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1. SUPPORTING FIELD RESEARCH AND AGRICULTURAL SCENE UNDERSTANDING

Task 1A: ExperiMENT DesieN AND DATA ANALYSIS
MARVIN BAUER AND VERN VANDERBILT




SUPPORTING FIELD RESEARCH

"FIELD RESEARCH PROVIDES BASIS FOR LARGER SCALE SATELLITE EXPERIMENTS, PILOT TESTS
AND EVALUATIONS

OBJECTIVES

"ANALYSIS AND PHYSICAL MODELING OF SPECTRAL PROPERTIES OF CROPS AND SOILS IN
RELATION TO AGRONOMIC AND OTHER PHYSICAL CHARACTERISTICS

'DEVELOPMENT OF RELATIONSHIPS AND MODELS WHICH PREDICT AGRONOMICALLY
IMPORTANT CROP CANOPY CHARACTERISTICS FROM SPECTRAL, ETC, INPUTS

GROWTH AND DEVELOPMENT STAGES
LEAF AREA INDEX, BIOMASS, PERCENT CANOPY COVER
CANOPY VIGOR OR STRESS

‘DEVELOP RELATIONSHIPS AND MODELS WHICH PREDICT SPECTRAL RESPONSE OF CROPS
BASED ON CULTURAL AND ENVIRONMENTAL FACTORS

- AGRONOMIC FACTORS - ROW WIDTH, VARIETY, ETC,
- SOIL BACKGROUND CONDITIONS
~ ATMOSPHERIC EFFECTS

"ASSESS CAPABILITY OF CURRENT, PLANNED, AND FUTURE SATELLITE SENSOR SYSTEMS TO
CAPTURE AVAILABLE INFORMATION




SUPPORTING FIELD RESEARCH (CON'T)

"LANDSAT MSS AND THEMATIC MAPPER
‘MULTISPECTRAL RESOURCE SAMPLE (MRS)
*OPTICAL + RADAR/MICROWAVE MEASUREMENTS

‘PROVIDE CANDIDATE MODELS, ANALYST AIDS, ANALYSIS TECHNIQUES AS INPUT TO
SUPPORTING RESEARCH AND FCPF EXPLORATORY EXPERIMENTS AND PILOT TESTS

‘GROWTH STAGE MODELS
*SPECTRAL AIDS (E.G, TRANSFORMATIONS OF ™)

"STRESS MODELS
' IMAGE PRODUCTS
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SuPPORTING FI1ELD RESEARCH--EXPERIMENT
DEsieN AND DATA ANALYSIS

OBJECTIVES

- DESIGN MULTIYEAR TECHNICAL PROGRAM OF SUPPORTING FIELD RESEARCH
FOR CORN, SOYBEANS, AND SMALL GRAINS

- DESIGMN EXPERIMENTS REQUIRING DATA COLLECTION IN 1980-81

- PERFORM ANALYSIS OF FIELD RESEARCH DATA IN SUPPORT OF CORN-SOYBEAN
GROWTH STAGE AND YIELD TASKS

- ANALYZE FIELD RESEARCH DATA ON CORN, SNYBEANS, AND SMALL GRAINS IN
TERMS OF DEVELOPING MODELS OF REFLECTANCE OF CROP CANOPIES AS
FUNCTION OF IMPORTANT AGRONOMIC AND MEASUREMENT VARIABLES




GENERAL APPROACH

- EXPERIMENT DESIGN AND DATA ANALYSIS BASED ON TECHNICAL ISSUES AND NEEDS

- DATA ACQUISITION ON CONTROLLED EXPERIMENTS AND COMMERCIAL FIELDS;
COOPERATIVE WITH USDA AND LAND GRANT UNIVERSITIES

- SPECTRAL MEASUREMENTS WITH LANDSAT MSS, AIRCRAFT MSS, HELICOPTER
SPECTROMETER AND TRUCK-MOUNTED SPECTROMETER AND RADIOMETER

- DATA ANALYSIS INCLUDES PHYSICAL OR EXPLANATORY AS WELL AS
CORRELATIVE MODELS OF SPECTRAL-AGRONOMIC PROPERTIES OF CROP CANOPIES




SpeciFic TASKS
DESIGN OF MULTIYEAR SUPPORTING FIELD RESEARCH

IN. CONCERT WITH JSC, UPDATE CURRENT PLANS DESCRIBING TECHNICAL OBJECTIVES, DATA
REQUIREMENTS, DESCRIPTIONS OF TEST SITES AND CONTROLLED EXPERIMENTS, PREPROCESSING,
AND DATA ANALYSIS AND MODELING.

