0E-07

0,0E+00

SBSJ KATL EBBR
Posigao de Referéncia

Fig. 5.14 — Anplitude Total dos Erros de Azinute,
para Diferentes Posic¢cdes de Referéncia.
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Com relacdo as nedianas, de acordo com a
Figura 5.15, pode-se observar que o0s histogramas estao
total mrente bal anceados, tendo suas areas (geonetricas
divididas exatanente no erro zero. Neste caso, 0S
resul tados nédo apresentam nenhuna tendéncia de aunentar ou
reduzir os valores iniciais de azinute.

1,0E+00—

9,0E-01—

8,0E-01—

7,0E-01—

6,0E-01—

5,0E-01—

Mediana [%]

4,0E-01—

3,0E-01—

2,0E-01—

0,0000000000E+00 0,0000000000E+00 0,0000000000E+00

R LT A < 7

0,0E+00 i
SBSJ KATL EBBR
Posicado de Referéncia

Fig. 5.15 — Medi ana dos Erros de Azi nute,
para Diferentes Posi¢cdes de Referéncia.

De forma simlar, as nodas denonstram que a
mai or incidéncia de desvios acontece justanente quando n&ao
ha erros, ou seja, quando ha uma preci sdao de 100% entre os
val ores de azimute de deslocanento e os cal cul ados com as
equacOes do problenma inverso, Figura 5.16.
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Moda [%]

Média [%]

1,0E+00—

9,0E-01—

8,0E-01—

7,0E-01—

6,0E-01—

5,0E-01—

4,0E-01—

3,0E-01—

2,0E-01—

1,0E-01—

0,0E+00

0,0000000000E+00 0,0000000000E+00 0,0000000000E+00

L -y

2,0E-09—

0,0E+00

SBSJ KATL EBBR
Posicdo de Referéncia

Fig. 5.16 — Mbda dos Erros de Azinute,
para Diferentes Posicbes de Referéncia.

2,7203246094E-10

-2,0E-09—+

-4,0E-09—

-6,0E-09—

-8,0E-09—

-1,0E-08—

-1,2E-08—

-1,4E-08

-5,5899560202E-09

-1,3088549686E-08

SBSJ KATL EBBR
Posicao de Referéncia

Fig. 5.17 — Médi a dos Erros de Azimute,
para Diferentes Posi¢cbes de Referéncia.
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As nedias dos erros de azinute obtidas com as
trés posicbes de referéncia estdo apresentadas na Figura
5.17. Novanente, pode-se perceber que os desvi os denonstram
ser extremanente despreziveis, mantendo-se na ordem de 10°
a 10°% dos val ores iniciais.

Quanto ao grau de dispersao, os valores
encont rados indi cam que ha una tendéncia de se aproxi marem
dos val ores nédios dos erros de azinmute, correspondendo a
desvios na ordemde 10° a 10°% dos val ores iniciais.

As Figuras 5.18, 5.19 e 5.20 apresentam os
desvi os nedi os, os desvios padrbes e as variancias dos
erros de azinute obtidos com as trés posicbes de
referéncia, respectivanente.

3,0E-08— 2,6569782597E-08

2,3062236627E-08

2,5E-08—

2,0E-08—

1,5E-08—

9,2388038312E-09

Desvio Médio [%]

1,0E-08—

5,0E-09—

0,0E+00

SBSJ KATL EBBR
Posicao de Referéncia

Fig. 5.18 — Desvio Midi o dos Erros de Azinute,
para Di ferentes Posi ¢cdes de Referéncia.
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Desvio Padrao [%]

Variancia

1,0E-07

9,0E-08—

8,0E-08—

7,0E-08—

6,0E-08

5,0E-08—

4,0E-08

3,0E-08—

2,0E-08

1,0E-08—

9,2013225488E-08

8,7064965637E-08

4,7122692385E-08

0,0E+00

Fi

9,0E-15
8,0E-15—
7,0E-15—
6,0E-15—
5,0E-15—
4,0E-15+
3,0E-15—
2,0E-15+

1,0E-15+

0,0E+00

SBSJ KATL EBBR
Posicdo de Referéncia

g. 5.19 — Desvio Padréao dos Erros de Azinute,
para Diferentes Posicbes de Referéncia.

8,4664336647E-15

7,5803082414E-15

2,2205481376E-15

SBSJ KATL EBBR
Posigao de Referéncia

Fig. 5.20 — Vari ancia dos Erros de Azinute,
para D ferentes Posi ¢cdes de Referéncia.
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Cs
erros de azi mut e est ao
percentuais, na Tabela 5.6 e,
Tabel a 5.7.

TABELA 5.6 — COVPARACAO DOS RESULTADOS OBTI DOS COM AZI MUTE

resul tados das analises estatisticas dos
consol i dados,

em

em val ores reais [graus],

EM VALORES PERCENTUAI S

SBSJ KATL EBBR
Amostras 160 160 160
Somatoria -8,9439296323E-07| 4,3525193751E-08| -2,0941679498E-06
Maximo 4,4444444444E-07| 2,7777777778E-07| 5,5555555556E-08
Minimo -6,7222222222E-07| -4,7222222222E-07| -6,7222222222E-07

Maior Absoluto

6,7222222222E-07

4,7222222222E-07

6,7222222222E-07

Amplitude Total

1,1166666667E-06

7,5000000000E-07

7,2777777778E-07

Mediana 0,0000000000E+00| 0,0000000000E+00{ 0,0000000000E+00
Moda 0,0000000000E+00| 0,0000000000E+00{ 0,0000000000E+00
Média -5,5899560202E-09| 2,7203246094E-10| -1,3088549686E-08

Desvio Médio

2,3062236627E-08

9,2388038312E-09

2,6569782597E-08

Desvio Padrao

8,7064965637E-08

4,7122692385E-08

9,2013225488E-08

Variancia

7,5803082414E-15

2,2205481376E-15

8,4664336647E-15

TABELA 5.7 — COVPARAGCAO DOS RESULTADOS OBTI DOS COM AZI MUTE

EM VALORES REAI S [°]

SBSJ KATL EBBR
Amostras 160 160 160
Somatdria -3,1000000000E-06| 6,0000000000E-08| 2,6200000000E-06
Maximo 1,0000000000E-07| 8,5000000000E-07| 1,2100000000E-06
Minimo -1,2100000000E-06( -8,5000000000E-07| -1,2100000000E-06

Maior Absoluto

1,2100000000E-06

8,5000000000E-07

1,2100000000E-06

Amplitude Total

1,3100000000E-06

1,7000000000E-06

2,4200000000E-06

Mediana

0,0000000000E+00

0,0000000000E+00

0,0000000000E+00

Moda

0,0000000000E+00

0,0000000000E+00

0,0000000000E+00

Média

-1,9375000000E-08

3,7500000000E-10

1,6375000000E-08

Desvio Médio

4,0835937500E-08

1,6425000000E-08

7,8293750000E-08

Desvio Padrao

1,3559877692E-07

9,6797054766E-08

2,6223875889E-07

Variancia

1,8387028302E-14

9,3696698113E-15

6,8769166667E-14
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5.2.2.3 — ANALI SE DOS ERRCS DE DI STANCI A

As diferencas percentuais entre as distancias
de deslocanento dos problemas diretos e as obtidas na
solucdes dos problemas inversos, entre as posicoes
geodési cas i nicial e final, foram organi zadas e
di stri buidas de acordo com as frequéncias das 160 anpbstras.

A Figura 5.21 apresenta os poligonos de
frequéncia relativos as trés posicdes geodésicas de
referénci a.

Freqiiéncia

osBsJ
BEKATL
OEBBR

Fig. 5.21 — Poligonos de Frequéncia dos Erros de D stanci a,
para Di ferentes Posi ¢cbes de Referéncia.

Anal i sando 0s pol i gonos de frequénci a,
pode-se observar que 0S erros estdo proxinos de zero,
entretanto, concentrados em duas posic¢cOes geonetricanente
espel hadas no histograma. Os resultados foram senel hantes
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nas trés si t uacoes, evi denci ando um conportanento
previ sivel das equacbes natemati cas emrel acdo a di st anci a.

As Figuras 5.22 e 5.23 apresentam os val ores
maxinbo e nmininb dos erros percentuais de distancia. A
anplitude total dos erros esta representada na Figura 5.24.

2,3430041363E-03

2,5E-03+ 1,9080532482E-03

2,0E-03—
1,5E-03— 1,0032402769E-03— |

1,0E-03—

5,0E-04—

EMinimo
OMaximo

Erro [%]

0,0E+00

-5,0E-04—

-1,0E-03—

-1,0799780523E-03 -1,1638996960E-03

-1,5E-03— -1,5016761608E-03

-2,0E-03

SBSJ KATL EBBR
Posicado de Referéncia

Fig. 5.22 — Valores Maxino e Mnino dos Erros de Distanci a,
para Di ferentes Posi ¢cdes de Referéncia.

Tendo em vista estes trés graficos, pode-se
notar que os nmiores desvios de distancia ficaram na ordem
de 10°% em relacdo aos valores iniciais. Tais resultados
ndo sao tao precisos quanto os obtidos nas duas andlises
anteriores, entretanto, representam uma excel ente preciséo
para cal cul os de di stancia sobre o globo terrestre.
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2,3430041363E-03

2,5E-03

1,9080532482E-03

2,0E-03
1,5016761608E-03

1,5E-03

Erro Absoluto [%]

1,0E-03

5,0E-04

0,0E+00
SBSJ KATL EBBR
Posicdo de Referéncia

Fig. 5.23 — Val or Maxi no dos Erros Absol utos de Distancia,
para Di ferentes Posi ¢cdes de Referéncia.

4,0E-03— 3,5069038323E-03

3,5E-03— 2,9880313005E-03

3,0E-03 2,5049164377E-03
2,5E-03

2,0E-03

Amplitude Total [%]

1,5E-03

1,0E-03—

5,0E-04—

0,0E+00

SBSJ KATL EBBR
Posigao de Referéncia

Fig. 5.24 — Anplitude Total dos Erros de Distanci a,
para D ferentes Posi¢cdes de Referéncia.
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Com relacdo as nedianas, pode-se verificar
que o0s desvios representam tendéncias aleatérias de
aunentar ou dimnuir os valores iniciais de distancia,
entretanto, comerros extremanente pequenos na ordem de 10°
a 10°% conforme a Figura 5.25.

—1,0120561160E-06

2,0E-06
1,0E-06 '
0Y0E+00 ‘ r
-1,0E-06 -9,3938078498E-07
_ -2,0E-06—
£
g
£ -3,0E-06
g
Q
=
-4,0E-06
-5,0E-06
-6,0E-06
-7,0E-06
-7,3864329257E-06
-8,0E-06
SBSJ KATL EBBR

Posicao de Referéncia

Fig. 5.25 — Medi ana dos Erros de Distanci a,
para Diferentes Posicbes de Referéncia.

Anal oganente, as nodas denonstram uma grande
incidéncia de desvios com valores proéxinos de zero, na
ordemde 10° a 10'% dos valores iniciais, Figura 5.26.

As médias dos erros de distancia estao
apresentadas na Figura 5.27. Neste <caso, o0s desvios
denonstram ser pequenos, mantendo-se, na nédia, entre 10* a
10°% dos val ores iniciais.
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Moda [%]

Média [%]

-2,0E-04—

——1,0120561160E-06 —————9,1526631825E-06

0,0E+00 ‘ ‘

-4,0E-04

-6,0E-04—

-8,0E-04—

-1,0E-03—

-1,2E-03—

-1,4E-03—
-1,5016645193E-03

-1,6E-03
SBSJ KATL EBBR
Posicao de Referéncia

Fig. 5.26 — Mbda dos Erros de D stanci a,
para Diferentes Posicbes de Referéncia.

T 1,0272357976E-04
1,5E-04—

1,0E-04—

5,0E-05—

0,0E+00

-5,0E-05— -5,3047918908E-05

-1,0E-04—

-1,5E-04

-2,0E-04—

-2,5E-04— -2,5579293991E-04

-3,0E-04
SBSJ KATL EBBR
Posicao de Referéncia

Fig. 5.27 — Média dos Erros de D stéancia,
para Diferentes Posi¢cbes de Referéncia.
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Quanto ao grau de dispersdo, os dados indicam
que h& uma tendéncia de aproxi macdo dos val ores nedi os dos
erros de distancia, correspondendo a desvios na ordem de
10'% dos val ores iniciais.

As Figuras 5.28, 5.29 e 5.20 apresentam os
desvios nedios, o0s desvios padrdes e as variancias dos
erros de distancia obtidos com as trés posicdes de
referéncia, respectivanente.

6,5489899072E-04

6,6E-04

6,2825548271E-04
6,4E-04—

6,2E-04—

6,0E-04—

5,7760334813E-04

5,8E-04—

Desvio Médio [%]

5,6E-04—

5,4E-04 -

5,2E-04

SBSJ KATL EBBR
Posicao de Referéncia

Fig. 5.28 — Desvio Médio dos Erros de Distanci a,
para Diferentes Posicbes de Referéncia.
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Desvio Padrao [%]

Variancia

8,5072805284E-04

8,1947105711E-04

9,0E-04

7,0549911165E-04

8,0E-04

7,0E-04—

6,0E-04—

5,0E-04—

4,0E-04

3,0E-04—

2,0E-04

1,0E-04—

0,0E+00
SBSJ KATL EBBR
Posicdo de Referéncia

Fig. 5.29 — Desvio Padrédo dos Erros de D stanci a,
para Di ferentes Posi ¢cdes de Referéncia.

7,2373821988E-07

8,0E-07
6,7153281344E-07

7,0E-07

6,0E-07

4,9772899655E-07

5,0E-07

4,0E-07

3,0E-07—

2,0E-07

1,0E-07

0,0E+00

SBSJ KATL EBBR
Posigao de Referéncia

Fig. 5.30 — Variancia dos Erros de Distanci a,
para Diferentes Posicdes de Referéncia.
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GCs
erros

estudo dos

val ores percentuais,
na Tabel a 5.9.

[ metros],

dados
de

apr esent ados
di st anci a
na Tabela 5.8 e,

nos
est ao

graficos

consol i dados,
em val ores

TABELA 5.8 — COVPARAGCAO DOS RESULTADOS OBTI DOS COM

DI STANCI A EM VALORES PERCENTUAI S

SBSJ KATL EBBR
Amostras 160 160 160
Somatoria 1,6435772761E-02| -8,4876670253E-03| -4,0926870385E-02
Maximo 1,9080532482E-03| 2,3430041363E-03| 1,0032402769E-03
Minimo -1,0799780523E-03| -1,1638996960E-03| -1,5016761608E-03

Maior Absoluto

1,9080532482E-03

2,3430041363E-03

1,5016761608E-03

Amplitude Total

2,9880313005E-03

3,5069038323E-03

2,5049164377E-03

Mediana

1,0120561160E-06

-9,3938078498E-07

-7,3864329257E-06

Moda

1,0120561160E-06

9,1526631825E-06

-1,5016645193E-03

Média

1,0272357976E-04

-5,3047918908E-05

-2,5579293991E-04

Desvio Médio

6,5489899072E-04

6,2825548271E-04

5,7760334813E-04

Desvio Padrao

8,5072805284E-04

8,1947105711E-04

7,0549911165E-04

Variancia 7,2373821988E-07| 6,7153281344E-07| 4,9772899655E-07
TABELA 5.9 — COVPARACAO DOS RESULTADOS OBTI DOS CoM
DI STANCI A EM VALORES REAIS [N
SBSJ KATL EBBR
Amostras 160 160 160
Somatodria 1,4329512889E+00| 1,6422727367E+00| 1,9107722722E+01
Maximo 1,9525207803E+00| 9,6884839237E-01| 2,1975842293E+01
Minimo -8,8996203616E-01| -1,0337354187E+00]| -1,2334846817E+00

Maior Absoluto

1,9525207803E+00

1,0337354187E+00

2,1975842293E+01

Amplitude Total

2,8424828164E+00

2,0025838111E+00

2,3209326975E+01

Mediana 6,1303171606E-06| -8,3961931523E-06| -3,9654092689E-04
Moda 1,0120561160E-01| 9,1526631825E-01| -1,5016645193E-05
Média 8,9559455556E-03| 1,0264204605E-02| 1,1942326701E-01

Desvio Médio

6,4623021736E-02

1,0527604635E-01

3,1816842043E-01

Desvio Padrao

1,9565285315E-01

2,6266275425E-01

1,7526689231E+00

Variancia

3,8280038947E-02

6,8991722468E-02

3,0718483538E+00
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Fi nal nrente, o0s resultados estatisticos para
analise dos erros de distancia sdo suficientes para a
identificacdo do nivel de precisdo das equacbOes propostas,
entretanto, podem ser explorados um pouco nais com O
intuito de se determinar a influéncia da distancia de
desl ocanent o nos erros obti dos.

Desta forma, o0s erros de distancia foram
agrupados de acordo com os valores de deslocanento das
anostras, possibilitando a verificacdo das reais dinensdes
dos erros ao | ongo dos desl ocanent os ef et uados.

A Figura 5.31 apresenta os desvios nedios
reais [nmetros] obtidos com as varias distancias, a partir
das posicdes de referéncia, sendo os dados consolidados na
Tabel a 5. 10.

osBsJ
BEKATL
OEBBR

Desvio Médio [m]

Distancia [m]

1000000
10000000

Fig. 5.31 — Desvio Médio para Diferentes D stancias, a
Partir de Distintas Posic¢cdes de Referéncia,
emvalores reais [n].
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TABELA 5.10 - COVPARACAO DOS DESVI OS MEDI OS OBTI DOS COM

DI FERENTES DI STANCI AS, A PARTIR DE

DI STI NTAS POSI COES DE REFERENCI A, EM

VALORES REAI S [ nj

Distancia [m]

SBSJ

KATL

EBBR

—_

1,0236463322E-05

9,7368045324E-06

7,5479024827E-06

10

1,0236568034E-04

9,7366962130E-05

7,5474793242E-05

100

1,0233828409E-03

9,7333885436E-04

7,5452795787E-04

1000

1,0206175613E-02

9,7002512244E-03

7,56232550719E-03

10000

8,3629243104E-02

9,3688263688E-02

7,3894732118E-02

100000

4,0344326742E-03

3,2490373914E-03

3,4071272450E-03

1000000

9,9116589256E-02

5,8266037896E-02

3,4078554135E-02

10000000

2,8906789040E-01

6,3868378866E-01

2,1161386157E+00

Observando

0Ss

desvi os

meédi os,

pode- se

perceber que os erros representam val ores na ordemde 10° a
10° m para deslocanentos de 1 netro, e aunmentam
gradati vanente, com pequenas oscilacbes, até a casa de
centinetros, nos deslocanentos de 1.000.000 m Apenas para
desl ocanentos iguais ou superiores a 10.000.000 m o erro
ultrapassa 1 netro.

E inportante ressaltar que, al ém das equacdes

propostas, o nivel de precisadao “double” das variaveis
utilizadas na inplementacdo em Linguagem Java tanbém
contribui para inserir artefatos residuais nos resultados.

5.3 — ANALI SE COM DI FERENTES VARI AVEI S DE CONTROLE

5.3.1 - METODOLOGE A

Na segunda fase da analise, o estudo esta
na obtencédo de erros de altitude, azinute
di stancia, a partir da solucdo dos problemas direto
i nverso, enpregando-se unma Unica posicdo de referéncia
di ferentes val ores para as vari aveis de controle me n.

centrado
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Desta forma, inicialnmente, foi escolhido o
aeroporto de Sado José dos Canpos - Sado Paul o, conob posicéao
geodési ca de referéncia para os cal cul os matemati cos:

- SBSJ: Aeroporto de Sado José dos Canpos — Brasi
Latitude: S 23° 17' 18,0"
Longitude: W 45° 52' 12,0"
Altitude: 646,1838575957083 m

Na sequUéncia, foram efetuados o0s seguintes
passos:

1. Utilizacdo de SBSJ cono posicao geodésica inicial
(¢ A hy) s

2. Definicdo das variaveis de controle me n;

3. Vari acdo de azinute e distancia de desl ocanent o;

4. Cal cul o da nova posi cdo geodésica (¢, A, h), a partir dos
desl ocanent os defi ni dos;

5. Determ nacdo de azinmute e distancia entre as posicdes
geodeési cas;

6. ldentificacdo dos erros reais e percentuais de altitude,
azimute e distancia.

Simlarmente a analise anterior, o0S erros
reais correspondem as diferencas encontradas entre os
valores de distancia d, e d, e de azinmute o, e a,
det ermi nados nas sol u¢cdes dos problemas direto e inverso,
respecti vanente, e, ainda, as desigualdades de altitude
entre as posicg¢des (¢, A, h) e (9,7, h). s erros
percentuai s equi val em as percentagens de desvio em rel agcéo
aos valores iniciais de distancia d,, azinmute o, e altitude
h

1t
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Nesta fase, as variaveis de controle sofreram
al teracdes, assum ndo os valores nmF3 e n=3, nm=10 e n=10,
m=100 e n=100 e, ainda, nrF1000 e n=1000.

E inportante ressaltar que foram efetuados
testes com valores até m=1000000 e n=1000000, entretanto,
0S custos conputacionais ndo conpensaram O aunento na
preci sdo dos resultados. Finalnmente, cabe nencionar que a
adocdo de valores iguais para as variaveis de controle me
n foi totalnmente arbitraria.

Simlarmente a analise anterior, o azinute de
desl ocanento sofreu variacbes de 0O a 360 graus, com
interval os de 18 graus, e a distancia de desl ocanento teve
uma progressao geonmétrica de 1 até 10.000.000 m com fator
de progressao 10.

