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PLANNING AND EXECUTION OF A PHOTOGRAPHIC MISSION OVER A WHEAT

PRODUCING REGCION IK RIO GRANDE DO SUL, BRAZIL

PAULO CESAR GURCEL DE ALBUQUERQUE
DAL ARTHUR COTTRELL

Institute for Space FPesearch = INPE
Hational Council for Scientific and Technelegical Bevelopment
Sac Jose dos Campos — §P - DRAZIL

ABSTRACT

The initial phase of a wheat survey program was completed with the execul Lon
of a photegraphic mission during the booting and heading growth stage ol wheat

{TrlEfoam wwibing L.y Three 20 km. by 40 km. target areas in Hie Grande do Hul
were flown alter costftime saving changes in aircraft, oxygen requirements,
peometric pavameters and baseé of operations, A WILD RC-10 wmet - camera with
WRATTEN filter was used to expose coler IR film to produce 1:20,000 seale
transparencies and semi-contrelled mosaics for hectareage estimations and data
integration with hardware for CCT analyses. A BDANDEIRANTE EMB-!10B1 equipped wirth
Naedalus scanner will be flown on future missions.

1. INTRODUCTION

The Inwstitube for Space Research (INPE) has been active in airborne and
orhital remote seasing for agriculture sinece the early use of a BANDEIRANTE 100 A
in 1969 and the operation of the Cuiaba LANDSAT receiving stationm in 1973, This
paper vutlines the planning stages and flipght specifications of a photographic
mission cenducted to collect base data for a wheat survey over Brazil's major
ptoducing regions. The objectives of the survey (PROJETO TRIGC) include, 1) hect-
areage measurements of wheat crop areas for production estimations, 2) spectral
discriminatioen of healthy and infested wheat for the detection and defense apainst
seasonal outbreaks, and, 3) integration of survey and meteorclogical data for
resional yield forecasting. Muel of our base data, compiled in semi-controlled
mosaic format and computer cards will be used by wvarious apencies for aprieuwlroural
planning. Future wovk at INPE's Remote Sensing Depavtment will involwve phasing the
base daca into multispectral analyzer hardware to assist CCT analyses.

2. MISSION PLANNING

To initiate & mission iavelving the coordination of activities, frew
pre=Fflight preparation te final photographic product, we vesolved to divide
misgion planniung inte twe phases. This would ensure guidelines permictiag for low
cists and a satisfactory budget and for the conclusion of sérvices within a
pre—de tetmined deadline.

Az illustrated on the following page, the planning specifications wers
divided into "technical' and "administrative" parts. Mission responsibilitics
were subject to feedback after step by step feasibility assessments before &
final decision was made to accept or reject the mission andfor budpel.
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2.1 MISSTON SPECIFICATIONS

The technical apecifications of the mission planning phase were itemized as
folliows:

- mission objective

- target area selection )

- seometric parameters for aerial coverage
- radiometriec parameters

flight window

= photographic window

- selection of semsor

- cartographic materials.
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The administrative priorities included:

9 = deadline for cenclusion of underflight
10 - duratien of field mission

11 = airerafr availability and selection

12 - base of operations

13 = final cost considerations.

Items 1 and 2 and & through 8 of the technical specifications were consideved
fixed, limiting changes to peometric parameters such as scale and forward overlap
and sidelap, Among the administrative specifications, some flexibility was left
in the cheice of aiveraft, guantity of film and base of operations, all of which
affecred final cost comsideralions.

ftem T - mission objective - was to provide color IR coverage for the
construction 0f 4 quantitative and qualitative data base for wheat crop assess-
ments, Dur objective was based on the assumprion that & successful photographic
mission ¢could lead to o copfident transfer to satellite surveying of wheat
producing regions in the 1980's; thereby, freeing airborne operations faor other
relevant projects.

lcem 2 = target area selection — had to meet certain ¢riteria representative
af wheat production undet conditions of varying soil and climate regimes, seed
varieties and Farming techniques. The State of Rio Grande do Sul was targeted
for coverage; being the largest wheat producer and historically the most subject
to annual outbreaks of blight (eg. G¥bberella, Pucelnia, deploria) and pests
including lice and caterpillar. Three suitably discributed 20 km. by 40 km.
target arcas were selected on the "Planalto Media", a stepped rable lands owver

80 metvers above sea level, Physicgraphically, the region is character-
ized by varying excvremes of undulatvion, dark-red latesol soils on basaltic and
granitic bases and remnant, isolated stands of drawcapi: and mixed hardwosds.