DEFINITION OF 1980-81 EXPERIMENTS/DATA REQUIREMENTS

UPDATE SFR PROJECT PLAN INCORPORATING NEW SPRING WHEAT-BARLYE AND RICE TEST SITES
AND PROVIDING MORE INFORMATION ON DATA ANALYSIS TASKS, OBJECTIVES AND APPROACHES,

INCLUDING DATA REQUIREMENTS,

RECOMMENDED DESIGN OBJECTIVES

TO DETERMINE THE REFLECTANCE AND RADIANT TEMPERATURE CHARACTERISTICS OF CORN
AND SOYBEANS AS A FUNCTION OF MATURITY STAGE AND AMOUNT OF VEGETATION PRESENT,

- TO DETERMINE THE EFFECTS OF STRESSES INCLUDING MOISTURE DEFICITS, NUTRIENT
DEFICIENCIES AND DISEASE ON THE REFLECTANCE AND RADIANT TEMPERATURE PROPERTIES
OF CORN, SOYBEANS, AND WINTER WHEAT.

- T0O DETERMINE‘THE EFFECT OF IMPORTANT AGRONOMIC PRACTICES (E.G. PLANTING DATE,
PLANT POPULATION, FERTILIZATION) AND ENVIRONMENT FACTORS ON THE SPECTRAL
CHARACTERISTICS OF CORN AND SOYBEANS.

- TO SUPPORT THE DEVELOPMENT OF CORN, SOYBEANS AND SMALL GRAIN DEVELOPMENT STAGE

AND YIELD MODELS WHICH USE AS AN INPUT SPECTRAL RESPONSE AS A FUNCTION OF CROP
DEVELOPMENT STAGE.




- TO DETERMINE USING PRESENT AND FUTURE LANDSAT SPECTRAL BANDS THE SPECTRAL
SEPARABILITY OF CORN, SOYBEANS, AND OTHER TYPICAL CORN BELT CROPS AND
SPRING WHEAT AND BARLEY AS A FUNCTION OF DATE, MATURITY STAGE, SOIL
BACKGROUND CONDITIONS, AND OTHER AGRONOMIC AND MEASUREMENT VARIABLES.




3,

DaTAa ANALYSIS AND MODELING

SPECTRAL CROP DEVELOPMENT STAGE DETERMINATION
ESTIMATION OF CANOPY VARIABLES FROM SPECTRAL MEASUREMENTS
ASSESSMENT OF EFFECTS OF AGRONOMIC FACTORS ON CORN AND SOYBEAN REFLECTANCE

ANALYSIS OF EFFECTS OF NITROGEN NUTRITION ON SPECTRAL REFLECTANCE OF CORN AND
WINTER WHEAT

ANALYSIS OF EFFECTS OF MOISTURE STRESS ON SPECTRAL RESPONSE OF CORN

ANALYSIS AND MODEL OF RELATIONSHIP OF PERCENT SOIL COVER, ROW DIRECTION AND
SUN ANGLE TO REFLECTANCE OF SOYBEANS

COMPARISON OF MSS AND TM SPECTRAL BANDS FOR DISCRIMINATION OF CORN AND
SOYBEANS

THEORETICAL MODEL OF POTENTIAL OF POLARIZATION MEASUREMENTS TO ESTIMATE
CROP DEVELOPMENT STAGE, LEAF AREA AND VIGOR,; COMPARISON OF MODEL AND
EMPIRICAL RESULTS

ANALYSIS AND MODEL OF EFFECTS OF SUN ANGLE AND VIEW ANGLE ON REFLECTANCE
OF SPRING WHEAT AS A FUNCTION OF DEVELOPMENT STAGE




AcCOMPLISHMENTS THIS QUARTER

1. DATA ANALYSIS PLANS, INCLUDING LITERATURE REVIEW, OBJECTIVES, DATA
ANALYSIS APPROACH, DATA REQUIREMENTS AND PRODUCTS COMPLETED FOR
'CROP GROWTH AND DEVELOPMENT STAGE DETERMINATION
‘ESTIMATION OF CANOPY VARIABLES FROM SPECTRAL MEASUREMENTS

'"EFFECTS OF CULTURAL, SOIL AND ENVIRONMENTAL FACTORS ON
SPECTRAL PROPERTIES OF CORN AND SOYBEANS

2. PLANS ARE CURRENTLY BEING COMPLETED FOR
'EFFECTS OF STRESS ON REFLECTANCE AND RADIANT TEMPERATURE OF
- CORN AND WINTER WHEAT CANOPIES