As tabelas 5.11, 5.1, 5.12 e 5.13 descrevem
os resul tados obtidos com variaveis de controle n=3 e n=3,
m=10 e n=10, nmr100 e n=100 e mM=1000 e n=1000, a partir da
posi cdo de referéncia SBSJ, respectivanente.
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8.1

TABELA 5.11 — RESULTADOS OBTIDOS A PARTIR DA POSI CAO SBSJ, me3,

n=3

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
0,0 1,0]S 23° 17" 17,96749022" W 45° 52" 12,0" 646,1838575969 0,0000000000 0,9997085478 1,1586962501E-09| 0,0000000000E+00| -2,9145216104E-04 1,7931371024E-10| 0,0000000000E+00 -2,9145216104E-02
18,0 1,08 23° 17" 17,96908317" W 45° 52' 11,98912534" 646,1838575950| 18,0000000800 0,9994457522 -7,0394889917E-10| 8,0000000000E-08| -5,5424775928E-04 -1,0893941266E-10| 4,4444444444E-07 -5,5424775928E-02
36,0 1,0|S 23° 17" 17,97370461" W 45° 52' 11,97931834" 646,1838575969| 36,0000000600 0,9998958516 1,1586962501E-09| 6,0000000000E-08| -1,0414840654E-04 1,7931371024E-10| 1,6666666667E-07 -1,0414840654E-02
54,0 1,0|S 23° 17 17,98089565" W 45° 52' 11,9715347" 646,1838575959| 54,0000000800 0,9994210415 2,2737367544E-10| 8,0000000000E-08| -5,7895854115E-04 3,5187148792E-11| 1,4814814815E-07 -5,7895854115E-02
72,0 1,0]S 23° 17" 17,98995593" W 45° 52' 11,96653597" 646,1838575969| 72,0000001000 0,9994324502 1,1586962501E-09| 1,0000000000E-07 | -5,6754983962E-04 1,7931371024E-10| 1,3888888889E-07 -5,6754983962E-02
90,0 1,0|S 23° 17" 18,0" W 45° 52' 11,96481505" 646,1838575978| 90,0000000300 1,0012625081 2,0900188247E-09| 3,0000000000E-08| 1,2625081184E-03 3,2344027170E-10| 3,3333333333E-08 1,2625081184E-01
108,0 1,0|S 23° 17' 18,01004407" W 45° 52' 11,96653597" 646,1838575941| 108,0000000100 0,9994324483 -1,6352714738E-09| 1,0000000000E-08| -5,6755170226E-04 -2,5306597411E-10| 9,2592592593E-09 -5,6755170226E-02
126,0 1,0|S 23° 17' 18,01910434" W 45° 52' 11,9715347" 646,1838575959| 125,9999999900 0,9994210438 2,2737367544E-10| -1,0000000000E-08| -5,7895621285E-04 3,5187148792E-11| -7,9365079365E-09 -5,7895621285E-02
144,0 1,0|S 23° 17" 18,02629539" W 45° 52' 11,97931834" 646,1838575978| 143,9999999800 0,9998958556 2,0900188247E-09| -2,0000000000E-08| -1,0414444841E-04 3,2344027170E-10| -1,3888888889E-08 -1,0414444841E-02
162,0 1,0]S 23° 17' 18,03091683" W 45° 52' 11,98912534" 646,1838575959| 161,9999999200 0,9994457449 2,2737367544E-10| -8,0000000000E-08| -5,5425509345E-04 3,5187148792E-11| -4,9382716049E-08 -5,56425509345E-02
180,0 1,0|S 23° 17' 18,03250978" W 45° 52" 12,0" 646,1838575959| 180,0000000000 0,9997085452 2,2737367544E-10| 0,0000000000E+00| -2,9145483859E-04 3,56187148792E-11| 0,0000000000E+00 -2,9145483859E-02
198,0 1,0]|S 23° 17' 18,03091683" W 45° 52' 12,01087466" 646,1838575959| 197,9999999100 0,9994457470 2,2737367544E-10| -9,0000000000E-08| -5,5425299797E-04 3,5187148792E-11| -4,5454545455E-08 -5,5425299797E-02
216,0 1,0|S 23° 17' 18,02629539" W 45° 52' 12,02068166" 646,1838575959| 215,9999999200 0,9998958527 2,2737367544E-10| -8,0000000000E-08| -1,0414730059E-04 3,5187148792E-11| -3,7037037037E-08 -1,0414730059E-02
234,0 1,0]S 23° 17' 18,01910434" W 45° 52' 12,0284653" 646,1838575950| 233,9999998700 0,9994210415 -7,0394889917E-10| -1,3000000000E-07| -5,7895854115E-04 -1,0893941266E-10| -5,5555555556E-08 -5,7895854115E-02
252,0 1,0|S 23° 17' 18,01004407" W 45° 52' 12,03346403" 646,1838575941| 251,9999999700 0,9994324461 -1,6352714738E-09| -3,0000000000E-08| -5,6755391415E-04 -2,56306597411E-10| -1,1904761905E-08 -5,6755391415E-02
270,0 1,0|S 23° 17" 18,0" W 45° 52' 12,03518495" 646,1838575959| 269,9999999600 1,0012625066 2,2737367544E-10| -4,0000000000E-08| 1,2625065652E-03 3,5187148792E-11| -1,4814814815E-08 1,2625065652E-01
288,0 1,0|S 23° 17" 17,98995593" W 45° 52' 12,03346403" 646,1838575969| 287,9999999900 0,9994324483 1,1586962501E-09| -1,0000000000E-08| -5,6755170226E-04 1,7931371024E-10| -3,4722222222E-09 -5,6755170226E-02
306,0 1,0]S 23° 17' 17,98089565" W 45° 52' 12,0284653" 646,1838575959| 306,0000000200 0,9994210415 2,2737367544E-10| 2,0000000000E-08| -5,7895854115E-04 3,5187148792E-11| 6,5359477124E-09 -5,7895854115E-02
324,0 1,0|S 23° 17" 17,97370461" W 45° 52' 12,02068166" 646,1838575969| 324,0000000300 0,9998958478 1,1586962501E-09| 3,0000000000E-08| -1,0415219003E-04 1,7931371024E-10| 9,2592592593E-09 -1,0415219003E-02
342,0 1,0]S 23° 17" 17,96908317" W 45° 52' 12,01087466" 646,1838575969| 342,0000000700 0,9994457464 1,1586962501E-09| 7,0000000000E-08| -5,5425358005E-04 1,7931371024E-10| 2,0467836257E-08 -5,56425358005E-02
0,0 10,0|S 23° 17" 17,67490217" W 45° 52" 12,0" 646,1838575959 0,0000000000 9,9970856146 2,2737367544E-10| 0,0000000000E+00| -2,9143854044E-03 3,56187148792E-11| 0,0000000000E+00 -2,9143854044E-02
18,0 10,0|S 23° 17" 17,69083167" W 45° 52' 11,89125347" 646,1838575959| 18,0000000000 9,9944575531 2,2737367544E-10| 0,0000000000E+00| -5,5424468592E-03 3,5187148792E-11| 0,0000000000E+00 -5,5424468592E-02
36,0 10,0|S 23° 17" 17,73704605" W 45° 52' 11,79318354" 646,1838575959| 36,0000000000 9,9989583200 2,2737367544E-10| 0,0000000000E+00| -1,0416799923E-03 3,5187148792E-11| 0,0000000000E+00 -1,0416799923E-02
54,0 10,0]S 23° 17' 17,80895648" W 45° 52' 11,71534712" 646,1838575959| 54,0000000100 9,9942103522 2,2737367544E-10| 1,0000000000E-08| -5,7896478102E-03 3,5187148792E-11| 1,8518518519E-08 -5,7896478102E-02
72,0 10,0]S 23° 17' 17,89955923" W 45° 52' 11,66535977" 646,1838575959|  72,0000000100 9,9943245465 2,2737367544E-10| 1,0000000000E-08| -5,6754534598E-03 3,5187148792E-11| 1,3888888889E-08 -5,6754534598E-02
90,0 10,0|S 23° 17" 17,99999989" W 45° 52' 11,64815051" 646,1838575959| 90,0000000000 10,0126247703 2,2737367544E-10| 0,0000000000E+00| 1,2624770262E-02 3,56187148792E-11| 0,0000000000E+00 1,2624770262E-01
108,0 10,0|S 23° 17' 18,10044058" W 45° 52' 11,66535963" 646,1838575959| 108,0000000000 9,9943244178 2,2737367544E-10| 0,0000000000E+00| -5,6755822152E-03 3,5187148792E-11| 0,0000000000E+00 -5,6755822152E-02
126,0 10,0S 23° 17" 18,19104337" W 45° 52' 11,71534689" 646,1838575969| 126,0000000000 9,9942104719 1,1586962501E-09| 0,0000000000E+00| -5,7895281352E-03 1,7931371024E-10| 0,0000000000E+00 -5,7895281352E-02
144,0 10,0|S 23° 17' 18,26295387" W 45° 52' 11,79318332" 646,1838575959| 143, )0 9, 798 2,2737367544E-10| -1,0000000000E-08| -1,0413202108E-03 3,6187148792E-11| -6,9444444444E-09 -1,0413202108E-02
162,0 10,0|S 23° 17' 18,3091683" W 45° 52' 11,89125333" 646,1838575941| 161,9999999900 9,9944574033 -1,6352714738E-09| -1,0000000000E-08| -5,5425966857E-03 -2,5306597411E-10| -6,1728395062E-09 -5,5425966857E-02
180,0 10,0|S 23° 17' 18,32509783" W 45° 52" 12,0" 646,1838575950| 180,0000000000 9,9970853163 -7,0394889917E-10| 0,0000000000E+00| -2,9146836605E-03 -1,0893941266E-10| 0,0000000000E+00 -2,9146836605E-02
198,0 10,0|S 23° 17' 18,3091683" W 45° 52' 12,10874667" 646,1838575959| 197,9999999900 9,9944574079 2,2737367544E-10| -1,0000000000E-08| -5,5425921455E-03 3,5187148792E-11| -5,0505050505E-09 -5,5425921455E-02
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6.1

Tabel a 5.11 — Conti nuacéao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
216,0 10,0|S 23° 17' 18,26295387" W 45° 52' 12,20681668" 646,1838575959| 215, )0 9, 772 2,2737367544E-10| -1,0000000000E-08| -1,0413227719E-03 3,6187148792E-11| -4,6296296296E-09 -1,0413227719E-02
234,0 10,0|S 23° 17' 18,19104337" W 45° 52' 12,28465311" 646,1838575969| 234,0000000000 9,9942104681 1,1586962501E-09| 0,0000000000E+00| -5,7895318605E-03 1,7931371024E-10| 0,0000000000E+00 -5,7895318605E-02
252,0 10,0|S 23° 17' 18,10044058" W 45° 52' 12,33464037" 646,1838575959| 252,0000000000 9,9943244151 2,2737367544E-10| 0,0000000000E+00| -5,6755848927E-03 3,5187148792E-11| 0,0000000000E+00 -5,6755848927E-02
270,0 10,0|S 23° 17" 17,99999989" W 45° 52' 12,35184949" 646,1838575959| 270,0000000000 10,0126247680 2,2737367544E-10| 0,0000000000E+00| 1,2624767951E-02 3,5187148792E-11| 0,0000000000E+00 1,2624767951E-01
288,0 10,0]S 23° 17' 17,89955923" W 45° 52' 12,33464023" 646,1838575959| 288,0000000000 9,9943245454 2,2737367544E-10| 0,0000000000E+00| -5,6754546240E-03 3,5187148792E-11| 0,0000000000E+00 -5,6754546240E-02
306,0 10,0|S 23° 17" 17,80895648" W 45° 52' 12,28465288" 646,1838575950| 306,0000000000 9,9942103485 -7,0394889917E-10| 0,0000000000E+00| -5,7896515355E-03 -1,0893941266E-10| 0,0000000000E+00 -5,7896515355E-02
324,0 10,0|S 23° 17" 17,73704605" W 45° 52' 12,20681646" 646,1838575959| 324,0000000000 9,9989583183 2,2737367544E-10| 0,0000000000E+00| -1,0416816804E-03 3,5187148792E-11| 0,0000000000E+00 -1,0416816804E-02
342,0 10,0|S 23° 17" 17,69083167" W 45° 52' 12,10874653" 646,1838575959| 342,0000000100 9,9944575508 2,2737367544E-10| 1,0000000000E-08| -5,5424491875E-03 3,5187148792E-11| 2,9239766082E-09 -5,5424491875E-02
0,0 100,0|S 23° 17' 14,74902146" W 45° 52' 12,0" 646,1838575941 0,0000000000 99,9708693302 -1,6356125343E-09| 0,0000000000E+00| -2,9130669776E-02 -2,5311875484E-10| 0,0000000000E+00 -2,9130669776E-02
18,0 100,0|S 23° 17' 14,90831558" W 45° 52' 10,91254098" 646,1838575959|  18,0000000000 99,9445820564 2,2703261493E-10| 0,0000000000E+00| -5,5417943629E-02 3,5134368069E-11| 0,0000000000E+00 -5,56417943629E-02
36,0 100,0(S 23° 17" 15,37045696" W 45° 52' 9,93184553" 646,1838575959| 36,0000000000 99,9895669105 2,2703261493E-10| 0,0000000000E+00| -1,0433089541E-02 3,5134368069E-11| 0,0000000000E+00 -1,043308954 1E-02
54,0 100,0(S 23° 17" 16,08955833" W 45° 52'9,15348129" 646,1838575959| 54,0000000000 99,9420981524 2,2714630177E-10| 0,0000000000E+00| -5,7901847642E-02 3,5151961643E-11| 0,0000000000E+00 -5,7901847642E-02
72,0 100,0(S 23° 17" 16,99558337" W 45° 52' 8,65360397" 646,1838575969| 72,0000000000 99,9432512620 1,1585825632E-09| 0,0000000000E+00| -5,6748738047E-02 1,7929611667E-10| 0,0000000000E+00 -5,6748738047E-02
90,0 100,0|S 23° 17' 17,9999891" W 45° 52' 8,48150506" 646,1838575959| 90,0000000000 100,1262168903 2,2737367544E-10| 0,0000000000E+00| 1,2621689027E-01 3,5187148792E-11| 0,0000000000E+00 1,2621689027E-01
108,0 100,0|S 23° 17' 19,00439687" W 45° 52' 8,6535901" 646,1838575950| 108,0000000000 99,9432383636 -7,0383521233E-10| 0,0000000000E+00] -5,6761636399E-02 -1,0892181909E-10| 0,0000000000E+00 -5,6761636399E-02
126,0 100,0(S 23° 17' 19,91042724" W 45° 52' 9,15345885" 646,1838575969| 126,0000000000 99,9421100640 1,1589236237E-09| 0,0000000000E+00| -5,7889936026E-02 1,7934889739E-10| 0,0000000000E+00 -5,7889936026E-02
144,0 100,0(S 23° 17' 20,62953519" W 45° 52' 9,93182308" 646,1838575950| 144,0000000000 99,9896031122 -7,0372152550E-10| 0,0000000000E+00| -1,0396887752E-02 -1,0890422551E-10| 0,0000000000E+00 -1,0396887752E-02
162,0 100,0|S 23° 17' 21,09168189" W 45° 52' 10,9125271" 646,1838575959| 162,0000000000 99,9445675118 2,2771473596E-10| 0,0000000000E+00| -5,5432488210E-02 3,5239929515E-11| 0,0000000000E+00 -5,5432488210E-02
180,0 100,0|S 23° 17' 21,25097804" W 45° 52' 12,0" 646,1838575959| 179,9999987900 99,9708399813 2,2771473596E-10| -1,2100000000E-06| -2,9160018661E-02 3,5239929515E-11| -6,7222222222E-07 -2,9160018661E-02
198,0 100,0|S 23° 17' 21,09168189" W 45° 52' 13,0874729" 646,1838575969| 198,0000000000 99,9445675118 1,1590373106E-09| 0,0000000000E+00| -5,5432488210E-02 1,7936649097E-10| 0,0000000000E+00 -5,56432488210E-02
216,0 100,0(S 23° 17' 20,62953519" W 45° 52' 14,06817692" 646,1838575969| 216,0000000000 99,9896031081 1,1590373106E-09| 0,0000000000E+00| -1,0396891943E-02 1,7936649097E-10| 0,0000000000E+00 -1,0396891943E-02
234,0 100,0(S 23° 17' 19,91042724" W 45° 52' 14,84654115" 646,1838575959| 234,0000000000 99,9421100500 2,2760104912E-10| 0,0000000000E+00| -5,7889949996E-02 3,5222335941E-11| 0,0000000000E+00 -5,7889949996E-02
252,0 100,0|S 23° 17' 19,00439687" W 45° 52' 15,3464099" 646,1838575959| 252,0000000000 99,9432383573 2,2748736228E-10| 0,0000000000E+00| -5,6761642685E-02 3,5204742367E-11| 0,0000000000E+00 -5,6761642685E-02
270,0 100,0|S 23° 17" 17,9999891" W 45° 52' 15,51849494" 646,1838575959| 270,0000000000 100,1262168877 2,2737367544E-10| 0,0000000000E+00| 1,2621688769E-01 3,5187148792E-11| 0,0000000000E+00 1,2621688769E-01
288,0 100,0|S 23° 17' 16,99558337" W 45° 52' 15,34639603" 646,1838575969| 288,0000000000 99,9432512592 1,1585825632E-09| 0,0000000000E+00| -5,6748740841E-02 1,7929611667E-10| 0,0000000000E+00 -5,6748740841E-02
306,0 100,0(S 23° 17' 16,08955833" W 45° 52' 14,84651871" 646,1838575959| 306,0000000000 99,9420981510 2,2714630177E-10| 0,0000000000E+00| -5,7901849039E-02 3,56151961643E-11| 0,0000000000E+00 -5,7901849039E-02
324,0 100,0|S 23° 17' 15,37045696" W 45° 52' 14,06815447" 646,1838575941| 324,0000000000 99,9895668639 -1,6356125343E-09| 0,0000000000E+00| -1,0433136078E-02 -2,5311875484E-10| 0,0000000000E+00 -1,0433136078E-02
342,0 100,0|S 23° 17' 14,90831558" W 45° 52' 13,08745902" 646,1838575959| 342,0000000000 99,9445820510 2,2703261493E-10| 0,0000000000E+00| -5,5417948985E-02 3,5134368069E-11| 0,0000000000E+00 -5,5417948985E-02
0,0 1000,0|S 23° 16' 45,49019219" W 45° 52 12,0" 646,1838575959 0,0000000000 999,7100156670 2,2362200980E-10| 0,0000000000E+00| -2,8998433298E-01 3,4606560837E-11| 0,0000000000E+00 -2,8998433298E-02
18,0 1000,0|S 23° 16' 47,08304187" W 45° 52' 1,12603395" 646,1838575969| 18,0000000000 999,4464769219 1,1550582713E-09| 0,0000000000E+00| -5,5352307810E-01 1,7875071586E-10| 0,0000000000E+00 -5,5352307810E-02
36,0 1000,0|S 23° 16' 51,70421608" W 45° 51' 51,31946494" 646,1838575959| 36,0000000000 999,8940395446 2,2430413082E-10| 0,0000000000E+00| -1,0596045540E-01 3,4712122283E-11| 0,0000000000E+00 -1,0596045540E-02
54,0 1000,0|S 23° 16' 58,89493367" W 45° 51' 43,5358226" 646,1838575969| 54,0000000000 999,4204475246 1,1565362001E-09| 0,0000000000E+00| -5,7955247536E-01 1,7897943233E-10| 0,0000000000E+00 -5,7955247536E-02

(conti nua)