Technalogically, the ragion is highly mechanized, although non-irrigated,
and organized through a system of dooperatives (geed, fertilizer, drying, storage
awd rural servites),The complexity of wheat cultivation is intimated by the faet
thaz more than forty seed warieties (HYV's and traditionul) are recommended



annually, larpely based on the previous year's success.

The final selection and delimitation of the target areas on LANDSAT scenes
of the previous growing season (May through Oetober, path 206, row 22), was
based on production and environmental eriteria and the spectral distribution of
wheat crop areas in relation ta other land use types. The three areas selected

and their respective coordinates on ARMY SERVICE MAPS (1:100,000) are as follows:

ARMY SERVICE

SHEET

SH=22=V=p=V] AREA 1 - (Cruz Alta) Latitude 2030 - 28%5's
Longitude 53%30'w - 54°00'W

SH-21-X-B-1T1 4REA 2 - (Santo Angelo) Latitude 27955's - 28%20's
Longitude 56910 - 54%250y

SH=22-V-A-1V AREA 3 - (Saledade) Latitude 28930's - 28%5°'s
Longitude 58%30t - 353%0'W

Also planned and executed was a low altitude, panoramic phetographiec pass
aver the Hational Center for Wheat Reseatrch (CNFTrige) in Passo Fundo (45 km.
northeast of Area 3).

tem 3 = geometric parameters — were initially assigned to a scale of
1:25,000 with a frontal overlap of 60% and sidelap of 30%. This margin of
imagery superposition was considered optimal for spectral discrimination and
interprecation, although some incompatibility with the INMAGE-100 analysis was to
be expected.

lrem 4 = radiometric parameters — were comsidered from the standpoint of
film sensitivity, false color enhancement and reflectance characteristics of
wheat crops and contrasting land use features. The film selected for exposures
was KODAK AEROCHROME 2443 INFRARED type. Past expericnce has shown this film ta
be especially suitable for red exposure (rendition te green), which provides
dxce lient contrast between sandy and latosol soils and green vepetative color
{rendition to red). A WRATTEN filter 15420 m + Av.2.3 was selected for blué
absorpticn. The Film and filter combination used, with an aerial exposure of
L/200 ar F/5.6, has shown good results for thé processing of color IR transpar-
CINCIes .

[tem 5 - Elight window — was detérmined by the stege of wheat growth and
susceptibi lity to blight, in spite of owvercast conditions which predominate
1o selected (Fig.l). A window between Aupust |7 and September 16, 197% was
s upon: pround cover i complete, wheat is in the baoting and heading
s and susceptible to various seed and so0il transmitted pesis and diseases.

ltem 6 - phetopraphic¢ window - was get for an interval betweeén an 8:45 aim,
and 15845 p.m. solar elevation ol 307, Photographic "hot spobs" were nat
considered to be accentuated during the six hour window and topegraphic di
ences are not sufficiently extreme in the target areas to preduce shadow of

] sotion of sensor - was continpent wpen the decision te use
filme & WILD RC-10 metric camerva with 152 mm focal length and infrared
filters was chosen for the wmission.

Ttew 8 = cavcograpliic materials —was a general! category for the inclusion
of @ll available wisual alds used for the project's rarget area selestlony

logistics and navigation.: These atds incloded LANDBAT iwagery, Army Service Tepo—
graphic sheets at scales of 1:100,000 and 1:50,000, stare highway, hydredopgy and

o

land use waps (T1:750,000), and Manie
werTe found tg be topographic sheets altlough dated, and Lab
M5 positives (1:250,000),

fpio survey maps. The most useful materials
DEAT-2 and LAND: (




Among Lhe administrative specifications, ltem 9 “mission deadline —was set
for September L6, a decision based on mission costs and wheat growth development
information provided by the National Wheat Research Centex (CHPTrige) . Tt was
deeided Lhat beyond this date, the Clight crew would proceed to twe alternative
target areas, irregarvdless of whether the prierity aveas had been [lown.