'COMPARISON AND EVALUATION OF SPECTRAL BANDS FOR CROP
IDENTIFICATION AND CONDITION ASSESSMENT

"ANALYSIS AND MODEL OF RELATIONSHIP OF PERCENT SOIL COVER, ROW
DIRECTION AND SUN ANGLE TO REFLECTANCE OF SOYBEANS

3. TECHNICAL REPORT COMPLETED ON THREE TOPICS
'EFFECTS OF MANAGEMENT PRACTICES ON REFLECTANCE OF SPRING WHEAT
CANOPIES
A MODEL OF PLANT CANOPY POLARIZATION RESPONSE

'SIMULATED RESPONSE OF A MULTISPECTRAL SCANNER OVER WHEAT AS A
FUNCTION OF WAVELENGTH AND VIEW/ILLUMINATION DIRECTIONS




ACCOMPL ISHMENTS, CONT

4,  DATA ANALYSES IN PROGRESS

'CORN AND SOYBEAN DEVELOPMENT STAGE DETERMINATION

'EFFECTS OF SOILBACKGROUND (DARK VS. LIGHT COLOR), PLANTING
PATTERN (ROW WIDTH/PLANT POPULATION) AND PLANTING DATA ON
SPECTRAL RESPONSE OF CORN AND SOYBEANS

"ESTIMATION OF LEAF AREA INDEX; BIOMASS AND PERCENT SOIL COVER
OF CORN AND SOYBEANS FROM SPECTRAL MEASUREMENTS

"EFFECTS OF NITROGEN FERTILIZATION ON REFLECTANCE PROPERTIES
OF CORN AND WINTER WHEAT CANOPIES

'ANALYSIS AND MODEL OF RELATIONSHIP OF PERCENT SOIL COVER, ROW
DIRECTION AND SUN ANGLE TO REFLECTANCE OF SOYBEANS
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PLaNs FoR NexT QUARTER

COMPLETION AND DOCUMENTATION OF THE FOLLOWING ANALYSES

1. INITIAL MODEL OF CORN AND SOYBEAN GROWTH AND DEVELOPMENT STAGE
DETERMINIATION FROM REFLECTANCE MEASUREMENTS JuLy 1

2, ANALYSIS OF EFFECTS OF NITROGEN NUTRITION ON REFLECTANCE
OF CORN (RESULTS OF 2 YEARS) AucusTt 1

3. ANALYSIS OF EFFECTS OF NITROGEN NUTRITION ON REFLECTANCE
OF WINTER WHEAT (PRELIMINARY REPORT, 1 YEAR OF DATA) AucusT 1

4, INI1TIAL ANALYSES (1 YEAR DATA) OF EFFECTS OF SOIL TYPE,
CULTIVAR, PLANTING DATE AND ROW SPACING ON REFLECTANCE

OF SOYBEANS SEPTEMBER 1
5. INITIAL ANALYSES (1 YEAR DATA) OF EFFECTS OF SOIL TYPE,
PLANTING DATE, PLANT POPULATION ON REFLECTANCE OF CORN SEPTEMBER 1

6. ANALYSIS AND MODEL OF RELATIONSHIPS OF PERCENT SOIL COVER,
ROW DIRECTION AND SUN ANGLE TO REFLECTANCE OF SOYBEANS. Jury 1

7. ANALYSIS OF EFFECT OF MOISTURE STRESS ON SPECTRAL RESPONSE
OF cORN (NEBRASKA SCANNER DATA) SEPTEMBER 1




SIMULATED RESPONSE OF A MULTISPECTRAL SCANNER
OVER WHEAT AS A FUNCTION OF WAVELENGTH
AND VIEW/ILLUMINATION DIRECTIONS

VERN VANDERBILT
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OBJECTIVE

MEASURE AND EMPIRICALLY MODEL SUN ANGLE-VIEW ANGLE EFFECTS
FOR WAVELENGTH AND DEVELOPMENT STAGE IN CANOPY SPECTRA. '

BACKGROUND

THIS KNOWLEDGE WILL INCREASE UNDERSTANDING OF THE SCENE
DEPENDENT VARIATIONS ASSOCIATED WITH SCAN ANGLE IN LANDSAT
DATA. THIS KNOWLEDGE WILL SUPPORT EFFORTS TO ANTICIPATE
THE OFF-NADIR RESPONSE OF TWO FUTURE SATELLITE SENSORS,
MuLTISPECTRAL REsource SampLER (MRS) AND SySTEME PROBATOIRE
D' OBSERVATION DE LA Terre (SPOT),
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AcauisiTioN OF SuN ANGLE-ViEw ANGLE DATA