08T

Tabel a 5.11 — Conti nuacéao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
72,0 1000,0|S 23° 17' 7,95494441" W 45° 51' 38,53666379" 646,1838575969|  72,0000000000 999,4330952244 1,1575593817E-09| 0,0000000000E+00| -5,6690477557E-01 1,7913777450E-10| 0,0000000000E+00 -5,6690477557E-02
90,0 1000,0|S 23° 17" 17,99891021" W 45° 51' 36,81505063" 646,1838575959| 90,0000000000 1001,2590917554 2,2737367544E-10| 0,0000000000E+00| 1,2590917554E+00 3,5187148792E-11| 0,0000000000E+00 1,2590917554E-01
108,0 1000,0|S 23° 17' 28,04307926" W 45° 51' 38,53527683" 646,1838575959| 108,0000000000 999,4318050179 2,2851054382E-10| 0,0000000000E+00| -5,6819498213E-01 3,5363084536E-11| 0,0000000000E+00 -5,6819498213E-02
126,0 1000,0|S 23° 17' 37,10362259" W 45° 51' 43,53357859" 646,1838575969| 126,0000000000 999,4216386629 1,1608563000E-09| 0,0000000000E+00| -5,7836133707E-01 1,7964798816E-10| 0,0000000000E+00 -5,7836133707E-02
144,0 1000,0|S 23° 17' 44,29499831" W 45° 51' 51,31722084" 646,1838575950| 144,0000000000 999,8976642927 -7,0087935455E-10| 0,0000000000E+00]| -1,0233570726E-01 -1,0846438615E-10| 0,0000000000E+00 -1,0233570726E-02
162,0 1000,0|S 23° 17' 48,91670492" W 45° 52' 1,12464659" 646,1838575959| 162,0000000000 999,4450227909 2,3101165425E-10| 0,0000000000E+00| -5,5497720907E-01 3,6750143173E-11| 0,0000000000E+00 -5,5497720907E-02
180,0 1000,0|S 23° 17' 50,50975805" W 45° 52" 12,0" 646,1838575950| 179,9999991500 999,7070815297 -7,0008354669E-10| -8,5000000000E-07| -2,9291847034E-01 -1,0834123113E-10| -4,7222222222E-07 -2,9291847034E-02
198,0 1000,0|S 23° 17' 48,91670492" W 45° 52' 22,87535341" 646,1838575959| 198,0000000000 999,4450227930 2,3101165425E-10| 0,0000000000E+00| -5,5497720698E-01 3,5750143173E-11| 0,0000000000E+00 -5,5497720698E-02
216,0 1000,0|S 23° 17' 44,29499831" W 45° 52' 32,68277916" 646,1838575950| 216,0000000000 999,8976642939 -7,0087935455E-10| 0,0000000000E+00| -1,0233570606E-01 -1,0846438615E-10| 0,0000000000E+00 -1,0233570606E-02
234,0 1000,0|S 23° 17' 37,10362259" W 45° 52' 40,46642141" 646,1838575950| 234,0000000000 999,4216386620 -7,0178884926E-10| 0,0000000000E+00] -5,7836133800E-01 -1,0860513475E-10| 0,0000000000E+00 -5,7836133800E-02
252,0 1000,0|S 23° 17' 28,04307926" W 45° 52' 45,46472317" 646,1838575969| 252,0000000000 999,4318050159 1,1598331184E-09| 0,0000000000E+00| -5,6819498411E-01 1,7948964599E-10| 0,0000000000E+00 -5,6819498411E-02
270,0 1000,0|S 23° 17" 17,99891021" W 45° 52' 47,18494937" 646,1838575959| 270,0000000000 1001,2590917539 2,2737367544E-10| 0,0000000000E+00| 1,2590917539E+00 3,5187148792E-11| 0,0000000000E+00 1,2590917539E-01
288,0 1000,0|S 23° 17' 7,95494441" W 45° 52' 45,46333621" 646,1838575969| 288,0000000000 999,4330952228 1,1575593817E-09| 0,0000000000E+00| -5,6690477720E-01 1,7913777450E-10| 0,0000000000E+00 -5,6690477720E-02
306,0 1000,0|S 23° 16' 58,89493367" W 45° 52' 40,4641774" 646,1838575959| 306,0000000000 999,4204475228 2,2521362553E-10| 0,0000000000E+00| -5,7955247723E-01 3,4852870879E-11| 0,0000000000E+00 -5,7955247723E-02
324,0 1000,0|S 23° 16' 51,70421608" W 45° 52' 32,68053506" 646,1838575978| 324,0000000000 999,8940395433 2,0869492801E-09| 0,0000000000E+00| -1,0596045665E-01 3,2296524519E-10| 0,0000000000E+00 -1,0596045665E-02
342,0 1000,0|S 23° 16' 47,08304 187" W 45° 52' 22,87396605" 646,1838575950| 342,0000000000 999,4464769225 -7,0758687798E-10| 0,0000000000E+00| -5,5352307751E-01 -1,0950240704E-10| 0,0000000000E+00 -5,5352307751E-02
0,0 10000,0|S 23° 11' 52,89968526" W 45° 52" 12,0" 646,1838575959 0,0000008500 9997,2342251880 1,8940227164E-10| 8,5000000000E-07 | -2,7657748120E+00 2,9310894944E-11| 0,0000000000E+00 -2,7657748120E-02
18,0 10000,0(S 23° 12' 8,81904499" W 45° 50' 23,32264844" 646,1838575959| 18,0000000000 9994,5322348404 1,9122126105E-10| 0,0000000000E+00 | -5,4677651596E+00 2,9592392134E-11| 0,0000000000E+00 -5,4677651596E-02
36,0 10000,0(S 23° 12' 55,00686621" W 45° 48' 45,29547443" 646,1838575968| 36,0000000000 9998,7793141906 1,1278871170E-09| 0,0000000000E+00 | -1,2206858094E+00 1,7454585158E-10| 0,0000000000E+00 -1,2206858094E-02
54,0 10000,0|S 23° 14' 6,88444679" W 45° 47' 27,4591105" 646,1838575959|  54,0000000000 9994,1529026739 2,0509105525E-10| 0,0000000000E+00| -5,8470973261E+00 3,1738808211E-11| 0,0000000000E+00 -5,8470973261E-02
72,0 10000,0S 23° 15' 37,46056602" W 45° 46' 37,42905593" 646,1838575959| 72,0000000000 9994,3910405019 2,1555024432E-10| 0,0000000000E+00 | -5,6089594981E+00 3,3357417055E-11| 0,0000000000E+00 -5,6089594981E-02
90,0 10000,0|S 23° 17" 17,89102132" W 45° 46' 20,15055851" 646,1838575959| 90,0000000000 10012,2850431591 2,2737367544E-10| 0,0000000000E+00| 1,2285043159E+01 3,5187148792E-11| 0,0000000000E+00 1,2285043159E-01
108,0 10000,0(S 23° 18' 58,34180109" W 45° 46' 37,29035973" 646,1838575959| 108,0000000000 9994,2620198587 2,3919710657E-10| 0,0000000000E+00| -5,7379801413E+00 3,7016880529E-11| 0,0000000000E+00 -5,7379801413E-02
126,0 10000,0|S 23° 20' 28,97117908" W 45° 47' 27,23470941" 646,1838575960| 126,0000000000 9994,2720166827 2,4976998247E-10| 0,0000000000E+00| -5,7279833173E+00 3,8653082948E-11| 0,0000000000E+00 -5,7279833173E-02
144,0 10000,0|S 23° 21' 40,91457257" W 45° 48' 45,07106429" 646,1838575950| 144,0000000000 9999,1417895734 -6,7302607931E-10| 0,0000000000E+00| -8,5821042661E-01 -1,0415396042E-10| 0,0000000000E+00 -8,5821042661E-03
162,0 10000,0 S 23° 22' 27,15563445" W 45° 50" 23,18391265" 646,1838575950| 162,0000000000 9994,3868216805 -6,6756911110E-10| 0,0000000000E+00| -5,6131783195E+00 -1,0330946885E-10| 0,0000000000E+00 -5,6131783195E-02
180,0 10000,0| S 23° 22' 43,09533894" W 45° 52" 12,0" 646,1838575960| 180,0000000000 9996,9408110008 2,6557245292E-10| 0,0000000000E+00 | -3,0591889992E+00 4,1098589789E-11| 0,0000000000E+00 -3,0591889992E-02
198,0 10000,0(S 23° 22' 27,15563445" W 45° 54' 0,81608735" 646,1838575960| 198,0000000000 9994,3868216819 2,6363977668E-10| 0,0000000000E+00| -5,6131783181E+00 4,0799499025E-11| 0,0000000000E+00 -5,6131783181E-02
216,0 10000,0|S 23° 21' 40,91457257" W 45° 55' 38,92893571" 646,1838575950| 216,0000000000 9999,1417895691 -6,7302607931E-10| 0,0000000000E+00] -8,5821043092E-01 -1,0415396042E-10| 0,0000000000E+00 -8,5821043092E-03
234,0 10000,0S 23° 20' 28,97117908" W 45° 56' 56,76529059" 646,1838575960| 234,0000000000 9994,2720166808 2,4976998247E-10| 0,0000000000E+00| -5,7279833192E+00 3,8653082948E-11| 0,0000000000E+00 -5,7279833192E-02
252,0 10000,0|S 23° 18' 58,34180109" W 45° 57' 46,70964027" 646,1838575959| 252,0000000000 9994,2620198566 2,3919710657E-10| 0,0000000000E+00 | -5,7379801434E+00 3,7016880529E-11| 0,0000000000E+00 -5,7379801434E-02
270,0 10000,0|S 23° 17' 17,89102132" W 45° 58' 3,84944149" 646,1838575959| 270,0000000000 10012,2850431561 2,2737367544E-10| 0,0000000000E+00| 1,2285043156E+01 3,5187148792E-11| 0,0000000000E+00 1,2285043156E-01
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Tabel a 5.11 — Conti nuacéao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
288,0 10000,0|S 23° 15' 37,46056602" W 45° 57' 46,57094407" 646,1838575959| 288,0000000000 9994,3910404993 2,1555024432E-10| 0,0000000000E+00| -5,6089595007E+00 3,3357417055E-11| 0,0000000000E+00 -5,6089595007E-02
306,0 10000,0|S 23° 14' 6,88444679" W 45° 56' 56,5408895" 646,1838575959| 306,0000000000 9994,1529026735 2,0497736841E-10| 0,0000000000E+00 | -5,8470973265E+00 3,1721214636E-11| 0,0000000000E+00 -5,8470973265E-02
324,0 10000,0|S 23° 12' 55,00686621" W 45° 55' 38,70452557" 646,1838575968 | 324,0000000000 9998,7793141832 1,1278871170E-09| 0,0000000000E+00| -1,2206858168E+00 1,7454585158E-10| 0,0000000000E+00 -1,2206858168E-02
342,0 10000,0(S 23° 12' 8,81904499" W 45° 54' 0,67735156" 646,1838575959| 342,0000000000 9994,5322348335 1,9122126105E-10| 0,0000000000E+00 | -5,4677651665E+00 2,9592392134E-11| 0,0000000000E+00 -5,4677651665E-02
0,0 100000,0|S 22° 23' 6,77539915" W 45° 52" 12,0" 646,1838575946 0,0000000000 99987,5786424487 -1,0736584954E-09| 0,0000000000E+00| -1,2421357551E+01 -1,6615371660E-10| 0,0000000000E+00 -1,2421357551E-02
18,0 100000,0| S 22° 25' 45,07136498" W 45° 34" 11,34864734" 646,1838575947| 18,0000000000 99953,8959939339 -1,0561507224E-09| 0,0000000000E+00 | -4,6104006066E+01 -1,6344430614E-10| 0,0000000000E+00 -4,6104006066E-02
36,0 100000,0| S 22° 33' 24,59089448" W 45° 17' 54,89466472" 646,1838575956| 36,0000000000 99973,5137582315 -7,3782757681E-11| 0,0000000000E+00 | -2,6486241768E+01 -1,1418229783E-11| 0,0000000000E+00 -2,6486241768E-02
54,0 100000,0|S 22° 45' 20,42573326" W 45° 4' 56,59306301" 646,1838575957| 54,0000000000 99938,1974491402 6,5938365879E-12| 0,0000000000E+00 | -6,1802550860E+01 1,0204273150E-12| 0,0000000000E+00 -6,1802550860E-02
72,0 100000,0(S 23° 0' 23,76898115" W 44° 56' 32,53598924" 646,1838575958| 72,0000000000 99951,7456261160 1,0959411156E-10| 0,0000000000E+00 | -4,8254373884E+01 1,6960205718E-11| 0,0000000000E+00 -4,8254373884E-02
90,0 100000,0{S 23° 17' 7,1024719" W 44° 53' 33,55779539" 646,1838575959| 90,0000000000 100094,1010104410 2,2612312023E-10| 0,0000000000E+00| 9,4101010441E+01 3,4993619474E-11| 0,0000000000E+00 9,4101010441E-02
108,0 100000,0S 23° 33' 52,46790704" W 44° 56' 18,66767249" 646,1838575951| 108,0000000000 99938,8446957082 -5,8651039581E-10| 0,0000000000E+00| -6,1155304292E+01 -9,0765250309E-11| 0,0000000000E+00 -6,1155304292E-02
126,0 100000,0|S 23° 49' 1,13615506" W 45° 4' 34,1531967" 646,1838575934 | 126,0000000000 99950,1093325093 -2,3400161808E-09| 0,0000000000E+00 | -4,9890667491E+01 -3,6212854179E-10| 0,0000000000E+00 -4,9890667491E-02
144,0 100000,0|S 24° 1' 3,55208766" W 45° 17' 32,45158646" 646,1838575953| 144,0000000000 100009,7627658290 -3,8949110603E-10| 0,0000000000E+00| 9,7627658296E+00 -6,0275585881E-11| 0,0000000000E+00 9,7627658296E-03
162,0 100000,0(S 24° 8' 48,39623834" W 45° 33' 57,47263696" 646,1838575944 | 162,0000000000 99939,3540815088 -1,2637428881E-09| 0,0000000000E+00 | -6,0645918491E+01 -1,9557017299E-10| 0,0000000000E+00 -6,0645918491E-02
180,0 100000,0|S 24° 11' 28,72706259" W 45° 52" 12,0" 646,1838575954| 180,0000000000 99958,2360243361 -3,1263880373E-10| 0,0000000000E+00| -4,1763975664E+01 -4,8382329589E-11] 0,0000000000E+00 -4,1763975664E-02
198,0 100000,0|S 24° 8' 48,39623834" W 46° 10' 26,52736304" 646,1838575954 | 198,0000000000 99939,3540815101 -3,3242031350E-10| 0,0000000000E+00 | -6,0645918490E+01 -5,1443611534E-11| 0,0000000000E+00 -6,0645918490E-02
216,0 100000,0|S 24° 1' 3,55208766" W 46° 26' 51,54841354" 646,1838575953 | 216,0000000000 100009,7117598130 -3,8949110603E-10| 0,0000000000E+00| 9,7117598139E+00 -6,0275585881E-11| 0,0000000000E+00 9,7117598139E-03
234,0 100000,0(S 23° 49' 1,13615506" W 46° 39' 49,8468033" 646,1838575952| 234,0000000000 99950,1093325065 -4,7737103159E-10| 0,0000000000E+00 | -4,9890667493E+01 -7,3875418889E-11| 0,0000000000E+00 -4,9890667493E-02
252,0 100000,0(S 23° 33' 52,46790704" W 46° 48' 5,33232751" 646,1838575951| 252,0000000000 99938,8430383376 -5,8651039581E-10| 0,0000000000E+00| -6,1156961662E+01 -9,0765250309E-11| 0,0000000000E+00 -6,1156961662E-02
270,0 100000,0{S 23° 17' 7,1024719" W 46° 50' 50,44220461" 646,1838575959| 270,0000000000 100094,1010104360 2,2612312023E-10| 0,0000000000E+00| 9,4101010437E+01 3,4993619474E-11]| 0,0000000000E+00 9,4101010437E-02
288,0 100000,0|S 23° 0' 23,76898115" W 46° 47' 51,46401076" 646,1838575977| 288,0000000000 99951,7456261110 1,9722392608E-09| 0,0000000000E+00 | -4,8254373889E+01 3,0521332862E-10| 0,0000000000E+00 -4,8254373889E-02
306,0 100000,0|S 22° 45' 20,42573326" W 46° 39' 27,40693699" 646,1838575966| 306,0000000000 99938,1974491397 9,3791641120E-10| 0,0000000000E+00 | -6,1802550860E+01 1,4514698877E-10| 0,0000000000E+00 -6,1802550860E-02
324,0 100000,0S 22° 33' 24,59089448" W 46° 26' 29,10533528" 646,1838575956 | 324,0000000000 99973,5137582341 -7,3782757681E-11| 0,0000000000E+00 | -2,6486241766E+01 -1,1418229783E-11| 0,0000000000E+00 -2,6486241766E-02
342,0 100000,0|S 22° 25' 45,07136498" W 46° 10' 12,65135266" 646,1838575947| 342,0000000000 99953,8959939349 -1,0561507224E-09| 0,0000000000E+00 | -4,6104006065E+01 -1,6344430614E-10| 0,0000000000E+00 -4,6104006065E-02
0,0 1000000,0|S 14° 15' 13,7783885" W 45° 52" 12,0" 646,1838575943 0,0000000000| 1000068,5036558800 -1,4314309738E-09| 0,0000000000E+00| 6,8503655883E+01 -2,2152069522E-10| 0,0000000000E+00 6,8503655883E-03
18,0 1000000,0|S 14° 40' 19,39678654" W 43° 0' 40,17009227" 646,1838575943| 18,0000000000| 1000088,6090738800 -1,3653789210E-09| 0,0000000000E+00| 8,8609073880E+01 -2,1129882850E-10| 0,0000000000E+00 8,8609073880E-03
36,0 1000000,0|S 15° 53' 25,13829485" W 40° 23' 41,44496474" 646,1838575955| 36,0000000000 999992,4687416130 -2,1407231543E-10| 0,0000000000E+00| -7,5312583870E+00 -3,3128700588E-11| 0,0000000000E+00 -7,5312583870E-04
54,0 1000000,0S 17° 48' 8,77715851" W 38° 14' 52,55107393" 646,1838575969| 54,0000000000| 1000060,1830908600 1,1507381714E-09| 0,0000000000E+00| 6,0183090865E+01 1,7808216004E-10| 0,0000000000E+00 6,0183090865E-03
72,0 1000000,0| S 20° 14' 24,57894201" W 36° 46' 2,27894337" 646,1838575957| 72,0000000000| 1000068,1271258900 5,5706550484E-12| 0,0000000000E+00| 6,8127125893E+01 8,6208514541E-13| 0,0000000000E+00 6,8127125893E-03
90,0 1000000,0|S 22° 59' 11,6299885" W 36° 6' 39,39322157" 646,1838575967| 90,0000000000 999896,5923957300 1,0327312339E-09| 0,0000000000E+00 | -1,0340760427E+02 1,5982002981E-10| 0,0000000000E+00 -1,0340760427E-02
108,0 1000000,0|S 25° 47' 18,00319002" W 36° 23' 5,02787037" 646,1838575952| 108,0000000000| 1000049,9714174800 -5,0499693316E-10| 0,0000000000E+00| 4,9971417487E+01 -7,8150657467E-11| 0,0000000000E+00 4,9971417487E-03
126,0 1000000,0|S 28° 22' 20,05905733" W 37° 37' 25,30004649" 646,1838575956| 126,0000000000| 1000072,0130459900 -1,4483703126E-10| 0,0000000000E+00| 7,2013045997E+01 -2,2414213781E-11| 0,0000000000E+00 7,2013045997E-03

(conti nua)
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Tabel a 5.11 — Concl usao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
144,0 1000000,0| S 30° 28' 2,21961741" W 39° 45' 51,04208107" 646,1838575948| 144,0000000000| 1000040,3812287600 -9,1608853836E-10| 0,0000000000E+00| 4,0381228768E+01 -1,4176902248E-10| 0,0000000000E+00 4,0381228768E-03
162,0 1000000,0|S 31° 50' 9,3099073" W 42° 37' 4,55578444" 646,1838575955| 162,0000000000| 1000061,4844223200 -2,0440893422E-10| 0,0000000000E+00| 6,1484422327E+01 -3,1633246764E-11| 0,0000000000E+00 6,1484422327E-03
180,0 1000000,0|S 32° 18'43,60191747" W 45° 52" 12,0" 646,1838575957| 179,9999991500| 1000020,7977197700 3,9790393203E-11| -8,5000000000E-07| 2,0797719772E+01 6,1577510386E-12| -4,7222222222E-07 2,0797719772E-03
198,0 1000000,0|S 31° 50' 9,3099073" W 49° 7' 19,44421556" 646,1838575955| 198,0000000000| 1000061,4844223200 -2,0452262106E-10| 0,0000000000E+00| 6,1484422323E+01 -3,1650840339E-11| 0,0000000000E+00 6,1484422323E-03
216,0 1000000,0| S 30° 28' 2,21961741" W 51° 58' 32,95791893" 646,1838575948| 216,0000000000| 1000040,3812287600 -9,1597485152E-10| 0,0000000000E+00| 4,0381228765E+01 -1,4175142891E-10| 0,0000000000E+00 4,0381228765E-03
234,0 1000000,0|S 28° 22' 20,06225487" W 54° 6' 58,70564619" 646,1838575956 | 234,0000000000| 1000072,1965649600 -1,4483703126E-10| 0,0000000000E+00| 7,2196564967E+01 -2,2414213781E-11| 0,0000000000E+00 7,2196564967E-03
252,0 1000000,0|S 25° 47' 18,00319002" W 55° 21' 18,97212963" 646,1838575971| 252,0000000000| 1000049,9714174800 1,3576482161E-09| 0,0000000000E+00| 4,9971417485E+01 2,1010246544E-10| 0,0000000000E+00 4,9971417485E-03
270,0 1000000,0|S 22° 59' 11,6299885" W 55° 37' 44,60677843" 646,1838575967 | 270,0000000000 999896,5923957 180 1,0327312339E-09| 0,0000000000E+00 | -1,0340760428E+02 1,5982002981E-10| 0,0000000000E+00 -1,0340760428E-02
288,0 1000000,0(S 20° 14' 24,57894201" W 54° 58' 21,72105663" 646,1838575957 | 288,0000000000| 1000068,1421855900 5,5706550484E-12| 0,0000000000E+00| 6,8142185594E+01 8,6208514541E-13| 0,0000000000E+00 6,8142185594E-03
306,0 1000000,0|S 17° 48' 8,77967605" W 53° 29' 31,44564167" 646,1838575959| 306,0000000000| 1000060,0592420200 2,1941559680E-10| 0,0000000000E+00| 6,0059242024E+01 3,3955598584E-11| 0,0000000000E+00 6,0059242024E-03
324,0 1000000,0|S 15° 53' 25,13829485" W 51° 20" 42,55503526" 646,1838575955| 324,0000000000 999991,8922995950 -2,1407231543E-10| 0,0000000000E+00| -8,1077004042E+00 -3,3128700588E-11| 0,0000000000E+00 -8,1077004042E-04
342,0 1000000,0|S 14° 40' 19,39678654" W 48° 43' 43,82990773" 646,1838575962| 342,0000000000| 1000087,8000849500 4,9726622819E-10| 0,0000000000E+00| 8,7800084957E+01 7,6954294408E-11| 0,0000000000E+00 8,7800084957E-03
0,0 10000000,0 [N 66° 54' 2,64097318" W 45° 52" 12,0" 646,1838575969 0,0000000000| 10000111,4889630000 1,1475549400E-09| 0,0000000000E+00| 1,1148896306E+02 1,7758953995E-10| 0,0000000000E+00 1,1148896306E-03
18,0 10000000,0|N 61° 4' 2,11525145" W 6° 24' 52,28211428" 646,1838575960| 18,0000000000| 10000117,9894153000 2,4442670110E-10| 0,0000000000E+00| 1,1798941532E+02 3,7826184952E-11| 0,0000000000E+00 1,1798941532E-03
36,0] 10000000,0|N 48° 10' 57,75237977" E 15° 33' 57,45817882" 646,1838575957| 36,0000000000| 10000057,8611765000 -4,1268322093E-11| 0,0000000000E+00| 5,7861176535E+01 -6,3864675058E-12| 0,0000000000E+00 5,7861176535E-04
54,0 10000000,0 | N 32° 49' 16,46519154" E 28° 2'6,8462345" 646,1838575951| 54,0000000000| 10000073,6915021000 -6,3323568611E-10| 0,0000000000E+00| 7,3691502120E+01 -9,7996209386E-11| 0,0000000000E+00 7,3691502120E-04
72,0 10000000,0 | N 16° 32' 44,86498663" E 36° 41' 50,61472045" 646,1838575947| 72,0000000000| 10000045,6576388000 -1,0093117453E-09| 0,0000000000E+00| 4,5657638874E+01 -1,5619575349E-10| 0,0000000000E+00 4,5657638874E-04
90,0 10000000,0|S 0° 3' 39,64963291" E 43° 59' 17,69254431" 646,1838575946| 90,0000000000| 9999979,0631580800 -1,0916210158E-09| 0,0000000000E+00| -2,0936841918E+01 -1,6893350135E-10| 0,0000000000E+00 -2,0936841918E-04
108,0 10000000,0|S 16° 39' 46,4760645" E 51°17' 32,97723582" 646,1838575957| 108,0000000000| 9999973,0360063200 -5,2295945352E-11| 0,0000000000E+00 | -2,6963993680E+01 -8,0930442222E-12| 0,0000000000E+00 -2,6963993680E-04
126,0| 10000000,0|S 32° 55' 28,27351732" E 59° 59' 36,17476304" 646,1838575961| 126,0000000000| 9999939,0804971800 3,5004177334E-10| 0,0000000000E+00| -6,0919502821E+01 5,4170615566E-11| 0,0000000000E+00 -6,0919502821E-04
144,0 10000000,0S 48° 15' 57,78023001" E 72° 31' 22,28972993" 646,1838575957 | 144,0000000000| 9999940,5568900900 -5,5592863646E-11| 0,0000000000E+00 | -5,9443109909E+01 -8,6032578797E-12| 0,0000000000E+00 -5,9443109909E-04
162,0 10000000,0|S 61° 7' 49,26842141" E 94° 34' 49,89289172" 646,1838575959| 162,0000000000| 9999887,4194633700 2,1145751816E-10| 0,0000000000E+00| -1,1258053663E+02 3,2724048377E-11| 0,0000000000E+00 -1,1258053663E-03
180,0 10000000,0|S 66° 57' 15,48505111" E 134°7'48,0" 646,1838575940| 179,9999987900| 9999891,1463496100 -1,6691501514E-09| -1,2100000000E-06 | -1,0885365038E+02 -2,5830885928E-10| -6,7 E-07 -1,0885365038E-03
198,0]  10000000,0|S 61° 7' 49,26842141" E 173° 40' 46,10710828" 646,1838575969| 198,0000000000| 9999887,4194633700 1,1427800928E-09| 0,0000000000E+00 | -1,1258053662E+02 1,7685060983E-10| 0,0000000000E+00 -1,1258053662E-03
216,0| 10000000,0|S 48° 15' 57,78023001" W 164° 15' 46,28972993" 646,1838575975| 216,0000000000| 9999940,5568900800 1,8070522856E-09| 0,0000000000E+00 | -5,9443109915E+01 2,7964986503E-10| 0,0000000000E+00 -5,9443109915E-04
234,0 10000000,0| S 32° 55' 28,27351732" W 151° 44' 0,17476304" 646,1838575961| 234,0000000000| 9999937,3184266800 3,5004177334E-10| 0,0000000000E+00| -6,2681573316E+01 5,4170615566E-11| 0,0000000000E+00 -6,2681573316E-04
252,0 10000000,0|S 16° 39' 46,4760645" W 143° 1' 56,97723582" 646,1838575957 | 252,0000000000| 9999973,0360063200 -5,2295945352E-11| 0,0000000000E+00 | -2,6963993680E+01 -8,0930442222E-12| 0,0000000000E+00 -2,6963993680E-04
270,0 10000000,0|S 0° 3' 39,64963291" W 135° 43' 41,69254431" 646,1838575946| 270,0000000000| 9999979,0631580800 -1,0916210158E-09| 0,0000000000E+00 | -2,0936841920E+01 -1,6893350135E-10| 0,0000000000E+00 -2,093684 1920E-04
288,0| 10000000,0|N 16° 32' 44,86498663" W 128° 26' 14,61472045" 646,1838575966| 288,0000000000| 10000045,6576388000 8,5333340394E-10| 0,0000000000E+00| 4,5657638878E+01 1,3205736942E-10| 0,0000000000E+00 4,5657638878E-04
306,0 10000000,0 | N 32° 49' 16,46519154" W 119° 46" 30,8462345" 646,1838575960| 306,0000000000| 10000073,6915021000 2,9808688851E-10| 0,0000000000E+00| 7,3691502117E+01 4,6130352067E-11| 0,0000000000E+00 7,3691502117E-04
324,0 10000000,0 | N 48° 10' 57,75237977" W 107° 18' 21,45817882" 646,1838575957 | 324,0000000000| 10000057,8611765000 -4,1268322093E-11| 0,0000000000E+00| 5,7861176535E+01 -6,3864675058E-12| 0,0000000000E+00 5,7861176535E-04
342,0 10000000,0 N 61° 4'2,11525145" W 85° 19' 31,71788572" 646,1838575960| 342,0000000000| 10000117,9894153000 2,4442670110E-10| 0,0000000000E+00| 1,1798941532E+02 3,7826184952E-11| 0,0000000000E+00 1,1798941532E-03
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TABELA 5.12 — RESULTADOS OBTIDOS A PARTI R DA POSI CAO SBSJ, me100,