- frem 10 - durdcion of field missien - was based om a timetable that would
aliow for, 1) the aduinistering of a statistically significant number of field
interviews, and, I} the systematic designation of imagery check points awnd the
running of a transect aleng several hundred kilomerers of dirt roads . Area 3
(Saiedade) was selected [or intensive study owing te ibs proximity to personne ]
Crom CNPTrige in Passo Fundo. A sixteen day field calendar scheduled far the
period September 1 Lo Septewber 16 was found to be adequate to thrvouwghly travel
one 20 km. x 40 km. area and cover by transect the remaining two areas.

Trem b1l — aiveraft availability and selection - was consildered in terms of
costs, maintenance and the foliowing speecifications:

1y Eflight scability

2) awxygen censumption

1) #yontal, lateral and vertical visihility
4) service celling

5) empty and fully equipped weight

6) comfort.

As shown, two airvcraft were consideved for the missien, both presenting excellent
operating specifications for the mission requirements.

. T st
MERIAL WING NUMBER PRESSUR- (HORIZONTAL {ENDUR- (HOURE
SURVEY CRAFT CONFIGURATION | OF SEATS | 1ZATICN ISPEED ANCE  |AVATILABLE |
N AVATD low wing 4 no 350 km/b  {05:30 30 l
EMEBID . - .
AERO COMMAMNDER high wing 3 no 310 km/h D5:30 100 l
5008 [ 4

While the AERO COMMANDER had more hours available, it was underflight revision
leaving the NAVAJO EMB 820 which had thirty available hours and installed metris

Camera.

ltem 12 = base of operations - was initially selected at the Santa Maria
aftport, which has provisions fer oxygen, vefuelling and radio navigation. For
logistical reasons (the airport i1s located outside of the target aveas), this
Lase was rejected for a smaller airfield iw Santo fngelo (Area 3} which does not
furpnish o¥ypen. Ihis problem was resolved by veducing ouy flight altivude and
increasing our phoregraphic scale.

item 13 — fipal cost considerations - was 2 eritical facter in determining

the wiability of Che project, especially in view of gpiralling costs fox avwiation
fuei, flelé suppert and film processing. Several missien specifications were
allered in the fipal planning stages to redwce costs. These ingluded a rcha
siveraft (Trem 111, the base eof operations ¢(Trem 12) and geonetric paramet
auth as flying helght, phote raphic seate and overlap (ltem 3) . Photographic s
affects costs in ve rion ta flying heigho, distance from hase of eperallons ana
number of phetas réguired to sagisfy the mission's objecrives. To pxerute a
£1light line at a scale of 5,000 would have reguived a flight i
meters above sea level and the use of sxygen maske or 4 pressurized alre
ver, the Santa Maria AL rEort Facilitvies, which service oxypen peads

chirly minutes £light time depending oa the targel ared. The thange of
to Banto Anzelo and redut i of altitude to 3,350 meters adhowe sea leves
dispense with oxyzeén nesds was considered cost effective when [igured




durvation of the flight window. An accompanving scale change to 1:20,000 ancd
reduction of frontal overlap from 60% to 30% kept the total number of required
scenes per area at 91 despite a flight line increase from five to seven as
illustrated below,

SCALR OVERLAP SIDELAP NO. NO . NO. PHOTOS
PHOTOS STRIPS PER STRIP
1:25,000 607 0% 20 5 18
ADVANCE ADVANCE
2,5300m. 4,025m.,
BCALE OVERLAP SIDELAP No. NO. HO. PROTOS
PHOTOS STRIPS PER STRIF
1:20,000 30% 30% a1 E 7 13
ADVANCE ADVANCE
3,220m. 3,220m.

2.2 ADDITIONAL FLIGHT PARAFETERS

Other vital flight specifications included f£lying heipht above ground,flight
directien and navigatien.

Following the scale adjustment, the flying height above pround, 7, was
calculated by averaging lowest and highest elevations in the vepion. This method
was Found Lo ke acceptable for gently undulating topography chavacteristic of
the tarpet areds.

The direction of flight was determined according te the lengthwise orienta-
tions of the test areas with ne consideration piven to topography ner prevailing
winds. To econcmize time and flight distance, areas 1 and 3 were flown west to
sast to west and area 2 was covered in the dirvection north to svuth to aoerth.
Aftar each final pass, an additional strip was flown ovexr any irregulavitiecs or
gaps in the sidelapping. This test strip was designated by the number of the
anomalous strip plus a letter T for laboratory identification., The presence of
s test strip at the end of the exposed film rell proved to be a time saving aid
in processing and quality control.