n=100

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
0,0 1,0]S 23° 17" 17,96749711" W 45° 52" 12,0" 646,1838575959 0,0000000000 1,0000001521 2,2737367544E-10| 0,0000000000E+00| 1,5213299775E-07 3,5187148792E-11| 0,0000000000E+00 1,6213299775E-05
18,0 1,08 23° 17" 17,96908791" W 45° 52' 11,98912701" 646,1838575959| 18,0000001400 0,9999999735 2,2737367544E-10| 1,4000000000E-07| -2,6515408535E-08 3,5187148792E-11| 7,7777777778E-07 -2,6515408535E-06
36,0 1,0|S 23° 17" 17,97370458" W 45° 52' 11,97931832" 646,1838575959| 36,0000001000 1,0000001453 2,2737367544E-10| 1,0000000000E-07| 1,4525539882E-07 3,5187148792E-11| 2,7777777778E-07 1,4525539882E-05
54,0 1,0|S 23° 17' 17,98089524" W 45° 52' 11,97153408" 646,1838575959| 54,0000000300 1,0000000005 2,2737367544E-10| 3,0000000000E-08| 5,0931703299E-10 3,5187148792E-11| 5,5555555556E-08 5,0931703299E-08
72,0 1,0]S 23° 17" 17,98995602" W 45° 52' 11,96653628" 646,1838575959|  72,0000000600 0,9999999714 2,2737367544E-10| 6,0000000000E-08| -2,8638169169E-08 3,5187148792E-11| 8,3333333333E-08 -2,8638169169E-06
90,0 1,0|S 23° 17" 18,0" W 45° 52' 11,96481415" 646,1838575978| 90,0000000400 1,0000000019 2,0900188247E-09| 4,0000000000E-08| 1,9129453577E-09 3,2344027170E-10| 4,4444444444E-08 1,9129453577E-07
108,0 1,0|S 23° 17' 18,01004397" W 45° 52' 11,96653628" 646,1838575959| 108,0000000000 0,9999999727 2,2737367544E-10| 0,0000000000E+00| -2,7281203074E-08 3,56187148792E-11| 0,0000000000E+00 -2,7281203074E-06
126,0 1,0|S 23° 17" 18,01910476" W 45° 52' 11,97153408" 646,1838575959| 126,0000000000 0,9999999999 2,2737367544E-10| 0,0000000000E+00| -8,7311491370E-11 3,5187148792E-11| 0,0000000000E+00 -8,7311491370E-09
144,0 1,0|S 23° 17" 18,02629542" W 45° 52' 11,97931832" 646,1838575969| 143,9999999700 1,0000001420 1,1586962501E-09| -3,0000000000E-08| 1,4203214960E-07 1,7931371024E-10| -2,0833333333E-08 1,4203214960E-05
162,0 1,0]S 23° 17' 18,03091209" W 45° 52' 11,98912701" 646,1838575959 161 500 0, 741 2,2737367544E-10| -5,0000000000E-08| -2,5913323043E-08 3,5187148792E-11| -3,0864197531E-08 -2,56913323043E-06
180,0 1,0|S 23° 17' 18,03250289" W 45° 52" 12,0" 646,1838575941| 180,0000000000 1,0000001556 -1,6352714738E-09| 0,0000000000E+00| 1,5561818145E-07 -2,5306597411E-10| 0,0000000000E+00 1,5561818145E-05
198,0 1,0|S 23° 17' 18,03091209" W 45° 52' 12,01087299" 646,1838575941| 197,9999998900 0,9999999691 -1,6352714738E-09| -1,1000000000E-07| -3,0926457839E-08 -2,5306597411E-10| -5,5555555556E-08 -3,0926457839E-06
216,0 1,0|S 23° 17' 18,02629542" W 45° 52' 12,02068168" 646,1838575959| 215,9999999100 1,0000001403 2,2737367544E-10| -9,0000000000E-08| 1,4030956663E-07 3,5187148792E-11| -4,1666666667E-08 1,4030956663E-05
234,0 1,0]S 23° 17' 18,01910476" W 45° 52' 12,02846592" 646,1838575959| 23 )00 0,99 4 2,2737367544E-10| -1,0000000000E-07| -3,6088749766E-09 3,5187148792E-11| -4,2735042735E-08 -3,6088749766E-07
252,0 1,0|S 23° 17' 18,01004397" W 45° 52' 12,03346372" 646,1838575941| 251 500 0 695 -1,6352714738E-09| -5,0000000000E-08| -3,0471710488E-08 -2,56306597411E-10| -1,9841269841E-08 -3,0471710488E-06
270,0 1,0|S 23° 17" 18,0" W 45° 52' 12,03518585" 646,1838575959| 269,9999999100 0,9999999989 2,2737367544E-10| -9,0000000000E-08| -1,1045113713E-09 3,5187148792E-11| -3,3333333333E-08 -1,1045113713E-07
288,0 1,0|S 23° 17" 17,98995602" W 45° 52' 12,03346372" 646,1838575959| 287,9999999900 0,9999999682 2,2737367544E-10| -1,0000000000E-08| -3,1835952541E-08 3,5187148792E-11| -3,4722222222E-09 -3,1835952541E-06
306,0 1,0]S 23° 17' 17,98089524" W 45° 52' 12,02846592" 646,1838575959| 306,0000000000 0,9999999975 2,2737367544E-10| 0,0000000000E+00| -2,4738255888E-09 3,5187148792E-11| 0,0000000000E+00 -2,4738255888E-07
324,0 1,0|S 23° 17' 17,97370458" W 45° 52' 12,02068168" 646,1838575959| 324,0000000500 1,0000001444 2,2737367544E-10| 5,0000000000E-08| 1,4440774976E-07 3,5187148792E-11| 1,5432098765E-08 1,4440774976E-05
342,0 1,0]S 23° 17" 17,96908791" W 45° 52' 12,01087299" 646,1838575959| 342,0000000600 0,9999999768 2,2737367544E-10| 6,0000000000E-08| -2,3163011065E-08 3,5187148792E-11| 1,7543859649E-08 -2,3163011065E-06
0,0 10,0|S 23° 17" 17,67497111" W 45° 52" 12,0" 646,1838575969 0,0000000000 10,0000015450 1,1586962501E-09| 0,0000000000E+00| 1,5449986677E-06 1,7931371024E-10| 0,0000000000E+00 1,5449986677E-05
18,0 10,0|S 23° 17" 17,69087909" W 45° 52' 11,89127015" 646,1838575959| 18,0000000100 9,9999997263 2,2737367544E-10| 1,0000000000E-08| -2,7368696465E-07 3,5187148792E-11| 5,5555555556E-08 -2,7 -06
36,0 10,0S 23° 17' 17,73704572" W 45° 52' 11,79318329" 646,1838575969| 36,0000000100 10,0000014442 1,1586962501E-09| 1,0000000000E-08| 1,4442493921E-06 1,7931371024E-10| 2,7777777778E-08 1,4442493921E-05
54,0 10,0]S 23° 17' 17,80895231" W 45° 52' 11,7153409" 646,1838575969| 54,0000000000 9,9999999978 1,1586962501E-09| 0,0000000000E+00| -2,1827872843E-09 1,7931371024E-10| 0,0000000000E+00 -2,1827872843E-08
72,0 10,0]S 23° 17' 17,89956015" W 45° 52' 11,66536283" 646,1838575941| 72,0000000100 9,9999997128 -1,6352714738E-09| 1,0000000000E-08| -2,8722570278E-07 -2,56306597411E-10| 1,3888888889E-08 -2,8722570278E-06
90,0 10,0|S 23° 17" 17,99999989" W 45° 52' 11,64814147" 646,1838575950| 90,0000000000 10,0000000106 -7,0394889917E-10| 0,0000000000E+00| 1,0578466103E-08 -1,0893941266E-10| 0,0000000000E+00 1,0578466103E-07
108,0 10,0|S 23° 17" 18,10043966" W 45° 52' 11,6653627" 646,1838575969| 108,0000000000 9,9999997014 1,1586962501E-09| 0,0000000000E+00| -2,9864713724E-07 1,7931371024E-10| 0,0000000000E+00 -2,9864713724E-06
126,0 10,0S 23° 17" 18,19104755" W 45° 52' 11,71534068" 646,1838575941| 126,0000000000 9,9999999735 -1,6352714738E-09| 0,0000000000E+00| -2,6513589546E-08 -2,5306597411E-10| 0,0000000000E+00 -2,6513589546E-07
144,0 10,0]S 23° 17" 18,2629542" W 45° 52' 11,79318306" 646,1838575959| 144,0000000000 10,0000014151 2,2737367544E-10| 0,0000000000E+00| 1,4151473806E-06 3,5187148792E-11| 0,0000000000E+00 1,4151473806E-05
162,0 10,0|S 23° 17' 18,30912089" W 45° 52' 11,89127001" 646,1838575959| 162,0000000000 9,9999996931 2,2737367544E-10| 0,0000000000E+00| -3,0688534025E-07 3,56187148792E-11| 0,0000000000E+00 -3,0688534025E-06
180,0 10,0|S 23° 17' 18,32502888" W 45° 52" 12,0" 646,1838575978| 180,0000000000 10,0000015038 2,0901325115E-09| 0,0000000000E+00| 1,5038240235E-06 3,2345786527E-10| 0,0000000000E+00 1,5038240235E-05
198,0 10,0|S 23° 17" 18,30912089" W 45° 52' 12,10872999" 646,1838575950| 197,9999999900 9,9999996952 -7,0394889917E-10| -1,0000000000E-08| -3,0480623536E-07 -1,0893941266E-10| -5,0505050505E-09 -3,0480623536E-06

(conti nua)
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Tabel a 5.12 — Conti nuacéao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
216,0 10,0]S 23° 17" 18,2629542" W 45° 52' 12,20681694" 646,1838575978| 215,9999999900 10,0000014160 2,0900188247E-09| -1,0000000000E-08| 1,4159959392E-06 3,2344027170E-10| -4,6296296296E-09 1,4159959392E-05
234,0 10,0|S 23° 17" 18,19104755" W 45° 52' 12,28465932" 646,1838575959| 233, )0 9, 711 2,2737367544E-10| -1,0000000000E-08| -2,8943759389E-08 3,5187148792E-11| -4,2735042735E-09 -2,8943759389E-07
252,0 10,0|S 23° 17" 18,10043966" W 45° 52' 12,3346373" 646,1838575969| 252,0000000000 9,9999996986 1,1586962501E-09| 0,0000000000E+00| -3,0141382013E-07 1,7931371024E-10| 0,0000000000E+00 -3,0141382013E-06
270,0 10,0|S 23° 17" 17,99999989" W 45° 52' 12,35185853" 646,1838575959| 270,0000000000 10,0000000087 2,2737367544E-10| 0,0000000000E+00| 8,7404750104E-09 3,5187148792E-11| 0,0000000000E+00 8,7404750104E-08
288,0 10,0]S 23° 17' 17,89956015" W 45° 52' 12,33463717" 646,1838575969| 288,0000000000 9,9999997105 1,1586962501E-09| 0,0000000000E+00| -2,8949762054E-07 1,7931371024E-10| 0,0000000000E+00 -2,8949762054E-06
306,0 10,0|S 23° 17" 17,80895231" W 45° 52' 12,2846591" 646,1838575941| 306,0000000000 9,9999999956 -1,6352714738E-09| 0,0000000000E+00| -4,3946783990E-09 -2,5306597411E-10| 0,0000000000E+00 -4,3946783990E-08
324,0 10,0|S 23° 17" 17,73704572" W 45° 52' 12,20681671" 646,1838575969| 324,0000000000 10,0000014471 1,1586962501E-09| 0,0000000000E+00| 1,4471279428E-06 1,7931371024E-10| 0,0000000000E+00 1,4471279428E-05
342,0 10,0|S 23° 17" 17,69087909" W 45° 52' 12,10872985" 646,1838575950| 342,0000000000 9,9999997305 -7,0406258601E-10| 0,0000000000E+00| -2,6952329790E-07 -1,0895700623E-10| 0,0000000000E+00 -2,6952329790E-06
0,0 100,0|S 23° 17' 14,74971091" W 45° 52' 12,0" 646,1838575969 0,0000000000 100,0000171378 1,1583551895E-09| 0,0000000000E+00| 1,7137790564E-05 1,7926092952E-10| 0,0000000000E+00 1,7137790564E-05
18,0 100,0|S 23° 17' 14,90878973" W 45° 52' 10,91270775" 646,1838575959|  18,0000000000 99,9999989294 2,2703261493E-10| 0,0000000000E+00| -1,0706007743E-06 3,5134368069E-11| 0,0000000000E+00 -1,0706007743E-06
36,0 100,0(S 23° 17' 15,37045418" W 45° 52' 9,93184334" 646,1838575959| 36,0000000000 99,9999969635 2,2703261493E-10| 0,0000000000E+00| -3,0365372368E-06 3,5134368069E-11| 0,0000000000E+00 -3,0365372368E-06
54,0 100,0(S 23° 17' 16,0895166" W 45° 52'9,15341911" 646,1838575959| 54,0000000000 100,0000009761 2,2714630177E-10| 0,0000000000E+00| 9,7614247352E-07 3,5151961643E-11| 0,0000000000E+00 9,7614247352E-07
72,0 100,0(S 23° 17" 16,99559256" W 45° 52' 8,65363458" 646,1838575950| 72,0000000000 99,9999976319 -7,0406258601E-10| 0,0000000000E+00| -2,3680913728E-06 -1,0895700623E-10| 0,0000000000E+00 -2,3680913728E-06
90,0 100,0|S 23° 17' 17,9999891" W 45° 52' 8,48141475" 646,1838575941| 90,0000000000 100,0000000749 -1,6352714738E-09| 0,0000000000E+00| 7,4935485372E-08 -2,5306597411E-10| 0,0000000000E+00 7,4935485372E-08
108,0 100,0|S 23° 17' 19,00438768" W 45° 52' 8,65362071" 646,1838575959| 108,0000000000 99,9999964842 2,2748736228E-10| 0,0000000000E+00| -3,5157554521E-06 3,5204742367E-11| 0,0000000000E+00 -3,6157554521E-06
126,0 100,0(S 23° 17' 19,91046897" W 45° 52' 9,15339667" 646,1838575959| 126,0000000000 99,9999987325 2,2760104912E-10| 0,0000000000E+00| -1,2675154721E-06 3,6222335941E-11| 0,0000000000E+00 -1,2675154721E-06
144,0 100,0(S 23° 17' 20,62953847" W 45° 52' 9,93182051" 646,1838575959| 144,0000000000 100,0000127463 2,2760104912E-10| 0,0000000000E+00| 1,2746305401E-05 3,5222335941E-11| 0,0000000000E+00 1,2746305401E-05
162,0 100,0|S 23° 17' 21,09120774" W 45° 52' 10,91269388" 646,1838575959| 162,0000000000 99,9999953257 2,2771473596E-10| 0,0000000000E+00| -4,6742698032E-06 3,5239929515E-11| 0,0000000000E+00 -4,6742698032E-06
180,0 100,0|S 23° 17' 21,25028859" W 45° 52' 12,0" 646,1838575959| 179,9999987900 100,0000132867 2,2771473596E-10| -1,2100000000E-06| 1,3286713511E-05 3,5239929515E-11| -6,7222222222E-07 1,3286713511E-05
198,0 100,0|S 23° 17' 21,09120774" W 45° 52' 13,08730612" 646,1838575959| 198,0000000000 99,9999953204 2,2771473596E-10| 0,0000000000E+00| -4,6796230890E-06 3,5239929515E-11| 0,0000000000E+00 -4,6796230890E-06
216,0 100,0(S 23° 17' 20,62953847" W 45° 52' 14,06817949" 646,1838575959| 216,0000000000 100,0000127471 2,2760104912E-10| 0,0000000000E+00| 1,2747102119E-05 3,6222335941E-11| 0,0000000000E+00 1,2747102119E-05
234,0 100,0(S 23° 17' 19,91046897" W 45° 52' 14,84660333" 646,1838575959| 234,0000000000 99,9999987314 2,2760104912E-10| 0,0000000000E+00| -1,2686068658E-06 3,5222335941E-11| 0,0000000000E+00 -1,2686068658E-06
252,0 100,0|S 23° 17' 19,00438768" W 45° 52' 15,34637929" 646,1838575959| 252,0000000000 99,9999964810 2,2748736228E-10| 0,0000000000E+00| -3,5189877963E-06 3,5204742367E-11| 0,0000000000E+00 -3,5189877963E-06
270,0 100,0|S 23° 17" 17,9999891" W 45° 52' 15,51858525" 646,1838575969| 270,0000000000 100,0000000719 1,1586962501E-09| 0,0000000000E+00| 7,1902761078E-08 1,7931371024E-10| 0,0000000000E+00 7,1902761078E-08
288,0 100,0|S 23° 17' 16,99559256" W 45° 52' 15,34636542" 646,1838575959| 288,0000000000 99,9999976289 2,2725998861E-10| 0,0000000000E+00| -2,3710854293E-06 3,5169555218E-11| 0,0000000000E+00 -2,3710854293E-06
306,0 100,0(S 23° 17' 16,0895166" W 45° 52' 14,84658089" 646,1838575959| 306,0000000000 100,0000009717 2,2714630177E-10| 0,0000000000E+00| 9,7168958746E-07 3,56151961643E-11| 0,0000000000E+00 9,7168958746E-07
324,0 100,0(S 23° 17" 15,37045418" W 45° 52' 14,06815666" 646,1838575978| 324,0000000000 99,9999969231 2,0896777642E-09| 0,0000000000E+00| -3,0769151635E-06 3,2338749097E-10| 0,0000000000E+00 -3,0769151635E-06
342,0 100,0|S 23° 17' 14,90878973" W 45° 52' 13,08729225" 646,1838575941| 342,0000000000 99,9999989227 -1,6356125343E-09| 0,0000000000E+00| -1,0773092072E-06 -2,5311875484E-10| 0,0000000000E+00 -1,0773092072E-06
0,0 1000,0|S 23° 16' 45,49709782" W 45° 52 12,0" 646,1838575959 0,0000000000 999,9999997799 2,2362200980E-10| 0,0000000000E+00| -2,2013045964E-07 3,4606560837E-11| 0,0000000000E+00 -2,2013045964E-08
18,0 1000,0|S 23° 16' 47,08778812" W 45° 52' 1,12770316" 646,1838575959| 18,0000000000 1000,0000000522 2,2373569664E-10| 0,0000000000E+00| 5,2234099712E-08 3,4624154412E-11| 0,0000000000E+00 5,2234099712E-09
36,0 1000,0|S 23° 16' 51,70419111" W 45° 51' 51,3194453" 646,1838575950| 36,0000000000 1000,0000003780 -7,0701844379E-10| 0,0000000000E+00| 3,7803147279E-07 -1,0941443917E-10| 0,0000000000E+00 3,7803147279E-08
54,0 1000,0|S 23° 16' 58,89451844" W 45° 51' 43,53520401" 646,1838575950| 54,0000000000 1000,0000000055 -7,0622263593E-10| 0,0000000000E+00| 5,5006239563E-09 -1,0929128415E-10| 0,0000000000E+00 5,5006239563E-10
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72,0 1000,0|S 23° 17' 7,95503662" W 45° 51' 38,53697095" 646,1838575959|  72,0000000000 1000,0000000472 2,2623680707E-10| 0,0000000000E+00| 4,7191861086E-08 3,5011213048E-11| 0,0000000000E+00 4,7191861086E-09
90,0 1000,0|S 23° 17" 17,99891016" W 45° 51' 36,81414751" 646,1838575959| 90,0000000000 999 1 2,2737367544E-10| 0,0000000000E+00| -9,4348706625E-10 3,56187148792E-11| 0,0000000000E+00 -9,4348706625E-11
108,0 1000,0|S 23° 17' 28,04298827" W 45° 51' 38,53558006" 646,1838575959| 108,0000000000 1000,0000000425 2,2851054382E-10| 0,0000000000E+00| 4,2546162149E-08 3,5363084536E-11| 0,0000000000E+00 4,2546162149E-09
126,0 1000,0|S 23° 17' 37,10404204" W 45° 51' 43,53295352" 646,1838575950| 126,0000000000 1000,0000000085 -7,0178884926E-10| 0,0000000000E+00| 8,5274223238E-09 -1,0860513475E-10| 0,0000000000E+00 8,5274223238E-10
144,0 1000,0|S 23° 17' 44,29503137" W 45° 51' 51,31719483" 646,1838575969| 144,0000000000 999,9999997896 1,1617657947E-09| 0,0000000000E+00| -2,1041796572E-07 1,7978873675E-10| 0,0000000000E+00 -2,1041796572E-08
162,0 1000,0|S 23° 17' 48,91196993" W 45° 52' 1,1263123" 646,1838575959| 162,0000000000 1000,0000002947 2,3101165425E-10| 0,0000000000E+00| 2,9472539609E-07 3,56750143173E-11| 0,0000000000E+00 2,9472539609E-08
180,0 1000,0|S 23° 17' 50,5028648" W 45° 52" 12,0" 646,1838575969| 179,9999991500 999,9999997828 1,1624479157E-09| -8,5000000000E-07| -2,1718733478E-07 1,7989429820E-10| -4,7222222222E-07 -2,1718733478E-08
198,0 1000,0|S 23° 17' 48,91196993" W 45° 52' 22,8736877" 646,1838575969| 198,0000000000 1000,0000000543 1,1623342289E-09| 0,0000000000E+00| 5,4258634918E-08 1,7987670463E-10| 0,0000000000E+00 5,4258634918E-09
216,0 1000,0|S 23° 17' 44,29503137" W 45° 52' 32,68280517" 646,1838575959| 216,0000000000 999,9999997916 2,3044322006E-10| 0,0000000000E+00| -2,0836341719E-07 3,5662175301E-11| 0,0000000000E+00 -2,0836341719E-08
234,0 1000,0|S 23° 17' 37,10404204" W 45° 52' 40,46704649" 646,1838575959| 234,0000000000 1000,0000001635 2,2953372536E-10| 0,0000000000E+00| 1,6350531951E-07 3,5521426706E-11| 0,0000000000E+00 1,6350531951E-08
252,0 1000,0|S 23° 17' 28,04298827" W 45° 52' 45,46441994" 646,1838575969| 252,0000000000 1000,0000000144 1,1598331184E-09| 0,0000000000E+00| 1,4391844161E-08 1,7948964599E-10| 0,0000000000E+00 1,4391844161E-09
270,0 1000,0|S 23° 17" 17,99891016" W 45° 52' 47,18585249" 646,1838575959| 270,0000000000 999,9999999948 2,2737367544E-10| 0,0000000000E+00| -5,2370978665E-09 3,5187148792E-11| 0,0000000000E+00 -5,2370978665E-10
288,0 1000,0|S 23° 17' 7,95503662" W 45° 52' 45,46302905" 646,1838575959| 288,0000000000 1000,0000000442 2,2623680707E-10| 0,0000000000E+00| 4,4190528570E-08 3,5011213048E-11| 0,0000000000E+00 4,4190528570E-09
306,0 1000,0|S 23° 16' 58,89451844" W 45° 52' 40,46479599" 646,1838575959| 306,0000000000 1000,0000000038 2,2521362553E-10| 0,0000000000E+00| 3,8271537051E-09 3,4852870879E-11| 0,0000000000E+00 3,8271537051E-10
324,0 1000,0|S 23° 16' 51,70419111" W 45° 52' 32,68055469" 646,1838575959| 324,0000000000 999,9999997972 2,2430413082E-10| 0,0000000000E+00| -2,0275547286E-07 3,4712122283E-11| 0,0000000000E+00 -2,0275547286E-08
342,0 1000,0|S 23° 16' 47,08778812" W 45° 52' 22,87229684" 646,1838575950| 342,0000000000 1000,0000000535 -7,0747319114E-10| 0,0000000000E+00| 5,3505573305E-08 -1,0948481347E-10| 0,0000000000E+00 5,3505573305E-09
0,0 10000,0|S 23° 11' 52,96929748" W 45° 52" 12,0" 646,1838575959 0,0000000000 9999,9999978751 1,8940227164E-10| 0,0000000000E+00| -2,1248633857E-06 2,9310894944E-11| 0,0000000000E+00 -2,1248633857E-08
18,0 10000,0(S 23° 12' 8,8670133" W 45° 50" 23,33949793" 646,1838575968| 18,0000000000 10000,0000005835 1,1225438357E-09| 0,0000000000E+00| 5,8355908550E-07 1,7371895359E-10| 0,0000000000E+00 5,8355908550E-09
36,0 10000,0(S 23° 12' 55,00698067" W 45° 48' 45,29556433" 646,1838575950| 36,0000000000 9999,9999979636 -7,3475803219E-10| 0,0000000000E+00| -2,0364441298E-06 -1,1370727132E-10| 0,0000000000E+00 -2,0364441298E-08
54,0 10000,0|S 23° 14' 6,88048421" W 45° 47' 27,45321539" 646,1838575959|  54,0000000000 10000,0000000706 2,0509105525E-10| 0,0000000000E+00| 7,0689566201E-08 3,1738808211E-11]| 0,0000000000E+00 7,0689566201E-10
72,0 10000,0S 23° 15' 37,46154325" W 45° 46' 37,43230405" 646,1838575959| 72,0000000000 10000,0000004299 2,1555024432E-10| 0,0000000000E+00| 4,2996543925E-07 3,3357417055E-11| 0,0000000000E+00 4,2996543925E-09
90,0 10000,0|S 23° 17' 17,89101573" W 45° 46' 20,14152744" 646,1838575959| 90,0000000000 9999,9999999853 2,2737367544E-10| 0,0000000000E+00| -1,4673787518E-08 3,5187148792E-11| 0,0000000000E+00 -1,4673787518E-10
108,0 10000,0(S 23° 18' 58,34094599" W 45° 46' 37,2932155" 646,1838575950| 108,0000000000 10000,0000004059 -6,9212546805E-10| 0,0000000000E+00| 4,0594386519E-07 -1,0710968092E-10| 0,0000000000E+00 4,0594386519E-09
126,0 10000,0|S 23° 20' 28,97556332" W 45° 47' 27,22816682" 646,1838575969| 126,0000000000 10000,0000000255 1,1810925571E-09| 0,0000000000E+00| 2,5509507395E-08 1,8277964440E-10| 0,0000000000E+00 2,5509507395E-10
144,0 10000,0|S 23° 21' 40,91526737" W 45° 48' 45,07051706" 646,1838575960| 144,0000000000 9999,9999978969 2,5829649530E-10| 0,0000000000E+00| -2,1031100914E-06 3,9972601028E-11| 0,0000000000E+00 -2,1031100914E-08
162,0 10000,0S 23° 22' 27,10879138" W 45° 50" 23,20041162" 646,1838575960| 162,0000000000 10000,0000005062 2,6375346351E-10| 0,0000000000E+00| 5,0621201808E-07 4,0817092599E-11[ 0,0000000000E+00 5,0621201808E-09
180,0 10000,0 S 23° 22' 43,02696362" W 45° 52" 12,0" 646,1838575950| 180,0000000000 9999,9999977895 -6,6575012170E-10| 0,0000000000E+00| -2,2104868549E-06 -1,0302797166E-10| 0,0000000000E+00 -2,2104868549E-08
198,0 10000,0(S 23° 22' 27,10879138" W 45° 54' 0,79958838" 646,1838575960| 198,0000000000 10000,0000005012 2,6375346351E-10| 0,0000000000E+00| 5,0123526307E-07 4,0817092599E-11| 0,0000000000E+00 5,0123526307E-09
216,0 10000,0|S 23° 21' 40,91526737" W 45° 55' 38,92948294" 646,1838575960| 216,0000000000 9999,9999978890 2,5829649530E-10| 0,0000000000E+00| -2,1110445232E-06 3,9972601028E-11| 0,0000000000E+00 -2,1110445232E-08
234,0 10000,0S 23° 20' 28,97556332" W 45° 56' 56,77183318" 646,1838575960| 234,0000000000 10000,0000000247 2,4976998247E-10| 0,0000000000E+00| 2,4767359719E-08 3,8653082948E-11| 0,0000000000E+00 2,4767359719E-10
252,0 10000,0S 23° 18' 58,34094599" W 45° 57' 46,7067845" 646,1838575959| 252,0000000000 10000,0000004049 2,3919710657E-10| 0,0000000000E+00| 4,0496524889E-07 3,7016880529E-11| 0,0000000000E+00 4,0496524889E-09
270,0 10000,0|S 23° 17' 17,89101573" W 45° 58' 3,85847256" 646,1838575959| 270,0000000000 9999,9999999825 2,2737367544E-10| 0,0000000000E+00| -1,7520505935E-08 3,5187148792E-11| 0,0000000000E+00 -1,7520505935E-10
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288,0 10000,0|S 23° 15' 37,46154325" W 45° 57' 46,56769595" 646,1838575959| 288,0000000000 10000,0000040503 2,1555024432E-10| 0,0000000000E+00| 4,0503491618E-06 3,3357417055E-11| 0,0000000000E+00 4,0503491618E-08
306,0 10000,0|S 23° 14' 6,88048421" W 45° 56' 56,54678461" 646,1838575941| 306,0000000000 10000,0000000687 -1,6575540940E-09| 0,0000000000E+00| 6,8765075412E-08 -2,5651431469E-10| 0,0000000000E+00 6,8765075412E-10
324,0 10000,0|S 23° 12' 55,00698067" W 45° 55' 38,70443567" 646,1838575950| 324,0000000000 9999,9999979577 -7,3475803219E-10| 0,0000000000E+00| -2,0423121896E-06 -1,1370727132E-10| 0,0000000000E+00 -2,0423121896E-08
342,0 10000,0S 23° 12' 8,8670133" W 45° 54' 0,66050207" 646,1838575959| 342,0000000000 10000,0000005806 1,9122126105E-10| 0,0000000000E+00| 5,8063415054E-07 2,9592392134E-11| 0,0000000000E+00 5,8063415054E-09
0,0 100000,0|S 22° 23' 7,52656761" W 45° 52" 12,0" 646,1838575956 0,0000000000 99999,9999828052 -1,4233592083E-10| 0,0000000000E+00]| -1,7194717657E-05 -2,2027155144E-11] 0,0000000000E+00 -1,7194717657E-08
18,0 100000,0 S 22° 25' 45,60119733" W 45° 34' 11,53254841" 646,1838575947| 18,0000000000 100000,0000092010 -1,0562644093E-09| 0,0000000000E+00| 9,2013069661E-06 -1,6346189971E-10| 0,0000000000E+00 9,2013069661E-09
36,0 100000,0| S 22° 33' 24,62829646" W 45° 17' 54,9236847" 646,1838575947| 36,0000000000 99999,9999828211 -1,0052190191E-09| 0,0000000000E+00| -1,7178870621E-05 -1,56556238481E-10| 0,0000000000E+00 -1,7178870621E-08
54,0 100000,0| S 22° 45' 20,40517966" W 45° 4' 56,56290083" 646,1838575957| 54,0000000000 100000,0000028940 6,5938365879E-12| 0,0000000000E+00| 2,8943904908E-06 1,0204273150E-12| 0,0000000000E+00 2,8943904908E-09
72,0 100000,0(S 23° 0' 23,78438121" W 44° 56' 32,58610755" 646,1838575949| 72,0000000000 100000,0000054680 -8,2172846305E-10| 0,0000000000E+00| 5,4686242947E-06 -1,2716635573E-10| 0,0000000000E+00 5,4686242947E-09
90,0 100000,0{S 23° 17'7,10191341" W 44° 53' 33,4676375" 646,1838575969| 90,0000000000 99999,9999997515 1,1574456948E-09| 0,0000000000E+00| -2,4848850444E-07 1,7912018093E-10| 0,0000000000E+00 -2,4848850444E-10
108,0 100000,0|S 23° 33' 52,46471638" W 44° 56" 18,67856306" 646,1838575961| 108,0000000000 100000,0002905390 3,4481217881E-10| 0,0000000000E+00| 2,9053998878E-04 5,3361311143E-11| 0,0000000000E+00 2,9053998878E-07
126,0 100000,0|S 23° 49' 1,19888471" W 45° 4' 34,05825434" 646,1838575962| 126,0000000000 99999,9999981224 4,5395154302E-10| 0,0000000000E+00| -1,8776045181E-06 7,0251142564E-11]| 0,0000000000E+00 -1,8776045181E-09
144,0 100000,0|S 24° 1' 3,59562618" W 45° 17' 32,41685712" 646,1838575963| 144,0000000000 100000,0000090400 5,4183146858E-10| 0,0000000000E+00| 9,0406101663E-06 8,3850975572E-11| 0,0000000000E+00 9,0406101663E-09
162,0 100000,0(S 24° 8' 47,97890969" W 45° 33' 57,62147591" 646,1838575935| 162,0000000000 100000,0000016240 -2,1950654627E-09| 0,0000000000E+00| 1,6240956029E-06 -3,3969673444E-10| 0,0000000000E+00 1,6240956029E-09
180,0 100000,0|S 24° 11' 28,09956378" W 45° 52" 12,0" 646,1838575945| 180,0000000000 99999,9999913577 -1,2439613783E-09| 0,0000000000E+00] -8,6422805907E-06 -1,9250889104E-10| 0,0000000000E+00 -8,6422805907E-09
198,0 100000,0|S 24° 8' 47,97890969" W 46° 10" 26,37852409" 646,1838575954 | 198,0000000000 100000,0000016210 -3,3242031350E-10| 0,0000000000E+00| 1,6219855752E-06 -5,1443611534E-11| 0,0000000000E+00 1,6219855752E-09
216,0 100000,0|S 24° 1' 3,59562618" W 46° 26' 51,58314288" 646,1838575963| 216,0000000000 100000,0000090410 5,4183146858E-10| 0,0000000000E+00| 9,0419052867E-06 8,3850975572E-11| 0,0000000000E+00 9,0419052867E-09
234,0 100000,0(S 23° 49' 1,19888471" W 46° 39' 49,94174566" 646,1838575943| 234,0000000000 100000,0020196320 -1,4086936062E-09| 0,0000000000E+00| 2,0196322148E-03 -2,1800198034E-10| 0,0000000000E+00 2,0196322148E-06
252,0 100000,0(S 23° 33' 52,46471638" W 46° 48' 5,32143694" 646,1838575961| 252,0000000000 100000,0000029000 3,4481217881E-10| 0,0000000000E+00| 2,9001967050E-06 5,3361311143E-11| 0,0000000000E+00 2,9001967050E-09
270,0 100000,0{S 23° 17'7,10191341" W 46° 50' 50,5323625" 646,1838575969| 270,0000000000 99999,9999997505 1,1574456948E-09| 0,0000000000E+00| -2,4941982701E-07 1,7912018093E-10| 0,0000000000E+00 -2,4941982701E-10
288,0 100000,0|S 23° 0' 23,78438419" W 46° 47' 51,41388274" 646,1838575949| 288,0000000000 99999,9997 140672 -8,2172846305E-10| 0,0000000000E+00| -2,8593279421E-04 -1,2716635573E-10| 0,0000000000E+00 -2,8593279421E-07
306,0 100000,0|S 22° 45' 20,40517966" W 46° 39' 27,43709917" 646,1838575948| 306,0000000000 100000,0000028920 -9,2472873803E-10| 0,0000000000E+00| 2,8927024687E-06 -1,4310613414E-10| 0,0000000000E+00 2,8927024687E-09
324,0 100000,0(S 22° 33' 24,62829646" W 46° 26' 29,0763153" 646,1838575947| 324,0000000000 99999,9999828173 -1,0052190191E-09| 0,0000000000E+00| -1,7182610463E-05 -1,5556238481E-10| 0,0000000000E+00 -1,7182610463E-08
342,0 100000,0|S 22° 25' 45,60119733" W 46° 10' 12,46745159" 646,1838575947| 342,0000000000 100000,0000092000 -1,0562644093E-09| 0,0000000000E+00| 9,2001137091E-06 -1,6346189971E-10| 0,0000000000E+00 9,2001137091E-09
0,0 1000000,0|S 14° 15' 18,41843728" W 45° 52" 12,0" 646,1838575943 0,0000008500| 1000000,0004657000 -1,4312036001E-09| 8,5000000000E-07| 4,6570831910E-04 -2,2148550807E-10| 0,0000000000E+00 4,6570831910E-08
18,0 1000000,0|S 14° 40' 23,62029369" W 43° 0' 41,50255505" 646,1838575943| 18,0000000000| 1000000,0000246600 -1,3652652342E-09| 0,0000000000E+00| 2,4665961973E-05 -2,1128123492E-10| 0,0000000000E+00 2,4665961973E-09
36,0 1000000,0|S 15° 53' 28,03859042" W 40° 23' 43,47934232" 646,1838575946| 36,0000000000 999999,9999793440 -1,1452812032E-09| 0,0000000000E+00| -2,0655104890E-05 -1,7723766847E-10| 0,0000000000E+00 -2,0655104890E-09
54,0 1000000,0S 17° 48' 9,37360067" W 38° 14' 53,3292007" 646,1838575950| 54,0000000000| 1000000,1519111400 -7,1190697781E-10| 0,0000000000E+00| 1,5191114589E-01 -1,1017096287E-10| 0,0000000000E+00 1,5191114589E-05
72,0 1000000,0| S 20° 14' 24,55209097" W 36° 46' 2,2062109" 646,1838575948|  72,0000000000 999999,9999989080 -9,2575191957E-10| 0,0000000000E+00]| -1,0917428881E-06 -1,4326447631E-10| 0,0000000000E+00 -1,0917428881E-10
90,0 1000000,0|S 22° 59' 11,58359636" W 36° 6' 38,6429497" 646,1838575967| 90,0000000000 999999,9999968470 1,0327312339E-09| 0,0000000000E+00| -3,1521776691E-06 1,5982002981E-10| 0,0000000000E+00 -3,1521776691E-10
108,0 1000000,0|S 25° 47" 18,12916625" W 36° 23' 4,47283465" 646,1838575943| 108,0000000000| 1000000,0000004600 -1,4363195078E-09| 0,0000000000E+00| 4,6123750508E-07 -2,2227721892E-10| 0,0000000000E+00 4,6123750508E-11
126,0 1000000,0|S 28° 22' 19,98100782" W 37° 37' 25,43900058" 646,1838575956| 126,0000000000 999999,9999882520 -1,4483703126E-10| 0,0000000000E+00| -1,1747702956E-05 -2,2414213781E-11| 0,0000000000E+00 -1,1747702956E-09

(cont

i nua)
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Tabela 5.12 —

Concl usao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
144,0 1000000,0| S 30° 28' 1,18973156" W 39° 45' 51,99639423" 646,1838575957 | 144,0000000000| 1000000,0000281200 1,5234036255E-11| 0,0000000000E+00| 2,8122216463E-05 2,3575389691E-12| 0,0000000000E+00 2,8122216463E-09
162,0 1000000,0|S 31° 50' 6,80979016" W 42° 37' 5,59291752" 646,1838575946| 162,0000000000| 1000000,0000040600 -1,1360725694E-09| 0,0000000000E+00| 4,0621962398E-06 -1,7581258894E-10| 0,0000000000E+00 4,0621962398E-10
180,0 1000000,0|S 32° 18' 40,50519241" W 45° 52" 12,0" 646,1838575967| 179,9999991500| 1000000,0000125000 9,7065822047E-10| -8,5000000000E-07| 1,2504868209E-05 1,5021393819E-10| -4,7222222222E-07 1,2504868209E-09
198,0 1000000,0(S 31° 50' 6,80979016" W 49° 7' 18,40708248" 646,1838575946| 198,0000000000| 1000000,0000040600 -1,1360725694E-09| 0,0000000000E+00| 4,0607992560E-06 -1,7581258894E-10| 0,0000000000E+00 4,0607992560E-10
216,0 1000000,0| S 30° 28' 1,18973156" W 51° 58' 32,00360577" 646,1838575957 | 216,0000000000| 1000000,0000281100 1,5234036255E-11| 0,0000000000E+00| 2,8119422495E-05 2,3575389691E-12| 0,0000000000E+00 2,8119422495E-09
234,0 1000000,0|S 28° 22' 19,98393955" W 54° 6' 58,56621888" 646,1838575956 | 234,0000000000| 1000000,1683585500 -1,4483703126E-10| 0,0000000000E+00| 1,6835855227E-01 -2,2414213781E-11| 0,0000000000E+00 1,6835855227E-05
252,0 1000000,0|S 25° 47' 18,12916625" W 55° 21' 19,52716535" 646,1838575971| 252,0000000000| 1000000,0000004500 1,3576482161E-09| 0,0000000000E+00| 4,5774504542E-07 2,1010246544E-10| 0,0000000000E+00 4,5774504542E-11
270,0 1000000,0|S 22° 59' 11,58359636" W 55° 37' 45,3570503" 646,1838575967 | 270,0000000000 999999,9999968440 1,0327312339E-09| 0,0000000000E+00| -3,1559029594E-06 1,5982002981E-10| 0,0000000000E+00 -3,1559029594E-10
288,0 1000000,0(S 20° 14' 24,55209097" W 54° 58' 21,7937891" 646,1838575948| 288,0000000000 999999,9999989070 -9,2575191957E-10| 0,0000000000E+00| -1,0930234566E-06 -1,4326447631E-10| 0,0000000000E+00 -1,0930234566E-10
306,0 1000000,0|S 17° 48' 9,37668703" W 53° 29' 30,66677277" 646,1838575950| 306,0000000000| 1000000,0000221300 -7,1190697781E-10| 0,0000000000E+00| 2,2135791369E-05 -1,1017096287E-10| 0,0000000000E+00 2,2135791369E-09
324,0 1000000,0|S 15° 53' 28,03859042" W 51° 20" 40,52065768" 646,1838575974 | 324,0000000000 999999,9999793410 1,6486865206E-09| 0,0000000000E+00| -2,0658248104E-05 2,56514201589E-10| 0,0000000000E+00 -2,0658248104E-09
342,0 1000000,0|S 14° 40' 23,62029369" W 48° 43' 42,49744495" 646,1838575943| 342,0000000000 999999,5817317670 -1,3652652342E-09| 0,0000000000E+00| -4,1826823284E-01 -2,1128123492E-10| 0,0000000000E+00 -4,1826823284E-05
0,0 10000000,0 | N 66° 53' 37,57127403" W 45° 52" 12,0" 646,1838575950 0,0000012100| 10000112,6459930000 -7,1224803833E-10| 1,2100000000E-06| 1,1264599305E+00 -1,1022374359E-10| 0,0000000000E+00 1,1264599305E-05
18,0 10000000,0|N 61° 3' 42,3206353" W 6° 25' 21,68969449" 646,1838575950| 18,0000000000| 10000000,0000802000 -6,8405370257E-10| 0,0000000000E+00| 8,0283731222E-05 -1,0586053714E-10| 0,0000000000E+00 8,0283731222E-10
36,0] 10000000,0|N 48° 10' 45,73857889" E 15° 33' 32,86274833" 646,1838575957| 36,0000000000| 10000000,0000274000 -4,0699887904E-11| 0,0000000000E+00| 2,7399510145E-05 -6,2984996338E-12| 0,0000000000E+00 2,7399510145E-10
54,0 10000000,0 N 32° 49' 9,55142314" E 28° 1'51,40777119" 646,1838575960| 54,0000000000| 10000001,8293493000 2,9706370697E-10| 0,0000000000E+00| 1,8293493669E+00 4,5972009897E-11| 0,0000000000E+00 1,8293493669E-05
72,0 10000000,0 | N 16° 32' 41,65215299" E 36° 41'43,22023149" 646,1838575956| 72,0000000000| 10000000,0000155000 -7,8102857515E-11| 0,0000000000E+00| 1,5569850802E-05 -1,2086785610E-11| 0,0000000000E+00 1,5569850802E-10
90,0 10000000,0|S 0° 3' 39,64399365" E 43° 59' 17,70564591" 646,1838575965| 90,0000000000| 9999999,9999994100 7,7102413343E-10| 0,0000000000E+00| -5,8859586716E-07 1,1931962155E-10| 0,0000000000E+00 -5,8859586716E-12
108,0 10000000,0|S 16° 39' 43,27658653" E 51° 17' 40,37195308" 646,1838575957| 108,0000000000| 9999999,9999752500 -5,2523319027E-11| 0,0000000000E+00| -2,4747103453E-05 -8,1282313710E-12| 0,0000000000E+00 -2,4747103453E-10
126,0| 10000000,0|S 32° 55' 21,37997813" E 59° 59' 51,66772119" 646,1838575951| 126,0000000000| 9999999,9999551200 -5,8219029597E-10| 0,0000000000E+00| -4,4876709580E-05 -9,0096694482E-11] 0,0000000000E+00 -4,4876709580E-10
144,0 10000000,0 S 48° 15' 45,80218181" E 72° 31' 46,96706253" 646,1838575975| 144,0000000000| 9999999,9999563500 1,8076207198E-09| 0,0000000000E+00| -4,3647363782E-05 2,7973783290E-10| 0,0000000000E+00 -4,3647363782E-10
162,0 10000000,0|S 61° 7' 29,52867776" E 94° 35' 19,36664183" 646,1838575959| 162,0000000000| 9999999,9999122000 2,1441337594E-10| 0,0000000000E+00| -8,7795779109E-05 3,3181481311E-11| 0,0000000000E+00 -8,7795779109E-10
180,0 10000000,0|S 66° 56' 50,45723837" E 134°7'48,0" 646,1838575959| 180,0000000000| 9999999,9999577400 1,9645085558E-10| 0,0000000000E+00| -4,2252242565E-05 3,0401696556E-11| 0,0000000000E+00 -4,2252242565E-10
198,0]  10000000,0|S 61° 7' 29,52867776" E 173° 40' 16,63335817" 646,1838575959| 198,0000000000| 9999999,9999122000 2,1441337594E-10| 0,0000000000E+00| -8,7793916464E-05 3,3181481311E-11| 0,0000000000E+00 -8,7793916464E-10
216,0| 10000000,0|S 48° 15' 45,80218181" W 164° 16' 10,96706253" 646,1838575938| 216,0000000000| 9999999,9999563400 -1,9176695787E-09| 0,0000000000E+00] -4,3651089072E-05 -2,9676841291E-10| 0,0000000000E+00 -4,3651089072E-10
234,0 10000000,0S 32° 55' 21,37997813" W 151° 44' 15,66772119" 646,1838575951| 234,0000000000 ,9999551200 -5,8219029597E-10| 0,0000000000E+00| -4,4880434871E-05 -9,0096694482E-11| 0,0000000000E+00 -4,4880434871E-10
252,0 10000000,0|S 16° 39' 43,27658653" W 143° 2' 4,37195308" 646,1838575957 | 252,0000000000| 9999999,9999752500 -5,2523319027E-11| 0,0000000000E+00| -2,4743378162E-05 -8,1282313710E-12| 0,0000000000E+00 -2,4743378162E-10
270,0 10000000,0|S 0° 3' 39,64399365" W 135° 43' 41,70564591" 646,1838575955| 270,0000000000| 10000000,0000004000 -1,6029844119E-10| 0,0000000000E+00| 4,6938657761E-07 -2,4806939898E-11| 0,0000000000E+00 4,6938657761E-12
288,0| 10000000,0|N 16° 32' 41,65215299" W 128° 26' 7,22023149" 646,1838575956| 288,0000000000| 10000000,5191889000 -7,8102857515E-11| 0,0000000000E+00| 5,1918899268E-01 -1,2086785610E-11] 0,0000000000E+00 5,1918899268E-06
306,0 10000000,0 [N 32° 49' 9,55142314" W 119° 46' 15,40777119" 646,1838575951| 306,0000000000| 10000000,0000513000 -6,3425886765E-10| 0,0000000000E+00| 5,1315873861E-05 -9,8154551556E-11| 0,0000000000E+00 5,1315873861E-10
324,0 10000000,0 | N 48° 10' 45,73857889" W 107° 17' 56,86274833" 646,1838575966 | 324,0000000000| 10000000,0000274000 8,9062268671E-10| 0,0000000000E+00| 2,7403235435E-05 1,3782806182E-10| 0,0000000000E+00 2,7403235435E-10
342,0 10000000,0 N 61° 3' 42,3206353" W 85° 19'2,31030551" 646,1838575950| 342,0000000000| 10000000,0000802000 -6,8405370257E-10| 0,0000000000E+00| 8,0289319158E-05 -1,0586053714E-10| 0,0000000000E+00 8,0289319158E-10
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TABELA 5.13 -