Lacking irstrumentation for photogravhic navigation, we velied on vigual
means, using topographic charts at the 1:100,000 scale. Both pitots selected for
rhe mission were experienced viswal navigators, which eliminated extra time and
costs For prée-coverapge bterrain recognition. Twe other stipulations were: to avold
the use of more than one topographic map at one time and to aveid 2 gap between
flight lines because of a misjudged entrance. As shown in Figure 2 entrance was
executnd after a lateral recognition pass. The airerafr was set on automatic
pilot during photographic exposure and flown manually to execute a one minute
re—entey pattern.

3. MISSION RESULTS

The aivcraft landed in Santo Bngelo on October 26, Fight consecutive days
of intermittent rain grounded the wission through September 1. The following
day clear skies permitted for the coverape of test arveas 1 and 2. The latter was
fiewn in fthe morning when streng turbulence required that a test strip be flown
between limes 4 and 5. Turbulence and cumulous clouds grounded the planc on
September 3 after two aborted attempts to photegraph area 3.0n the morning of
September 4, area 3 was covered and a later afternvon panoramic pass cver the
CNPTrige experimental srtation was execufed en route Lo zlternative bargekb areas,
one in Parand State and one in Sao Paule State.



& summary of the time and duratien of photographic exposures is shown below:

BATE EXPOSURE
AREA 2 (SANTO ANGELO) Sep. 2 G55 — 1110
AREA 1 (CRUZ ALTA) Sep. 2 12.20 = 14303
AREA 3 (SOLEDADE) Sep. & §:45 = 11:25
CEPTrigo (PASS0 FUNDO) Sep. & 16:25 - 16:33

3.1 PRODUGT RESULTS

One day after completion ot the flight coverage, four celes IR magazines
arrived 4t INPE for precessing. Interpretation was started shortly thereafier by
4 team 6f elght analysts to produce a series of sewmi-controlled thematic mosaics.
Some observations on the interpretability of the Cransparencies, which refléect on
the suceess of the photographic mission, are included:

1) airveraft instability aleng several flipght lines created a
distertion in some places of as much as 200 metervs. Overs
digtortion was minimal.

2} the reduction of frontal overlap from 60% to 307 presented border
interpretation problems. Dark tones produced confusion betwean
crop types f(ep. wheat with barley) that were otherwise readily
separable {barley rendition to pink, wheat rendition to red),

4} the pheolographic scale (1:20,000) and resolution were copsideved
excellent, as weve overall tomal contrast and film c¢larity.

4y the flipght window selected provided excellent base imagery for
spectral discyimination, delimitation and manual hectareage
calenlations of wheat but was pre-mature by sewveral weeks for
significant blight detection.

aidelap
11

In conclusion, the mission planning and execution calendar proved to be propltic
for the teams invelved, as shortly fellowinpg the underflight, three weeks of stead
winds and rain rvesulted in a T70-90% production loss in the tarpet areas - rein-
forcing the grower's common equation of wheat cultivation with a "loteria®.

4, PFUTURE MISSIONS

Fer agrophotogranmmetric missions scheduled for the early 1980 Ys, INPE has
acquired a twin—engine BANDEIRANTE EMB-110 Bl aireraft, Designed specifically for
remote sensing reconndissancé, the aiverafr will be equipped with metric photo-
graphic and multispectral cameras and various wadiometric scanners. A Daedalus
DE=1260 11 channel secanner will be considered for integrationm with INPE's
multispeceral analyzer system harvdware, Five crew members will operate the
aireraft which has the following Elight charactervistics:

1y 2,070 kilometer range with 30 minute veserves
2y service ceiling of 8,300 weters

13 maximum cruising speed of 426 km/h

4) shert landing and take off capability,

These specifications arve considered wital to execube reconnaissance missions
over Brazilian territery. The operation of the asircraft will greatly increase the
range and efficiency for data collecting project needs, notably aver interiar
regions inaccessible by small aircraft or ground and water fransportation. Flight
missions planned For 1980 will provide remote sensing data for prujects in
agrigulture, forestry, geology and geographiec land use.
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FLIGHT PATTERN FOR RECONNAISSANCE AND RE-ENTRY TURNING

Turning Pattern
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Turning Pattern
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Figlire 2, Visval Navigation and Automacic Pileting Pattern ower the
Reconnalssance Areas.
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