RESUL TADCOS

OBTI DOS A PARTI R DA POSI GAO SBSJ, me1000,

n=1000

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
0,0 1,0]S 23° 17" 17,96749712" W 45° 52" 12,0" 646,1838575959 0,0000000000 1,0000000031 2,2737367544E-10| 0,0000000000E+00| 3,0704541132E-09 3,5187148792E-11| 0,0000000000E+00 3,0704541132E-07
18,0 1,08 23° 17" 17,96908791" W 45° 52' 11,98912701" 646,1838575959| 18,0000000400 1,0000000039 2,2737367544E-10| 4,0000000000E-08| 3,8562575355E-09 3,5187148792E-11| 2,2222222222E-07 3,8562575355E-07
36,0 1,0|S 23° 17" 17,97370458" W 45° 52' 11,97931832" 646,1838575969| 36,0000000600 0,9999999984 1,1586962501E-09| 6,0000000000E-08| -1,6452759155E-09 1,7931371024E-10| 1,6666666667E-07 -1,6452759155E-07
54,0 1,0|S 23° 17' 17,98089524" W 45° 52' 11,97153408" 646,1838575959| 54,0000000700 1,0000000017 2,2737367544E-10| 7,0000000000E-08| 1,7125785234E-09 3,5187148792E-11| 1,2962962963E-07 1,7125785234E-07
72,0 1,0]S 23° 17" 17,98995602" W 45° 52' 11,96653628" 646,1838575969|  72,0000000300 1,0000000012 1,1586962501E-09| 3,0000000000E-08| 1,2278178474E-09 1,7931371024E-10| 4,1666666667E-08 1,2278178474E-07
90,0 1,0|S 23° 17" 18,0" W 45° 52' 11,96481415" 646,1838575959| 90,0000000400 1,0000000018 2,2737367544E-10| 4,0000000000E-08| 1,7744519187E-09 3,5187148792E-11| 4,4444444444E-08 1,7744519187E-07
108,0 1,0|S 23° 17' 18,01004398" W 45° 52' 11,96653627" 646,1838575969| 108,0000000300 1,0000000017 1,1586962501E-09| 3,0000000000E-08| 1,6661942936E-09 1,7931371024E-10| 2,7777777778E-08 1,6661942936E-07
126,0 1,0|S 23° 17" 18,01910476" W 45° 52' 11,97153408" 646,1838575959| 125,9999999900 1,0000000013 2,2737367544E-10| -1,0000000000E-08| 1,3296812540E-09 3,5187148792E-11| -7,9365079365E-09 1,3296812540E-07
144,0 1,0|S 23° 17" 18,02629542" W 45° 52' 11,97931832" 646,1838575969| 14 00 0,99 ) 1,1586962501E-09| -2,0000000000E-08| -1,9845174393E-09 1,7931371024E-10| -1,3888888889E-08 -1,9845174393E-07
162,0 1,0]S 23° 17' 18,03091209" W 45° 52' 11,98912701" 646,1838575959| 161,9999999400 1,0000000035 2,2737367544E-10| -6,0000000000E-08| 3,5267362364E-09 3,5187148792E-11| -3,7037037037E-08 3,5267362364E-07
180,0 1,0|S 23° 17' 18,03250288" W 45° 52" 12,0" 646,1838575959| 180,0000000000 0,9999999970 2,2737367544E-10| 0,0000000000E+00| -3,0413502827E-09 3,56187148792E-11| 0,0000000000E+00 -3,0413502827E-07
198,0 1,0|S 23° 17' 18,03091209" W 45° 52' 12,01087299" 646,1838575959| 197,9999999300 0,9999999990 2,2737367544E-10| -7,0000000000E-08| -1,0189182831E-09 3,5187148792E-11| -3,5353535354E-08 -1,0189182831E-07
216,0 1,0|S 23° 17' 18,02629542" W 45° 52' 12,02068168" 646,1838575969| 215,9999998600 0,9999999972 1,1586962501E-09| -1,4000000000E-07| -2,8321665013E-09 1,7931371024E-10| -6,4814814815E-08 -2,8321665013E-07
234,0 1,0]S 23° 17' 18,01910476" W 45° 52' 12,02846592" 646,1838575959| 23 )00 0,99 2,2737367544E-10| -1,0000000000E-07| -6,9212546805E-10 3,5187148792E-11| -4,2735042735E-08 -6,9212546805E-08
252,0 1,0|S 23° 17' 18,01004398" W 45° 52' 12,03346373" 646,1838575969| 251 00 0, 72 1,1586962501E-09| -8,0000000000E-08| -2,8221620596E-09 1,7931371024E-10| -3,1746031746E-08 -2,8221620596E-07
270,0 1,0|S 23° 17" 18,0" W 45° 52' 12,03518585" 646,1838575978| 269, )0 0, 2,0900188247E-09| -4,0000000000E-08| -1,2785643655E-09 3,2344027170E-10| -1,4814814815E-08 -1,2785643655E-07
288,0 1,0|S 23° 17" 17,98995602" W 45° 52' 12,03346372" 646,1838575959| 288,0000000000 0,9999999992 2,2737367544E-10| 0,0000000000E+00| -8,2764017861E-10 3,5187148792E-11| 0,0000000000E+00 -8,2764017861E-08
306,0 1,0]S 23° 17' 17,98089524" W 45° 52' 12,02846592" 646,1838575959| 306,0000000200 1,0000000017 2,2737367544E-10| 2,0000000000E-08| 1,7435013433E-09 3,5187148792E-11| 6,5359477124E-09 1,7435013433E-07
324,0 1,0|S 23° 17' 17,97370458" W 45° 52' 12,02068168" 646,1838575959| 324,0000000700 1,0000000037 2,2737367544E-10| 7,0000000000E-08| 3,7271092879E-09 3,5187148792E-11| 2,1604938272E-08 3,7271092879E-07
342,0 1,0]S 23° 17" 17,96908791" W 45° 52' 12,01087299" 646,1838575959| 342,0000000500 0,9999999992 2,2737367544E-10| 5,0000000000E-08| -7,7022832556E-10 3,5187148792E-11| 1,4619883041E-08 -7,7022832556E-08
0,0 10,0|S 23° 17" 17,67497119" W 45° 52" 12,0" 646,1838575950 0,0000000000 10,0000000012 -7,0406258601E-10| 0,0000000000E+00| 1,2005330063E-09 -1,0895700623E-10| 0,0000000000E+00 1,2005330063E-08
18,0 10,0|S 23° 17' 17,6908791" W 45° 52' 11,89127016" 646,1838575959| 18,0000000100 10,0000000043 2,2737367544E-10| 1,0000000000E-08| 4,3229988478E-09 3,5187148792E-11| 5,5555555556E-08 4,3229988478E-08
36,0 10,0|S 23° 17' 17,73704577" W 45° 52' 11,79318333" 646,1838575941| 36,0000000100 9,9999999995 -1,6352714738E-09| 1,0000000000E-08| -5,4842530517E-10 -2,5306597411E-10| 2,7777777778E-08 -5,4842530517E-09
54,0 10,0]S 23° 17' 17,80895231" W 45° 52' 11,71534091" 646,1838575959|  54,0000000000 10,0000000031 2,2737367544E-10| 0,0000000000E+00| 3,1277522794E-09 3,5187148792E-11| 0,0000000000E+00 3,1277522794E-08
72,0 10,0]S 23° 17' 17,89956014" W 45° 52' 11,66536282" 646,1838575959|  72,0000000100 9,9999999997 2,2737367544E-10| 1,0000000000E-08| -3,4560798667E-10 3,5187148792E-11| 1,3888888889E-08 -3,4560798667E-09
90,0 10,0|S 23° 17" 17,99999989" W 45° 52' 11,64814147" 646,1838575969| 90,0000000000 10,0000000020 1,1586962501E-09| 0,0000000000E+00| 2,0003803058E-09 1,7931371024E-10| 0,0000000000E+00 2,0003803058E-08
108,0 10,0|S 23° 17" 18,10043966" W 45° 52' 11,66536268" 646,1838575969| 108,0000000000 10,0000000000 1,1586962501E-09| 0,0000000000E+00| -2,5465851650E-11 1,7931371024E-10| 0,0000000000E+00 -2,5465851650E-10
126,0 10,0S 23° 17" 18,19104754" W 45° 52' 11,71534068" 646,1838575959| 126,0000000000 10,0000000020 2,2737367544E-10| 0,0000000000E+00| 2,0418156055E-09 3,5187148792E-11| 0,0000000000E+00 2,0418156055E-08
144,0 10,0]S 23° 17" 18,26295415" W 45° 52' 11,7931831" 646,1838575978| 144,0000000000 9,9999999980 2,0900188247E-09| 0,0000000000E+00| -1,9890649128E-09 3,2344027170E-10| 0,0000000000E+00 -1,9890649128E-08
162,0 10,0|S 23° 17' 18,30912087" W 45° 52' 11,89127002" 646,1838575959| 161,9999999900 10,0000000002 2,2737367544E-10| -1,0000000000E-08| 1,9838353182E-10 3,5187148792E-11| -6,1728395062E-09 1,9838353182E-09
180,0 10,0|S 23° 17' 18,3250288" W 45° 52" 12,0" 646,1838575969| 180,0000000000 9,9999999993 1,1586962501E-09| 0,0000000000E+00| -7,1577233030E-10 1,7931371024E-10| 0,0000000000E+00 -7,1577233030E-09
198,0 10,0|S 23° 17" 18,30912087" W 45° 52' 12,10872998" 646,1838575950| 197,9999999900 9,9999999982 -7,0394889917E-10| -1,0000000000E-08| -1,8420109882E-09 -1,0893941266E-10| -5,0505050505E-09 -1,8420109882E-08
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Tabel a 5.13 — Conti nuacéao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
216,0 10,0]S 23° 17" 18,26295415" W 45° 52' 12,2068169" 646,1838575969| 215,9999999900 10,0000000009 1,1586962501E-09| -1,0000000000E-08| 9,1586116469E-10 1,7931371024E-10| -4,6296296296E-09 9,1586116469E-09
234,0 10,0|S 23° 17' 18,19104754" W 45° 52' 12,28465932" 646,1838575959| 233, )0 9, 74 2,2737367544E-10| -1,0000000000E-08| -2,5847839424E-09 3,5187148792E-11| -4,2735042735E-09 -2,5847839424E-08
252,0 10,0|S 23° 17" 18,10043966" W 45° 52' 12,33463732" 646,1838575969| 252,0000000000 9,9999999986 1,1586962501E-09| 0,0000000000E+00| -1,4115357772E-09 1,7931371024E-10| 0,0000000000E+00 -1,4115357772E-08
270,0 10,0|S 23° 17" 17,99999989" W 45° 52' 12,35185853" 646,1838575969| 270,0000000000 9,9999999977 1,1586962501E-09| 0,0000000000E+00| -2,2831816437E-09 1,7931371024E-10| 0,0000000000E+00 -2,2831816437E-08
288,0 10,0]S 23° 17' 17,89956014" W 45° 52' 12,33463718" 646,1838575959| 288,0000000000 10,0000000006 2,2737367544E-10| 0,0000000000E+00| 5,7752913563E-10 3,5187148792E-11| 0,0000000000E+00 5,7752913563E-09
306,0 10,0|S 23° 17" 17,80895231" W 45° 52' 12,28465909" 646,1838575950| 306,0000000000 9,9999999981 -7,0394889917E-10| 0,0000000000E+00| -1,9044819055E-09 -1,0893941266E-10| 0,0000000000E+00 -1,9044819055E-08
324,0 10,0|S 23° 17" 17,73704577" W 45° 52' 12,20681667" 646,1838575941| 324,0000000000 9,9999999969 -1,6352714738E-09| 0,0000000000E+00| -3,1177478377E-09 -2,5306597411E-10| 0,0000000000E+00 -3,1177478377E-08
342,0 10,0|S 23° 17' 17,6908791" W 45° 52' 12,10872984" 646,1838575959| 342,0000000100 10,0000000031 2,2725998861E-10| 1,0000000000E-08| 3,0906335269E-09 3,5169555218E-11| 2,9239766082E-09 3,0906335269E-08
0,0 100,0|S 23° 17" 14,74971177" W 45° 52' 12,0" 646,1838575950 0,0000000000 99,9999999999 -7,0428995969E-10| 0,0000000000E+00| -9,9134922493E-11 -1,0899219338E-10| 0,0000000000E+00 -9,9134922493E-11
18,0 100,0|S 23° 17' 14,90878996" W 45° 52' 10,91270783" 646,1838575959|  18,0000000000 100,0000000028 2,2703261493E-10| 0,0000000000E+00| 2,8138629204E-09 3,5134368069E-11| 0,0000000000E+00 2,8138629204E-09
36,0 100,0(S 23° 17" 15,37045424" W 45° 52'9,93184339" 646,1838575959| 36,0000000000 100,0000000013 2,2703261493E-10| 0,0000000000E+00| 1,2541931937E-09 3,5134368069E-11| 0,0000000000E+00 1,2541931937E-09
54,0 100,0(S 23° 17" 16,08951665" W 45° 52'9,15341919" 646,1838575969| 54,0000000000 99,9999999993 1,1584688764E-09| 0,0000000000E+00| -6,8121153163E-10 1,7927852310E-10| 0,0000000000E+00 -6,8121153163E-10
72,0 100,0(S 23° 17" 16,99559253" W 45° 52' 8,65363447" 646,1838575950| 72,0000000000 100,0000000020 -7,0406258601E-10| 0,0000000000E+00| 2,0299921744E-09 -1,0895700623E-10| 0,0000000000E+00 2,0299921744E-09
90,0 100,0|S 23° 17' 17,9999891" W 45° 52' 8,48141467" 646,1838575969| 90,0000000000 100,0000000033 1,1586962501E-09| 0,0000000000E+00| 3,2872264910E-09 1,7931371024E-10| 0,0000000000E+00 3,2872264910E-09
108,0 100,0|S 23° 17' 19,00438772" W 45° 52' 8,65362056" 646,1838575959| 108,0000000000 100,0000000018 2,2748736228E-10| 0,0000000000E+00| 1,7917045625E-09 3,5204742367E-11]| 0,0000000000E+00 1,7917045625E-09
126,0 100,0(S 23° 17' 19,91046896" W 45° 52' 9,15339668" 646,1838575959| 126,0000000000 100,0000000024 2,2760104912E-10| 0,0000000000E+00| 2,4092514650E-09 3,6222335941E-11| 0,0000000000E+00 2,4092514650E-09
144,0 100,0(S 23° 17' 20,62953799" W 45° 52' 9,93182089" 646,1838575950| 144,0000000000 99,9999999948 -7,0372152550E-10| 0,0000000000E+00| -5,2132236306E-09 -1,0890422551E-10| 0,0000000000E+00 -5,2132236306E-09
162,0 100,0|S 23° 17' 21,09120762" W 45° 52' 10,91269392" 646,1838575950| 162,0000000000 99,9999999978 -7,0360783866E-10| 0,0000000000E+00| -2,2050699044E-09 -1,0888663194E-10| 0,0000000000E+00 -2,2050699044E-09
180,0 100,0|S 23° 17' 21,25028785" W 45° 52' 12,0" 646,1838575959| 180,0000000000 100,0000000044 2,2771473596E-10| 0,0000000000E+00| 4,3719410314E-09 3,5239929515E-11| 0,0000000000E+00 4,3719410314E-09
198,0 100,0|S 23° 17' 21,09120762" W 45° 52' 13,08730608" 646,1838575959| 198,0000000000 99,9999999999 2,2771473596E-10| 0,0000000000E+00| -1,2437340047E-10 3,5239929515E-11| 0,0000000000E+00 -1,2437340047E-10
216,0 100,0(S 23° 17' 20,62953799" W 45° 52' 14,06817911" 646,1838575950| 216,0000000000 99,9999999898 -7,0372152550E-10| 0,0000000000E+00| -1,0163603292E-08 -1,0890422551E-10| 0,0000000000E+00 -1,0163603292E-08
234,0 100,0(S 23° 17' 19,91046896" W 45° 52' 14,84660332" 646,1838575978| 234,0000000000 99,9999999974 2,0902461983E-09| 0,0000000000E+00| -2,6238922146E-09 3,2347545885E-10| 0,0000000000E+00 -2,6238922146E-09
252,0 100,0|S 23° 17' 19,00438772" W 45° 52' 15,34637944" 646,1838575959| 252,0000000000 99,9999999987 2,2748736228E-10| 0,0000000000E+00| -1,2541931937E-09 3,5204742367E-11| 0,0000000000E+00 -1,2541931937E-09
270,0 100,0|S 23° 17" 17,9999891" W 45° 52' 15,51858533" 646,1838575978| 270,0000000000 99,9999999965 2,0900188247E-09| 0,0000000000E+00| -3,4610820876E-09 3,2344027170E-10| 0,0000000000E+00 -3,4610820876E-09
288,0 100,0|S 23° 17' 16,99559253" W 45° 52' 15,34636553" 646,1838575950| 288,0000000000 99,9999999985 -7,0406258601E-10| 0,0000000000E+00] -1,5343175619E-09 -1,0895700623E-10| 0,0000000000E+00 -1,6343175619E-09
306,0 100,0(S 23° 17' 16,08951665" W 45° 52' 14,84658081" 646,1838575941| 306,0000000000 99,9999999997 -1,6354988475E-09| 0,0000000000E+00| -3,3378455555E-10 -2,5310116126E-10| 0,0000000000E+00 -3,3378455555E-10
324,0 100,0(S 23° 17" 15,37045424" W 45° 52' 14,06815661" 646,1838575959| 324,0000000000 100,0000000024 2,2703261493E-10| 0,0000000000E+00| 2,4301698431E-09 3,5134368069E-11| 0,0000000000E+00 2,4301698431E-09
342,0 100,0|S 23° 17' 14,90878996" W 45° 52' 13,08729217" 646,1838575959| 342,0000000000 100,0000000003 2,2703261493E-10| 0,0000000000E+00| 3,4901859181E-10 3,5134368069E-11| 0,0000000000E+00 3,4901859181E-10
0,0 1000,0|S 23° 16' 45,4971009" W 45° 52" 12,0" 646,1838575959 0,0000000000 1000,0000000037 2,2362200980E-10| 0,0000000000E+00| 3,7298377720E-09 3,4606560837E-11| 0,0000000000E+00 3,7298377720E-10
18,0 1000,0|S 23° 16' 47,08779073" W 45° 52' 1,12770408" 646,1838575959| 18,0000000000 1000,0000000017 2,2384938347E-10| 0,0000000000E+00| 1,6960939320E-09 3,4641747986E-11| 0,0000000000E+00 1,6960939320E-10
36,0 1000,0|S 23° 16' 51,70419256" W 45° 51' 51,31944644" 646,1838575941| 36,0000000000 1000,0000002948 -1,6383410184E-09| 0,0000000000E+00| 2,9484635888E-07 -2,5354100062E-10| 0,0000000000E+00 2,9484635888E-08
54,0 1000,0|S 23° 16' 58,89451878" W 45° 51' 43,53520451" 646,1838575959| 54,0000000000 999,9999998461 2,2521362553E-10| 0,0000000000E+00| -1,5389196051E-07 3,4852870879E-11| 0,0000000000E+00 -1,5389196051E-08
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Tabel a 5.13 — Conti nuacéao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
72,0 1000,0|S 23° 17' 7,95503652" W 45° 51' 38,5369706" 646,1838575959|  72,0000000000 999,9999999998 2,2623680707E-10| 0,0000000000E+00| -1,9281287678E-10 3,5011213048E-11| 0,0000000000E+00 -1,9281287678E-11
90,0 1000,0|S 23° 17" 17,99891016" W 45° 51' 36,81414676" 646,1838575959| 90,0000000000 1000,0000000018 2,2737367544E-10| 0,0000000000E+00| 1,8189894035E-09 3,56187148792E-11| 0,0000000000E+00 1,8189894035E-10
108,0 1000,0|S 23° 17' 28,04298837" W 45° 51' 38,53557971" 646,1838575959| 108,0000000000 999,9999999987 2,2851054382E-10| 0,0000000000E+00| -1,2551026884E-09 3,5363084536E-11| 0,0000000000E+00 -1,2551026884E-10
126,0 1000,0|S 23° 17' 37,1040417" W 45° 51' 43,53295403" 646,1838575959| 126,0000000000 999,9999999990 2,2964741220E-10| 0,0000000000E+00| -1,0468284017E-09 3,5539020280E-11| 0,0000000000E+00 -1,0468284017E-10
144,0 1000,0|S 23° 17' 44,29502992" W 45° 51' 51,31719598" 646,1838575959| 144,0000000000 999,9999999984 2,3044322006E-10| 0,0000000000E+00| -1,5970726963E-09 3,5662175301E-11| 0,0000000000E+00 -1,6970726963E-10
162,0 1000,0|S 23° 17' 48,91196732" W 45° 52' 1,12631322" 646,1838575959| 162,0000000000 1000,0000000041 2,3101165425E-10| 0,0000000000E+00| 4,0663508116E-09 3,6750143173E-11| 0,0000000000E+00 4,0663508116E-10
180,0 1000,0|S 23° 17' 50,50286171" W 45° 52" 12,0" 646,1838575950| 180,0000000000 999 -7,0019723353E-10| 0,0000000000E+00| -7,0667738328E-10 -1,0835882471E-10| 0,0000000000E+00 -7,0667738328E-11
198,0 1000,0|S 23° 17' 48,91196732" W 45° 52' 22,87368678" 646,1838575978| 198,0000000000 1000,0000000025 2,0936568035E-09| 0,0000000000E+00| 2,4518840291E-09 3,2400326608E-10| 0,0000000000E+00 2,4518840291E-10
216,0 1000,0|S 23° 17' 44,29502992" W 45° 52' 32,68280402" 646,1838575969| 216,0000000000 1000,0000002886 1,1617657947E-09| 0,0000000000E+00| 2,8855811252E-07 1,7978873675E-10| 0,0000000000E+00 2,8855811252E-08
234,0 1000,0|S 23° 17' 37,1040417" W 45° 52' 40,46704598" 646,1838575959| 234,0000000000 1000,0000001579 2,2953372536E-10| 0,0000000000E+00| 1,5785099095E-07 3,5521426706E-11| 0,0000000000E+00 1,6785099095E-08
252,0 1000,0|S 23° 17' 28,04298837" W 45° 52' 45,46442029" 646,1838575969| 252,0000000000 999 706 1,1598331184E-09| 0,0000000000E+00| -2,9442617233E-08 1,7948964599E-10| 0,0000000000E+00 -2,9442617233E-09
270,0 1000,0|S 23° 17" 17,99891016" W 45° 52' 47,18585324" 646,1838575959| 270,0000000000 999,9999999944 2,2737367544E-10| 0,0000000000E+00| -5,5922555475E-09 3,5187148792E-11| 0,0000000000E+00 -5,5922555475E-10
288,0 1000,0|S 23° 17' 7,95503652" W 45° 52' 45,4630294" 646,1838575959| 288,0000000000 999,9999999962 2,2623680707E-10| 0,0000000000E+00| -3,7589416024E-09 3,5011213048E-11| 0,0000000000E+00 -3,7589416024E-10
306,0 1000,0|S 23° 16' 58,89451878" W 45° 52' 40,46479549" 646,1838575959| 306,0000000000 1000,0000000015 2,2521362553E-10| 0,0000000000E+00| 1,4579200069E-09 3,4852870879E-11| 0,0000000000E+00 1,4579200069E-10
324,0 1000,0|S 23° 16' 51,70419257" W 45° 52' 32,68055355" 646,1838575969| 324,0000000000 1000,0000000061 1,1556267054E-09| 0,0000000000E+00| 6,1054379330E-09 1,7883868374E-10| 0,0000000000E+00 6,1054379330E-10
342,0 1000,0|S 23° 16' 47,08779073" W 45° 52' 22,87229592" 646,1838575978| 342,0000000000 999 7 2,0863808459E-09| 0,0000000000E+00| -3,0081537261E-10 3,2287727732E-10| 0,0000000000E+00 -3,0081537261E-11
0,0 10000,0|S 23° 11' 52,96932829" W 45° 52" 12,0" 646,1838575959 0,0000008500 9999,9999999962 1,8940227164E-10| 8,5000000000E-07| -3,8071448216E-09 2,9310894944E-11| 0,0000000000E+00 -3,8071448216E-11
18,0 10000,0(S 23° 12' 8,86703943" W 45° 50' 23,33950711" 646,1838575959| 18,0000000000 10000,0000000040 1,9122126105E-10| 0,0000000000E+00| 4,0618033381E-09 2,9592392134E-11| 0,0000000000E+00 4,0618033381E-11
36,0 10000,0(S 23° 12' 55,00699522" W 45° 48' 45,29557576" 646,1838575959| 36,0000000000 10000,0000000025 1,9667822926E-10| 0,0000000000E+00| 2,5174813345E-09 3,0436883705E-11| 0,0000000000E+00 2,5174813345E-11
54,0 10000,0|S 23° 14' 6,88048786" W 45° 47' 27,45322081" 646,1838575968| 54,0000000000 10000,0000000056 1,1364136299E-09| 0,0000000000E+00| 5,6825228967E-09 1,7586536966E-10| 0,0000000000E+00 5,6825228967E-11
72,0 10000,0|S 23° 15' 37,4615422" W 45° 46' 37,43230055" 646,1838575950| 72,0000000000 10000,0000020597 -7,1577233030E-10| 0,0000000000E+00| 2,0597035473E-06 -1,1076914440E-10| 0,0000000000E+00 2,0597035473E-08
90,0 10000,0|S 23° 17' 17,89101572" W 45° 46' 20,14151999" 646,1838575950| 90,0000000000 10000,0000000031 -7,0394889917E-10| 0,0000000000E+00| 3,1159288483E-09 -1,0893941266E-10| 0,0000000000E+00 3,1159288483E-11
108,0 10000,0(S 23° 18' 58,34094704" W 45° 46' 37,293212" 646,1838575959| 108,0000000000 10000,0000000032 2,3919710657E-10| 0,0000000000E+00| 3,2450770959E-09 3,7016880529E-11| 0,0000000000E+00 3,2450770959E-11
126,0 10000,0|S 23° 20' 28,97555991" W 45° 47' 27,22817191" 646,1838575960| 126,0000000000 9999,9999999994 2,4976998247E-10| 0,0000000000E+00| -5,5479176808E-10 3,8653082948E-11| 0,0000000000E+00 -5,56479176808E-12
144,0 10000,0|S 23° 21' 40,91525316" W 45° 48' 45,07052825" 646,1838575960| 144,0000000000 10000,0000000035 2,5829649530E-10| 0,0000000000E+00| 3,5288394429E-09 3,9972601028E-11| 0,0000000000E+00 3,5288394429E-11
162,0 10000,0S 23° 22' 27,10876526" W 45° 50" 23,20042082" 646,1838575960| 162,0000000000 10000,0000000011 2,6375346351E-10| 0,0000000000E+00| 1,1150405044E-09 4,0817092599E-11[ 0,0000000000E+00 1,1150405044E-11
180,0 10000,0S 23° 22' 43,02693281" W 45° 52" 12,0" 646,1838575950| 180,0000000000 10000,0000000002 -6,6575012170E-10| 0,0000000000E+00| 2,0372681320E-10 -1,0302797166E-10| 0,0000000000E+00 2,0372681320E-12
198,0 10000,0(S 23° 22' 27,10876526" W 45° 54' 0,79957918" 646,1838575960| 198,0000000000 9999,9999999995 2,6375346351E-10| 0,0000000000E+00| -5,4205884226E-10 4,0817092599E-11| 0,0000000000E+00 -5,4205884226E-12
216,0 10000,0|S 23° 21' 40,91525316" W 45° 55' 38,92947175" 646,1838575978| 216,0000000000 10000,0000000013 2,1209416445E-09| 0,0000000000E+00| 1,3915268937E-09 3,2822572393E-10| 0,0000000000E+00 1,3915268937E-11
234,0 10000,0S 23° 20' 28,97555991" W 45° 56' 56,77182809" 646,1838575969| 234,0000000000 9999,9999999970 1,1810925571E-09| 0,0000000000E+00| -2,9758666642E-09 1,8277964440E-10| 0,0000000000E+00 -2,9758666642E-11
252,0 10000,0|S 23° 18' 58,34094704" W 45° 57' 46,706788" 646,1838575959| 252,0000000000 9999,9999999995 2,3919710657E-10| 0,0000000000E+00| -4,8748916015E-10 3,7016880529E-11| 0,0000000000E+00 -4,8748916015E-12
270,0 10000,0|S 23° 17' 17,89101572" W 45° 58' 3,85848001" 646,1838575950| 270,0000000000 9999,9999999981 -7,0394889917E-10| 0,0000000000E+00| -1,9354047254E-09 -1,0893941266E-10| 0,0000000000E+00 -1,9354047254E-11
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Tabel a 5.13 — Conti nuacéao

Deslocamento Posicdo Geodésica Encontrada Resultados do Problema Inverso Erros em Valores Reais Erros em Valores Percentuais
Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
288,0 10000,0|S 23° 15' 37,4615422" W 45° 57' 46,56769945" 646,1838575969| 288,0000000000 10000,0000000007 1,1469865058E-09| 0,0000000000E+00| 7,3850969784E-10 1,7750157208E-10| 0,0000000000E+00 7,3850969784E-12
306,0 10000,0|S 23° 14' 6,88048786" W 45° 56' 56,54677919" 646,1838575968 | 306,0000000000 10000,0000000021 1,1364136299E-09| 0,0000000000E+00| 2,1354935598E-09 1,7586536966E-10| 0,0000000000E+00 2,1354935598E-11
324,0 10000,0|S 23° 12' 55,00699522" W 45° 55' 38,70442424" 646,1838575959| 324,0000000000 9999,9999999979 1,9667822926E-10| 0,0000000000E+00| -2,1336745704E-09 3,0436883705E-11| 0,0000000000E+00 -2,1336745704E-11
342,0 10000,0(S 23° 12' 8,86703943" W 45° 54' 0,66049289" 646,1838575968| 342,0000000000 9999,9999999995 1,1225438357E-09| 0,0000000000E+00| -4,8930814955E-10 1,7371895359E-10| 0,0000000000E+00 -4,8930814955E-12
0,0 100000,0S 22° 23' 7,52687865" W 45° 52" 12,0" 646,1838575965 0,0000000000 100000,0000000050 7,8898665379E-10| 0,0000000000E+00| 5,3114490584E-09 1,2209940631E-10| 0,0000000000E+00 5,3114490584E-12
18,0 100000,0| S 22° 25' 45,60145979" W 45° 34' 11,53263951" 646,1838575956| 18,0000000000 100000,0000000010 -1,2482814782E-10| 0,0000000000E+00| 1,8044374883E-09 -1,9317744687E-11| 0,0000000000E+00 1,8044374883E-12
36,0 100000,0| S 22° 33' 24,62844276" W 45° 17' 54,92379821" 646,1838575956| 36,0000000000 100000,0000000050 -7,3896444519E-11| 0,0000000000E+00| 5,5297277868E-09 -1,1435823357E-11| 0,0000000000E+00 5,5297277868E-12
54,0 100000,0| S 22° 45' 20,40521747" W 45° 4' 56,56295632" 646,1838575957| 54,0000000000 100000,0000000080 6,5938365879E-12| 0,0000000000E+00| 8,1345206127E-09 1,0204273150E-12| 0,0000000000E+00 8,1345206127E-12
72,0 100000,0(S 23° 0' 23,78437136" W 44° 56' 32,58607551" 646,1838575967| 72,0000000000 100000,0000000010 1,0409166862E-09| 0,0000000000E+00| 1,4551915228E-09 1,6108676717E-10| 0,0000000000E+00 1,4551915228E-12
90,0 100000,0{S 23° 17' 7,10191295" W 44° 53' 33,46756301" 646,1838575959| 90,0000000000 100000,0000000060 2,2600943339E-10| 0,0000000000E+00| 6,9558154792E-09 3,4976025899E-11| 0,0000000000E+00 6,9558154792E-12
108,0 100000,0|S 23° 33' 52,46472681" W 44° 56' 18,67852743" 646,1838575961| 108,0000000000 100000,0002876630 3,4481217881E-10| 0,0000000000E+00| 2,8766354080E-04 5,3361311143E-11| 0,0000000000E+00 2,8766354080E-07
126,0 100000,0|S 23° 49' 1,19885102" W 45° 4' 34,05830533" 646,1838575952| 126,0000000000 99999,9999999988 -4,7737103159E-10| 0,0000000000E+00| -1,1204974726E-09 -7,3875418889E-11| 0,0000000000E+00 -1,1204974726E-12
144,0 100000,0|S 24° 1' 3,59548669" W 45° 17' 32,41696838" 646,1838575963| 144,0000000000 100000,0000000030 5,4183146858E-10| 0,0000000000E+00| 3,5943230614E-09 8,3850975572E-11| 0,0000000000E+00 3,5943230614E-12
162,0 100000,0(S 24° 8' 47,9786571" W 45° 33' 57,62156599" 646,1838575963| 162,0000000000 100000,0000000080 5,9890226112E-10| 0,0000000000E+00| 8,3236955106E-09 9,2682949919E-11| 0,0000000000E+00 8,3236955106E-12
180,0 100000,0|S 24° 11' 28,09926277" W 45° 52" 12,0" 646,1838575954| 180,0000000000 100000,0000008990 -3,1275249057E-10| 0,0000000000E+00| 8,9957029559E-07 -4,8399923164E-11] 0,0000000000E+00 8,9957029559E-10
198,0 100000,0|S 24° 8' 47,9786571" W 46° 10" 26,37843401" 646,1838575935| 198,0000000000 100000,0000000020 -2,1950654627E-09| 0,0000000000E+00| 2,6193447411E-09 -3,3969673444E-10| 0,0000000000E+00 2,6193447411E-12
216,0 100000,0|S 24° 1' 3,59548669" W 46° 26' 51,58303162" 646,1838575944 | 216,0000000000 100000,0000000060 -1,3208136806E-09| 0,0000000000E+00| 6,5920175985E-09 -2,0440214733E-10| 0,0000000000E+00 6,5920175985E-12
234,0 100000,0(S 23° 49' 1,19885102" W 46° 39' 49,94169467" 646,1838575952| 234,0000000000 99999,9999999967 -4,7737103159E-10| 0,0000000000E+00| -3,2887328416E-09 -7,3875418889E-11| 0,0000000000E+00 -3,2887328416E-12
252,0 100000,0(S 23° 33' 52,46472681" W 46° 48' 5,32147257" 646,1838575961| 252,0000000000 100000,0000000010 3,4481217881E-10| 0,0000000000E+00| 1,6443664208E-09 5,3361311143E-11| 0,0000000000E+00 1,6443664208E-12
270,0 100000,0{S 23° 17'7,10191295" W 46° 50' 50,53243699" 646,1838575959| 270,0000000000 100000,0000000010 2,2600943339E-10| 0,0000000000E+00| 1,9208528101E-09 3,4976025899E-11| 0,0000000000E+00 1,9208528101E-12
288,0 100000,0|S 23° 0' 23,78437434" W 46° 47' 51,4139148" 646,1838575940| 288,0000000000 99999,9997090057 -1,7530510377E-09| 0,0000000000E+00| -2,9099421226E-04 -2,7129291719E-10| 0,0000000000E+00 -2,9099421226E-07
306,0 100000,0| S 22° 45' 20,40521747" W 46° 39' 27,43704368" 646,1838575957 | 306,0000000000 100000,0000000030 6,5938365879E-12| 0,0000000000E+00| 3,3469405025E-09 1,0204273150E-12| 0,0000000000E+00 3,3469405025E-12
324,0 100000,0(S 22° 33' 24,62844276" W 46° 26' 29,07620179" 646,1838575966 | 324,0000000000 100000,0000000020 8,5742613010E-10| 0,0000000000E+00| 2,0809238777E-09 1,3269073810E-10| 0,0000000000E+00 2,0809238777E-12
342,0 100000,0|S 22° 25' 45,60145979" W 46° 10' 12,46736049" 646,1838575947| 342,0000000000 100000,0000000010 -1,0561507224E-09| 0,0000000000E+00| 1,8044374883E-09 -1,6344430614E-10| 0,0000000000E+00 1,8044374883E-12
0,0 1000000,0|S 14° 15' 18,42196198" W 45° 52" 12,0" 646,1838575943 0,0000008500| 1000000,0004726400 -1,4312036001E-09| 8,5000000000E-07| 4,7264609020E-04 -2,2148550807E-10| 0,0000000000E+00 4,7264609020E-08
18,0 1000000,0|S 14° 40' 23,62330227" W 43° 0'41,50350422" 646,1838575934| 18,0000000000 999999 660 -2,2965878088E-09| 0,0000000000E+00| -3,3527612686E-08 -3,56540779638E-10| 0,0000000000E+00 -3,3527612686E-12
36,0 1000000,0|S 15° 53' 28,04036771" W 40° 23' 43,48058899" 646,1838575964| 36,0000000000| 1000000,0781645500 7,1736394602E-10| 0,0000000000E+00| 7,8164551524E-02 1,1101545444E-10| 0,0000000000E+00 7,8164551524E-06
54,0 1000000,0S 17° 48' 9,37415899" W 38° 14' 53,3299291" 646,1838575959| 54,0000000000| 1000000,1519196400 2,1941559680E-10| 0,0000000000E+00| 1,5191964002E-01 3,3955598584E-11| 0,0000000000E+00 1,5191964002E-05
72,0 1000000,0| S 20° 14' 24,55202902" W 36° 46' 2,20604308" 646,1838575966| 72,0000000000 999999,9999999890 9,3689322966E-10| 0,0000000000E+00| -1,0826624930E-08 1,4498864660E-10| 0,0000000000E+00 -1,0826624930E-12
90,0 1000000,0|S 22° 59' 11,58355124" W 36° 6' 38,64221991" 646,1838575958| 90,0000000000 999999,9999999700 1,0129497241E-10| 0,0000000000E+00| -2,9685907066E-08 1,5675874787E-11| 0,0000000000E+00 -2,9685907066E-12
108,0 1000000,0|S 25° 47" 18,12928274" W 36° 23'4,47232143" 646,1838575952| 108,0000000000 999999 0 -5,0499693316E-10| 0,0000000000E+00| -1,7462298274E-08 -7,8150657467E-11| 0,0000000000E+00 -1,7462298274E-12
126,0 1000000,0|S 28° 22' 19,98084563" W 37° 37' 25,43928934" 646,1838575956| 126,0000000000 999999,9999999960 -1,4483703126E-10| 0,0000000000E+00| -3,9581209421E-09 -2,2414213781E-11| 0,0000000000E+00 -3,9581209421E-13
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Tabel a 5. 13 — Concl usao

Deslocamento

Posicdo Geodésica Encontrada

Resultados do Problema Inverso

Erros em Valores Reais

Erros em Valores Percentuais

Azimute Distancia | Latitude Longitude Altitude Azimute Distancia Altitude Azimute Distancia Altitude Azimute Distancia
[°1 [m] [m] [°1 [m] [m] [°1 [m] [%] [%] [%]
144,0 1000000,0| S 30° 28' 1,18869374" W 39° 45' 51,99735589" 646,1838575957 | 144,0000000000 999999,9999999850 1,5234036255E-11| 0,0000000000E+00| -1,4319084585E-08 2,3575389691E-12| 0,0000000000E+00 -1,4319084585E-12
162,0 1000000,0|S 31° 50' 6,80773646" W 42° 37' 5,59376946" 646,1838575964 | 162,0000000000 999999,9801254390 7,2657257988E-10| 0,0000000000E+00| -1,9874560647E-02 1,1244053397E-10| 0,0000000000E+00 -1,9874560647E-06
180,0 1000000,0|S 32° 18' 40,50268684" W 45° 52" 12,0" 646,1838575939| 180,0000000000 999999,9999999990 -1,8233095034E-09| 0,0000000000E+00| -1,1641532183E-10 -2,8216574616E-10| 0,0000000000E+00 -1,1641532183E-14
198,0 1000000,0(S 31° 50' 6,80773646" W 49° 7' 18,40623054" 646,1838575946| 198,0000000000 999999,9999999700 -1,1361862562E-09| 0,0000000000E+00| -2,9569491744E-08 -1,7583018251E-10| 0,0000000000E+00 -2,9569491744E-12
216,0 1000000,0| S 30° 28' 1,18869374" W 51° 58' 32,00264411" 646,1838575957 | 216,0000000000 999999,9999999810 1,5234036255E-11| 0,0000000000E+00| -1,8510036170E-08 2,3575389691E-12| 0,0000000000E+00 -1,8510036170E-12
234,0 1000000,0|S 28° 22' 19,98377754" W 54° 6' 58,56593044" 646,1838575946 234,0000000000| 1000000,1683805200 -1,0761596059E-09| 0,0000000000E+00| 1,6838052915E-01 -1,6654077523E-10| 0,0000000000E+00 1,6838052915E-05
252,0 1000000,0|S 25° 47" 18,12928274" W 55° 21' 19,52767857" 646,1838575952| 252,0000000000 999999 10 -5,0499693316E-10| 0,0000000000E+00| -1,8626451492E-08 -7,8150657467E-11| 0,0000000000E+00 -1,8626451492E-12
270,0 1000000,0|S 22° 59' 11,58355124" W 55° 37' 45,35778009" 646,1838575967 | 270,0000000000 999999,9999999640 1,0327312339E-09| 0,0000000000E+00| -3,5273842514E-08 1,5982002981E-10| 0,0000000000E+00 -3,5273842514E-12
288,0 1000000,0(S 20° 14' 24,55202902" W 54° 58' 21,79395692" 646,1838575957 | 288,0000000000 999999,9999999910 5,5706550484E-12| 0,0000000000E+00| -8,6147338152E-09 8,6208514541E-13| 0,0000000000E+00 -8,6147338152E-13
306,0 1000000,0|S 17° 48' 9,37724597" W 53° 29' 30,66604357" 646,1838575959| 306,0000000000 999999,9999999790 2,1941559680E-10| 0,0000000000E+00| -2,0954757929E-08 3,3955598584E-11| 0,0000000000E+00 -2,0954757929E-12
324,0 1000000,0|S 15° 53' 28,04036771" W 51° 20" 40,51941101" 646,1838575936| 324,0000000000 999999 )0 -2,0766037778E-09| 0,0000000000E+00| -9,3132257462E-09 -3,2136422992E-10| 0,0000000000E+00 -9,3132257462E-13
342,0 1000000,0|S 14° 40' 23,62330227" W 48° 43' 42,49649578" 646,1838575962| 342,0000000000 999999,1561425490 4,9737991503E-10| 0,0000000000E+00| -8,4385745018E-01 7,6971887983E-11| 0,0000000000E+00 -8,4385745018E-05
0,0 10000000,0 | N 66° 53' 37,55092456" W 45° 52" 12,0" 646,1838575950 0,0000012100| 9999999,7793324800 -7,1224803833E-10| 1,2100000000E-06| -2,2066752054E-01 -1,1022374359E-10| 0,0000000000E+00 -2,2066752054E-06
18,0 10000000,0 |N 61° 3' 42,30490714" W 6° 25' 21,71305569" 646,1838575969| 18,0000000000| 9999999,9999997500 1,1785914467E-09| 0,0000000000E+00| -2,4586915970E-07 1,8239258576E-10| 0,0000000000E+00 -2,4586915970E-12
36,0] 10000000,0|N 48° 10' 45,7288264" E 15° 33' 32,8427849" 646,1838575966| 36,0000000000 , 100 8,9062268671E-10| 0,0000000000E+00| -1,8812716007E-07 1,3782806182E-10| 0,0000000000E+00 -1,8812716007E-12
54,0 10000000,0 [N 32° 49' 9,54577552" E 28° 1' 51,3951608" 646,1838575951| 54,0000000000 | 0 -6,3425886765E-10| 0,0000000000E+00| -1,4901161194E-07 -9,8154551556E-11| 0,0000000000E+00 -1,4901161194E-12
72,0 10000000,0 | N 16° 32' 41,64954698" E 36° 41'43,21423372" 646,1838575947| 72,0000000000| 9999999,9999997600 -1,0095391190E-09| 0,0000000000E+00| -2,3841857910E-07 -1,5623094064E-10| 0,0000000000E+00 -2,3841857910E-12
90,0 10000000,0|S 0° 3' 39,643989" E 43° 59' 17,70565673" 646,1838575946| 90,0000000000| 9999999,9999994200 -1,0916210158E-09| 0,0000000000E+00| -5,7741999626E-07 -1,6893350135E-10| 0,0000000000E+00 -5,7741999626E-12
108,0 10000000,0|S 16° 39' 43,27398379" E 51° 17' 40,3779685" 646,1838575957| 108,0000000000| 10000000,2630874000 -5,2523319027E-11| 0,0000000000E+00| 2,6308747940E-01 -8,1282313710E-12| 0,0000000000E+00 2,6308747940E-06
126,0| 10000000,0|S 32° 55' 21,37436079" E 59° 59' 51,68034517" 646,1838575942| 126,0000000000| 9999999,9999997600 -1,5135128706E-09| 0,0000000000E+00] -2,3655593395E-07 -2,3422325594E-10| 0,0000000000E+00 -2,3655593395E-12
144,0 10000000,0 | S 48° 15' 45,79247514" E 72° 31' 46,98705782" 646,1838575966 | 144,0000000000 )0 8,7629814516E-10| 0,0000000000E+00| -1,73; -07 1,3561127145E-10| 0,0000000000E+00 -1,7322599888E-12
162,0 10000000,0|S 61° 7' 29,51298496" E 94° 35' 19,39006789" 646,1838575959| 162,0000000000| 9999999,9999998300 2,1441337594E-10| 0,0000000000E+00| -1,6763806343E-07 3,3181481311E-11| 0,0000000000E+00 -1,6763806343E-12
180,0 10000000,0|S 66° 56' 50,43690806" E 134°7'48,0" 646,1838575959| 180,0000000000| 9999999,9999997500 1,9645085558E-10| 0,0000000000E+00| -2,4400651455E-07 3,0401696556E-11| 0,0000000000E+00 -2,4400651455E-12
198,0]  10000000,0|S 61° 7' 29,51298496" E 173° 40' 16,60993211" 646,1838575950| 198,0000000000| 9999999,9999998300 -7,1690919867E-10| 0,0000000000E+00| -1,6763806343E-07 -1,1094508014E-10| 0,0000000000E+00 -1,6763806343E-12
216,0| 10000000,0|S 48° 15' 45,79247514" W 164° 16' 10,98705782" 646,1838575957| 216,0000000000| 9999999,9999998400 -5,5024429457E-11| 0,0000000000E+00]| -1,6018748283E-07 -8,5152900077E-12| 0,0000000000E+00 -1,6018748283E-12
234,0 10000000,0 S 32° 55' 21,37436079" W 151° 44' 15,68034517" 646,1838575942| 234,0000000000 ,9999997600 -1,5135128706E-09| 0,0000000000E+00| -2,3841857910E-07 -2,3422325594E-10| 0,0000000000E+00 -2,3841857910E-12
252,0 10000000,0|S 16° 39' 43,27398379" W 143° 2' 4,3779685" 646,1838575957 | 252,0000000000| 9999999,9999998200 -5,2523319027E-11| 0,0000000000E+00| -1,7322599888E-07 -8,1282313710E-12| 0,0000000000E+00 -1,7322599888E-12
270,0 10000000,0|S 0° 3' 39,643989" W 135° 43' 41,70565673" 646,1838575946| 270,0000000000| 9999999,9999999400 -1,0916210158E-09| 0,0000000000E+00| -5,4016709328E-08 -1,6893350135E-10| 0,0000000000E+00 -5,4016709328E-13
288,0| 10000000,0|N 16° 32' 41,64954698" W 128° 26' 7,21423372" 646,1838575956| 288,0000000000| 9999999,9999997800 -7,8102857515E-11| 0,0000000000E+00] -2,1979212761E-07 -1,2086785610E-11] 0,0000000000E+00 -2,1979212761E-12
306,0 10000000,0 [N 32° 49' 9,54577552" W 119° 46' 15,3951608" 646,1838575951| 306,0000000000| 9999999,9999998500 -6,3425886765E-10| 0,0000000000E+00| -1,5087425709E-07 -9,8154551556E-11| 0,0000000000E+00 -1,5087425709E-12
324,0 10000000,0 N 48° 10' 45,7288264" W 107° 17' 56,8427849" 646,1838575957 | 324,0000000000 )0 -4,0699887904E-11| 0,0000000000E+00| -1,7508864403E-07 -6,2984996338E-12| 0,0000000000E+00 -1,7508864403E-12
342,0 10000000,0 N 61° 3' 42,304907 14" W 85° 19' 2,28694431" 646,1838575969| 342,0000000000| 9999999,9999997500 1,1785914467E-09| 0,0000000000E+00| -2,4214386940E-07 1,8239258576E-10| 0,0000000000E+00 -2,4214386940E-12




5.3.2 — ANALI SE

Tendo em vista que os resultados obtidos com
as variaveis de controle ml0 e n=10 para altitude e
azimute apresentaram val ores extremanmente precisos, nesta
fase, o0s trabal hos estardao focados apenas nos erros de
di stancia proporci onados pela adocdo de diferentes
vari avei s de control e.

5.3.2.1 — ANALI SE DOS ERRCS DE DI STANCI A

As diferencas percentuais entre as distancias
de deslocanento dos problemas diretos e as obtidas na
sol ucdes dos problemas inversos, entre SBS) e as posicdes
geodésicas finais, foram organizadas e distribuidas de
acordo com as freqiuénci as das 160 anostras.

A Figura 5.32 apresenta os poligonos de
frequéncia relativos as diferentes vari aveis de control e.

Anal i sando 0s pol i gonos de frequénci a,
pode-se observar que, em todos 0S casos, 0S erros estao
proxinos de zero e concentrados em duas posicdes
geonetricanente espel hadas no histograna. C aranente, o0s
erros se aproximam mais de zero quando os valores das
vari avei s de control e aunentam

Da nmesma forma que na analise anterior, os
resultados foram senelhantes nas quatro situacdes,
evi denci ando um conportanmento previsivel das equacdes
mat emati cas emrel acdo a di st anci a.
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Freqiiéncia
N
o

Bm=3,n=3
15 Em=10,n=10
Om=100,n=100
10 Om=1000,n=1000

m=100,n=100

m=3,n=3

RN A N
Erro [%] N Y N

Fig. 5.32 — Poligonos de Frequéncia de Erros de D stancia,
para Diferentes Vari aveis de Control e.

As Figuras 5.33 e 5.34 apresentam os val ores
maxino e mninmb dos erros percentuais de distancia. A
anplitude total dos erros esta representada na Figura 5. 35.

Tendo em vista estes trés graficos, pode-se
notar que, a partir de m100 e n=100, 0Ss erros maxi NDS
passam a apresentar valores iguais ou nenores do que 10°%
dos val ores i niciais, indicando uma tendéncia de
estabi | i zagcdo, com o aunento das vari &vei s de controle.

| ndubi tavel nrente, a partir destas variaveis
de controle, os calculos conegcam a esbarrar na preci sdo das
variaveis da |inguagem de inplenentacdo, entretanto, tais
resul tados representam unma excel ente preci sdo para cal cul os
de di stancia sobre o globo terrestre.
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1,2625081184E-01

1,4E-01—

1,2E-01—

1,0E-01—

8,0E-02—

6,0E-02—

4,0E-02—

Erro [%]

1,9080532482E-03 1,8293493669E-05— 1,6838052915E-05

2,0E-02—

0,0E+00 ‘

I 1
-1,0799780523E-03 -4,1826823284E-05 -8,4385745018E-05

-2,0E-02

-4,0E-02—

-6,0E-02—

-6,1802550860E-02

-8,0E-02

T
m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Variaveis de Controle

Fig. 5.33 — Valores Maxino e M nino dos Erros de Di stéancia,
para D ferentes Vari aveis de Control e.

1 4E-01— 1,2625081184E-01

1,2E-01—

1,0E-01—

8,0E-02—

6,0E-02—

Erro Absoluto [%]

4,0E-02—

2,0E-02—

1,9080532482E-03 4,1826823284E-05 8,4385745018E-05

I I I
m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Variaveis de Controle

0,0E+00

Fig. 5.34 — Valor Maxi nbo dos Erros Absol utos de Distanci a,
para Diferentes Variaveis de Controle.
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1,8805336270E-01

2,0E-01~

1,8E-01—

1,6E-01—

1,4E-01—

1,2E-01—

1,0E-01—

Amplitude Total [%]

8,0E-02—

6,0E-02—

4,0E-02—
2,9880313005E-03 6,0120316953E-05 1,0122379793E-04

& @ aauw @

0,0E+00 i i T
m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Variaveis de Controle

2,0E-02—

Fig. 5.35 — Anplitude Total dos Erros de D stancia,
para Diferentes Vari aveis de Control e.

Com relacdo as nedianas, pode-se verificar
que 0S desvi os conti nuam representando tendéncias
al eat6ri as de aunentar ou dimnuir as distancias iniciais,
entretanto, com val ores cada vez nenores com o aunento das
vari aveis de controle, chegando a ordem de 10 %% quando
m=1000 e n=1000, confornme a Figura 5. 36.

Anal oganent e, as nodas denonstram uma
i nci déncia gradativa de desvios com valores proxinmos de
zero, na ordem de 10% dos valores iniciais, com ms1000 e
n=1000, Figura 5. 37.

As médias dos erros de distancia estao
apresentadas na Figura 5.38. Neste caso, o0s erros nmedios
também se reduzem com o aunento das vari aveis de controle,
al cangcando a ordemde 107'% quando m=1000 e n=1000.
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Mediana [%]

Moda [%]

5,0E-03

1,0120561160E-06 1,0091112927E-10 -1,4610122889E-12

P T A

1,8044374883E-12

0,0E+00
-5,0E-03
-1,0E-02—
-1,5E-02—
-2,0E-02—
-2,5E-02

-2,9137261910E-02
-3,0E-02 T T

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000

Variaveis de Controle
Fig. 5.36 — Mediana dos Erros de D stancia,
para Diferentes Vari aveis de Control e.
10802 1,0120561160E-06
A L7

0,0E+00 ‘ ‘
-1,0E-02—
-2,0E-02—
-3,0E-02
-4,0E-02—
-5,0E-02—

-5,7895854115E-02
-6,0E-02 T T

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000

Variaveis de Controle
Fig. 5.37 — Mbda dos Erros de D stanci a,

para Diferentes Vari aveis de Controle.
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1,0272357976E-04 1,1378071674E-06
I I 1
-2,8317607848E-07

2,0E-03~

0,0E+00

-2,0E-03—

-4,0E-03—

-6,0E-03—

-8,0E-03—

-1,0E-02—

Média [%]

-1,2E-02—

-1,4E-02

-1,6E-02—

-1,8E-02—

-1,9538021492E-02

-2,0E-02 i i

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Variaveis de Controle

Fig. 5.38 — Media dos Erros de D stancia,
para Diferentes Vari aveis de Control e.

Quanto ao grau de dispersao, os dados
conprovam unma tendéncia de reducdo dos val ores nédios de
di stancia com o aunento das vari avei s de control e, chegando
a ordem de 10°% a partir de nF100 e n=100, com i ndi cacBes
de estabilizacéo.

As Figuras 5.39, 5.40 e 5.41 apresentam o0s
desvi os nedios, o0s desvios padrdées e as variancias dos
erros de distancia obtidos com os diferentes valores para
as vari avei s de control e.
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Desvio Médio [%]

Desvio Padrio [%]

3,5E-02—

3,0E-02

2,5E-02

2,0E-02

1,5E-02—

1,0E-02—

5,0E-03—

0,0E+00

[ 3,4780015287E-02

6,5489899072E-04 3,4421472088E-06 1,0969895713E-06

L8P v

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Variaveis de Controle

Fig. 5.39 — Desvio Médio dos Erros de D stancia,

5,0E-02—

4,5E-02

4,0E-02

3,5E-02

3,0E-02

2,5E-02

2,0E-02

1,5E-02—

1,0E-02—

5,0E-03—

0,0E+00

para Diferentes Vari aveis de Controle.

4,7477820188E-02

8,5072805284E-04 6,2232961324E-06 6,9592160944E-06

P @ @

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Variaveis de Controle

Fig. 5.40 — Desvio Padrédo dos Erros de Distancia,

para Diferentes Variaveis de Controle.
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2,5E-03—

2,0E-03—

1,5E-03

Variancia

1,0E-03—

5,0E-04

0,0E+00

2,2541434098E-03

7,2373821988E-07

3,8729414751E-11

4,8430688649E-11

= = @ L

m=3,n=3

m=10,n=10

m=100,n=100

Variaveis de Controle

m=1000,n=1000

Fig. 5.41 — Variancia dos Erros de D stancia,
para Diferentes Vari aveis de Control e.

TABELA 5. 14 — COVPARACAO DOS RESULTADOS OBTI DOS COM

DI STANCI A,  EMPREGANDO DI FERENTES

VARI AVEI S DE CONTROLE, A PARTIR DA

POSI CAO SBSJ, EM VALORES PERCENTUAI S

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Amostras 160 160 160 160
Somatéria -3,1260834387E+00| 1,6435772761E-02| 1,8204914678E-04| -4,5308172557E-05
Maximo 1,2625081184E-01| 1,9080532482E-03| 1,8293493669E-05( 1,6838052915E-05
Minimo -6,1802550860E-02| -1,0799780523E-03| -4,1826823284E-05| -8,4385745018E-05

Maior Absoluto

1,2625081184E-01

1,9080532482E-03

4,1826823284E-05

8,4385745018E-05

Amplitude Total

1,8805336270E-01

2,9880313005E-03

6,0120316953E-05

1,0122379793E-04

Mediana -2,9137261910E-02| 1,0120561160E-06| 1,0091112927E-10( -1,4610122889E-12
Moda -5,7895854115E-02| 1,0120561160E-06 - 1,8044374883E-12
Média -1,9538021492E-02| 1,0272357976E-04| 1,1378071674E-06| -2,8317607848E-07

Desvio Médio

3,4780015287E-02

6,5489899072E-04

3,4421472088E-06

1,0969895713E-06

Desvio Padrao

4,7477820188E-02

8,5072805284E-04

6,2232961324E-06

6,9592160944E-06

Variancia

2,2541434098E-03

7,2373821988E-07

3,8729414751E-11

4,8430688649E-11
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Cs

dados

apr esent ados

nos

graficos

par a

estudo dos erros de distancia com diferentes vari avei s de

controle estao consoli dados,

Tabela 5.14 e, emvalores reais [nmetros],

em val ores

per centuai s,
na Tabel a 5. 15.

na

TABELA 5. 15 — COVPARACAO DOS RESULTADOS OBTI DOS COM

DI STANCI A,  EMPREGANDO DI FERENTES

VARI AVEI S DE CONTROLE, A PARTIR DA

POSI CAO SBSJ, EM VALORES REAI S [nj

m=3,n=3 m=10,n=10 m=100,n=100 m=1000,n=1000
Amostras 160 160 160 160
Somatéria 1,6275911528E+02| 1,4329512889E+00| 3,3794100297E+00| -4,2237847220E-01
Maximo 1,1798941532E+02| 1,9525207803E+00| 1,8293493669E+00( 2,6308747940E-01
Minimo -1,1258053663E+02| -8,8996203616E-01| -4,1826823284E-01| -8,4385745018E-01

Maior Absoluto

1,1798941532E+02

1,9525207803E+00

1,8293493669E+00

8,4385745018E-01

Amplitude Total

2,3056995195E+02

2,8424828164E+00

2,2476175998E+00

1,1069449296E+00

Mediana

-2,9145344219E-02

6,1303171606E-06

4,6638888307E-09

-4,1654857341E-10

Moda

-5,7895854115E-04

1,0120561160E-01

1,8044374883E-09

Meédia

1,0172444705E+00

8,9559455556E-03

2,1121312686E-02

-2,6398654513E-03

Desvio Médio

2,3414876307E+01

6,4623021736E-02

4,6120767811E-02

1,3455999188E-02

Desvio Padrao

4,0381082515E+01

1,9565285315E-01

1,7803937697E-01

7,4682818448E-02

Variancia 1,6306318250E+03| 3,8280038947E-02| 3,1698019750E-02| 5,5775233714E-03

Com o aunento dos valores das variaveis de
controle, os desvios de distancia se tornam extrenmanente
pequenos, chegando a apresentar um erro nedio na ordem de
10° nmetros, com n¥1000 e n=1000, entretanto, tais dados
podem ser explorados um pouco nais com o intuito de se

determinar a influéncia da distancia de deslocanento nos

erros obti dos.

Desta forma, o0s erros de distancia foram
agrupados de acordo com os valores de deslocanento das
anostras, possibilitando a verificacdo das reais dinensdes
dos erros ao | ongo dos desl ocanent os ef et uados.
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Desvio Médio [m]

Desvio Médio [m]

70,0

60,0

50,0

40,0

30,0

20,0

10,0

m=1000,n=1000
0,0

m=100,n=100

m=10,n=10
1000 10000 100000 m=3,n=3

Distancia [m 1
[m] 000000 10000000

Bm=3,n=3
Bm=10,n=10
Om=100,n=100
Om=1000,n=1000

1,0

0,9

0,8

0,7

0,6

0,5 Em=3,n=3
Bm=10,n=10

04 Om=100,n=100
Om=1000,n=1000

0,3

0,2

0,1
m=1000,n=1000
00 m=100,n=100

m=10,n=10

% 10000 400000 m=3.n=3
Distancia [m]

1000000
10000000

Fig. 5.42 — Desvio Médio dos Erros para Distintas

Di stancias a partir da Posic¢cao SBSJ,
com Di ferentes Vari aveis de Control e.
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A Figura 5.42 apresenta os desvios nedios

reais [netros] obtidos comas varias distancias e distintas
da posicao de referéncia

vari aveis de controle, a partir

SBSJ,

sendo os dados consol i dados na Tabel a 5. 16.

TABELA 5.16 — COVPARACAO DOS DESVI OS MEDI OS OBTI DOS COM

DI FERENTES DI STANCI AS, EMPREGANDO VARI AVEI S

DE CONTROLE DI STI NTAS, A PARTI R DA PGOSI CAO

DE REFERENCI A SBSJ

Distancia [m]

m=3,n=3

m=10,n=10

m=100,n=100

m=1000,n=1000

1

3,6916822641E-04

1,0236463322E-05

6,8470847985E-08

2,0273865586E-09

10

3,6916350033E-03

1,0236568034E-04

6,8522609398E-07

1,7157373389E-09

100

3,6912041030E-02

1,0233828409E-03

5,0700454747E-06

2,4353983008E-09

1000

3,6868929853E-01

1,0206175613E-02

1,1001684243E-07

6,5653592856E-08

10000

3,6437873086E+00

8,3629243104E-02

1,1125903256E-06

1,9559778593E-07

100000

3,3659870486E+01

4,0344326742E-03

2,1086170687E-04

2,9087549265E-05

1000000

3,8856938748E+01

9,9116589256E-02

4,1339474334E-02

8,2061770544E-02

10000000

6,8857529668E+01

2,8906789040E-01

2,9537728835E-01

2,6096667154E-02

controle inplica no aunento da preci sdao dos resultados.
onde m=1000 e n=1000,

Torna-se claro que o aunento das vari avei s de

mel hor das situacdes apresentadas,
desvi os nmédi os representam val ores na ordem de 10°m para

desl ocanentos de 1 netro
centinetros,

casa de

par a

superiores a 10.000. 000 m

Resul t ados
val ores ainda maiores para as variaveis de control e,

mel hor es

podem ser

Na
0s

e crescem gradativanmente até a
desl ocanment os

lguais ou

obtidos com

tais

conb nF1000000 e n=1000000, entretanto, obvianente, o custo

conmput aci onal tanbém sera i ncrenent ado.
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5.4 — ANALI SE coM POsI COES GEODESI CAS CONHECI DAS

5.4.1 — METODOLOG A

Na terceira fase da analise, a idéia basica
esta centrada na obtencdo de erros de latitude, |ongitude e
altitude, a partir da solucdo dos problenmas inverso e
direto sobre posi ¢cbes geodeési cas conheci das e
pr é- det ermi nadas, comvari aveis de controle me n fixas.

Assim inicialnmente, foram escol hidas quatro
posi cOes geodésicas a serem enpregadas nos céalcul os
mat emat i cos:

1. SBSJ: Aeroporto de Sado José dos Canpos — Brasil
Latitude: S 23° 17' 18,0"
Longitude: W 45° 52' 12,0"
Altitude: 100,00 m

2. KATL: Atl anta International Airport — USA
Latitude: N 33° 37' 11,0"
Longitude: W 84° 25' 48,0"
Altitude: 100,00 m

3. EBBR: Brussels National Airport - England
Latitude: N 50° 54' 0,Q0"
Longitude: W 4° 29' 0,0"
Altitude: 100,00 m

4. RIAA New Tokyo International Airport - Japan
Latitude: N 35° 46' 0,0"
Longitude: E 140° 23' 0,0"
Altitude: 100,00 m
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As posicbes geodesicas foram agrupadas em
pares, com a intencdo de se definir rotas fixas e posicdes
pré-determ nadas de inicio e fim de deslocanento. A partir
dest as consi deracdes, foram ef etuados os segui ntes passos:

1. Escol ha das posic¢des geodésicas conhecidas (¢,A,h) e
(¢, 2y 1) 5

2. Definicdo das variaveis de controle me n;

3. Determnacdo de azinute e distancia entre as duas
posi cbes geodési cas;

4. Calculo de uma nova posicéo geodésica (¢, A, h,), tendo
conb base um desl ocanento, a partir da prinmeira posicao,
com os dados obti dos no probl ema inverso;

5. Identificacdo dos erros reais e percentuais de |atitude,
| ongi tude e altitude.

Os erros reais correspondem as diferencas
encontradas entre os valores de latitude ¢, e ¢, os dados
de longitude A, e A, e, ainda, as desigual dades de altitude
entre as posic¢des (¢, A, h) e (0,7, h). s erros
per centuai s equi val em as percentagens de desvio em rel agcéo
aos valores iniciais de latitude ¢, longitude A, e altitude
d,.

Nesta fase, as variaveis de controle foram
fixadas em nm10 e n=10. A tabela 5.17 descreve os
resul tados obtidos com os problenas inverso e direto sobre
as posi ¢cbes de referéncia SBSJ, KATL, EBBR e RIAA
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90¢

TABELA 5.17 -

RESULTADOS OBTI DOS A PARTI R DE

POSI COES GEODESI CAS CONHECI DAS, me10,

n=

10

Segmento Problema Inverso Posigao -P Direto Erros em Valores Reais Erros em Valores Percentuais
Posicao Posigao Azimute Distancia | Latitude Longitude Altitude Latitude Longitude Altitude Latitude Longitude Altitude
Inicial Final [°] [m] [m] [°] [°] [m] [%] [%] [%]
EBBR KATL 286,0408328300| 6528441,4776215900 |N 33° 37' 11,00219787" W 84° 25' 47,9971996" 100,0000000004 6,1000000000E-07 7,8000000000E-07 3,5433345147E-10 1,8144111840E-06 -9,2384223617E-07 3,5433345147E-10
EBBR RJAA 27,9185245700| 9808234,8977014000 [N 35° 46' 0,02335985" E 140° 22' 59,98877852" 99,9999999996 6,4900000000E-06 -3,1200000000E-06 -4,2186343308E-10 1,8145386764E-05 -2,2224860502E-06 -4,2186343308E-10
EBBR SBSJ 217,8299669300| 9165368,3071472300|S 23° 17' 18,01970642" W 45° 52' 12,00994084" 100,0000000005 -5,4700000000E-06 -2,7600000000E-06 4,9244874845E-10 2,3488155732E-05 6,0170045782E-06 4,9244874845E-10
KATL EBBR 46,8291699700| 6528441,4776215900 |N 50° 54' 8,8415E-4" W 4° 29'0,00486287" 99,9999999989 2,5000000000E-07 -1,3500000000E-06 -1,1462617522E-09 4,9115913556E-07 3,0111524186E-05 -1,1462617522E-09
KATL RJAA 324,4977234900| 11026355,3078133000 | N 35° 46' 0,02727843" E 140° 23' 0,02483347" 99,9999999996 7,5800000000E-06 6,9000000000E-06 -4,2186343308E-10 2,1192917053E-05 4,9151133801E-06 -4,2186343308E-10
KATL SBSJ 141,6441053700| 7507635,5063873300 |S 23° 17' 18,02330799" W 45° 52' 11,98280492" 99,9999999996 -6,4700000000E-06 4,7800000000E-06 -4,3885961531E-10 2,7782151296E-05 -1,0420754306E-05 -4,3885961531E-10
RJAA EBBR 338,6191944100| 9808234,8977014000 | N 50° 54' 0,02208921" W 4° 28' 59,98149061" 99,9999999989 6,1400000000E-06 5,1400000000E-06 -1,1462617522E-09 1,2062868369E-05 -1,1464684023E-04 -1,1462617522E-09
RJAA KATL 36,5739040900 | 11026355,3078133000 |N 33° 37' 11,02766518" W 84° 25' 48,02358884" 100,0000000004 7,6800000000E-06 -6,5500000000E-06 3,5433345147E-10 2,2843734251E-05 7,7579059576E-06 3,6433345147E-10
RJAA SBSJ 25,2710989400 | 18499053,8634073000 | S 23° 17' 17,9981767" W 45° 52' 12,00080485" 99,9999999996 5,1000000000E-07 -2,2000000000E-07 -4,3885961531E-10 -2,1899377374E-06 4,7961630695E-07 -4,3885961531E-10
SBSJ EBBR 24,9847508900| 9165368,3071472300 [N 50° 54' 0,01706934" W 4° 28' 59,97903973" 99,9999999998 4,7400000000E-06 5,8200000000E-06 -2,1495338842E-10 9,3123772102E-06 -1,2981412649E-04 -2,1495338842E-10
SBSJ KATL 325,7262462600| 7507635,5063873300 | N 33° 37' 11,02207369" W 84° 25' 48,02087879" 100,0000000004 6,1300000000E-06 -5,8000000000E-06 3,5433345147E-10 1,8233345177E-05 6,8695961151E-06 3,5433345147E-10
SBSJ RJAA 337,8159766200| 18499053,8634073000 |N 35° 46' 0,0017762" E 140° 23'0,00102884" 99,9999999996 4,9000000000E-07 2,9000000000E-07 -4,2186343308E-10 1,3699906802E-06 2,0657722902E-07 -4,2186343308E-10




5.4.2 — ANALI SE

Simlarmente as analises anteriores, as
di ferencas percentuais entre os valores obtidos na solucéo
dos problenmas inverso e direto, referentes aos pares de
posi cOes geodésicas, foram organizadas e distribuidas de
acordo com as frequénci as das 12 anostras.

A Figura 5.43 apresenta os poligonos de
frequéncia relativos as diferencas de |atitude, |ongitude e
altitude, com nm10 e n=10.

Freqiiéncia

OLatitude
B Longitude
OAltitude

Q
N b Q 4 S
Erro [%] N NN ,\QQ’ & QQ;Q N

Fig. 5.43 — Poligonos de Frequéncia dos Erros de Latitude,
Longitude e Altitude, para Posicdes CGeodésicas
Conheci das e Variaveis de Control e Fi xas.

Anal i sando 0s pol i gonos de frequénci a,
pode-se observar que, nos trés casos, O0S erros estéao
concentrados em posi ¢cbes proxi mas de zero.
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Da nmesna forma que nas analises anteriores de
azimute, os resultados de latitude e |ongitude apresentaram
resul t ados simlares, evi denci ando
previ sivel

um conportanent o

das equacdes natemati cas.

OCs erros foram anali sados estatisticanente e
0s resul tados estao consol i dados na Tabel a 5. 18.

TABELA 5.18 — COVPARAGCAO DOS RESULTADOS OBTI DOS COM
LATI TUDE, LONG TUDE E ALTI TUDE, i
EMPREGANDO PARES DE POSI COES GEODESI CAS

CONHECI DAS, EM VALORES PERCENTUAI S

Latitude Longitude Altitude
Amostras 12 12 12
Somatodria 1,5454655912E-04| -2,0167071156E-04| -3,0953373198E-09
Maximo 2,7782151296E-05| 3,0111524186E-05| 4,9244874845E-10
Minimo -2,1899377374E-06| -1,2981412649E-04| -1,1462617522E-09

Maior Absoluto

2,7782151296E-05

1,2981412649E-04

1,1462617522E-09

Amplitude Total

2,9972089033E-05

1,5992565068E-04

1,6387105006E-09

Mediana

1,5104127567E-05

3,4309676799E-07

-4,2186343308E-10

Moda

3,5433345147E-10

Média

1,2878879926E-05

-1,6805892630E-05

-2,5794477665E-10

Desvio Médio

9,0687351193E-06

3,56141530244E-05

4,3836993295E-10

Desvio Padrao

1,0480630910E-05

5,0267873230E-05

5,6709269845E-10

Variancia

1,0984362427E-10

2,5268590791E-09

3,1035227467E-19

Novanent e,

0s

erros

maxi nos

de

| ati t ude,

| ongitude e altitude representam di screpanci as percentuais
rel ati vanente pequenas, na ordem 10°% 10°% e 10"%
respecti vanente.

Com relacdo aos erros nedios, os dados
conprovam nai s una vez a tendéncia de desvios mninos, na
ordem 10°% 10°% e 10'% dos valores iniciais de latitude,
| ongi tude e altitude, respectivanente.
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5.5 — CARACTERI STI CAS GERAI'S

Apés o0s estudos estatisticos, €& possive

descrever as seguintes caracteristicas para o novo sistem
de projecdao GPR — “d obal Projection of Rangel”

10.

11.

12.

13.

Proj ecao elipsoidal, emtrés di nensdes;

Representacdo de informacdes geodésicas entre os
paral el os 90°'N e 90°S;

Latitude de origem O0°, Equador;

Longi tude de origem O0°, Meridiano de G eenw ch;
Conti nui dade de representacdo em todos os calculos e
desl ocanent os sobre o elipsoéi de de referéncia;

Enprego da nesma escala em todo o elipsoide de
ref erénci a;

Ajuste do nivel de precisao através de duas variaveis
de controle me n;

Preci sdo concorrente nos valores de altitude, azinute e
di st anci a;

Operacdo com altitudes, denonstrando precisdo nedia
superior a 10™% com variaveis de controle nFl0 e
n=10;

Manut encdo dos angulos sem defornmacbes, garantindo
preci sdo média superior a 10°% com variaveis de
controle nF10 e n=10;

Preservacdo das nedidas de distéancia, apresentando
preci sdo nedia superior a 10'% com variaveis de
control e m=1000 e n=1000;

As linhas dos paralelos e neridianos correspondem a
segnentos de curva, em trés dinensbes, sobre o
el i ps6ide de referéncia; e

Util para napeanento de pequenas, nedias e grandes
ar eas.
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CAPI TULO 6

CONCLUSAO

A construcdo de produtos que sejam capazes de
representar extensas areas passou a ser inpulsionada por
fatores econdbmcos e sociais, tais conb a reducdo das
barreiras entre as nacdes, a globalizacdo das informacbes e
0 crescinmento tecnol 6gi co.

Enbora existam varios sistenas de projecéo
cartografica, tais cono a Universal de Mercator e a Codnica
de Lanbert, a crescente necessidade de se nodelar
consi stentenmente o globo terrestre tem esbarrado em
di versas limtacdes, inerentes aos proprios netodos.

Assi m tendo cono inpulso os probl enmas
encontrados nos atuais sistemas de projecdo, este trabal ho
teve conb objeto a proposicao de uma nodel agem matenati ca
para a representacao do gl obo terrestre sobre um elipsdide,
capaz de viabilizar equacdes para o tratanento de posicdes
geodési cas, georreferéncia e determ nacdo de distancias e
angul os, com precisdo variavel e continuidade das
i nformacdes emtodas as partes do eli psoi de.

Apés a descricdo matematica do sistema de
proj ecao pr opost o, 0s erros foram aval i ados
estatisticamente sobre algunas posicdes geodésicas de
referéncia e, ainda, através da atribuicdo de diferentes
val ores para as variaveis de controle.
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s resultados obtidos denonstram que o
sistema de projecdo GPR é capaz de proporcionar
si mul t aneanente precisdo em altitude, azinmute e distancia,
com erros nedi os extrenmanment e pequenos.

A possibilidade de se alterar os valores das
vari aveis de controle possibilita o ajuste do nivel de
preci sdo dos desvios em detrinmento do custo conputaciona
para execucao das equacoes.

A continuidade das informacbes elimna a
necessi dade de se enpr egar di ver sas proj ecdes
i ndependentes, viabilizando a preparacdo de produtos
conmputacionais para a representacdao continua do globo
terrestre, tais cono softwares para o controle do espaco
aéreo, trafego de aeronaves, nonitoramento de veicul os,
geoprocessanento e cartografi a.

O uso de wuma UuUnica escala sobre todo o
el i ps6éide torna os erros matemati cos estaveis e simlares
em qual quer posi ¢cdo geodésica, semlimtacdes.

A sua aplicacdo nédo se restringe a areas
ext ensas, nas, por outro lado, viabiliza tanbém o
mapeanent o de pequenas e medi as regi oes, cartas
topogréaficas e mlitares.

As precisdes altimetricas alcancadas com as
equacodes guadr ati cas podem ser expl or adas par a
possibilitarem a representacdo de nodelos nunericos de
el evacdo, através de novas equacdes para interpolacdao em
trés di nensdes.
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Final mente, o sistema de projecdo “d oba
Projection of Rangel ” denonstra ser uma  nodel agem
mat emati ca exeqlivel e capaz de descrever equacdes estaveis
para a solucdo dos problenas direto e inverso, representar
consistente o globo terrestre sobre um elipsodide e,
princi pal nent e, proporcionar precisdo suficiente para
atender as atuai s necessi dades de posici onanent o geodési co.
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