0000600

More THAN 1200 SPECTRA
FOUR CANOPIES - FOUR DEVELOPMENT STAGES
FIVE ZENITH VIEW ANGLES
EIGHT AZIMUTH VIEW ANGLES
ILLUMINATION ANGLES FROM
3 HOURS BEFORE SOLAR NOON TO
4 HOURS AFTER SOLAR NOON
WAVELENGTH CONTINUOUS FROM .45 TO 2.4 um

14




CooRDINATE SYSTEM USED TO ACQUIRE DATA

Local
Vertical
- True
Spectroradiometer . North
4 _ Zenith, 8
\\\‘/ 4 4
FOVS- -
Azimuth, O
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Sun

WeST

BIDIRECTIONAL REFLECTANCE DISTRIBUTION FUNCTION OF WHEAT

DATA TAKEN 21 Jury 1975, 00:05 GMT, GREEN WAVELENGTHS. DATA
PLOTTED USING TOPOGRAPHIC NOTATION WITH CONTOUR LINES AT
0.5% INTERVALS.,

NORTH







BiDIRECTIONAL ReFLECTANCE DisTrRiBUTION FuncTion oF WHEAT DATA Taken 20 Jupy 1975,

19:33 GMT, REp WAVELENGTHS. DATA PLOTTED USING TOPOGRAPHIC NOTATION WITH CONTOUR
INTERVALS ofF 0.57%., -

WEST

SouTH
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BRDF (%)

26 1 BipirecTioNAL REFLECTANCE DisTRIBUTION FuncTiON OF WHEAT DATA TAKEN
20 JuLy 1975, Near INFRARED WAVELENGTHS, 270° AZIMUTH ANGLE,

LJ LA ) L}

14 15 16 17 18 19 20 21 22 23 ol
TIME (GMT)
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BiDIRECTION REFLECTANCE DiIsTRIBUTION FUNCTION OF WHEAT. DATA PLOTTED IN TOPOGRAPHIC
NOTATION WITH CONTOUR INTERVALS OF 2.0 PERCENT. DATA TAKEN 20 JuLy 1975, NEAR INFRARED
WAVELENGTHS, 60° ZENITH ANGLE.
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WEST REFLECTANCE OF WHEAT IN
NEAR INFRARED AS A
FUNCTION OF TIME AND
— T T T T NORTH AZIMUTH ANGLE OF
15 16 17 18 19 20 21 22 23 24 OBSERVER
7 WiLListon, ND
TIME (GMT) ‘ 20 JuLy 1975

ZENITH ANGLE = 60°
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Ancillary meteorologic and agronomic data.

Date
Variable 21 Jun 76 20 Jul 75 17 Jul 76 31 Jul 76
relative humidity (%) 51 54 36 57
alr temperature (C°) 19 27 28 23
barometric pressure (mm Hg) 770.9 759.4 771.4 777.2
cloud cover (%) 1 1 5
wind direction northeast southwest southeast southeast
wind speed (km/hr) 14 16 10 13
cultivar Waldron Wells Ellar Ellar
maturity stage 3.5/boot  4.5/fully 5.1/milk 5.4/ripe
headed
row direction east-west east-west north-south north-south
row width (m) 0.18 0.21 0.18 0.18
fruit count (per m?) 0.0 444 .4 394.4
plant count (per m?) 477.8 310.0 455.6 405.6
plant heigh (m) 0.48 0.72 0.85 0.86
leaves per plant 5.0 4.0 4.0
leaf condition (%)
green 93 27 0
yellow 3 7 0
brown 4 66 100
dry biomass-total (gr/m?) 216.9 345.1 689.8 625.9
fruit 0.0 268.1 330.2
green leaves 84.7 51 0.0
yellow leaves
brown leaves 25.4 56.8
stems 132.3 345.3 238.9
fresh biomass-total (gr/m?) 1131.1 1466.1 840.0
plant moisture (%) 81 53 25
leaf area index* 1.85 1.48 0.81 0.0

*leaf area index is the green one-sided leaf area per unit ground area




ANALYSIS APPROACH
REGRESSION MODEL DEVELOPED

EQUATION DEVELOPED AT EACH OF 48 WAVELENGTHS AND
FOR EACH OF FOUR GROWTH STAGES, 194 EQUATIONS

TRUNCATED SPHERICAL HARMONIC SERIES HANDLES
VIEW ANGLE DEPENDENCE

TRUNCATED POWER SERIES IN TIME (I1.E., HOURS FROM
SOLAR NOON) HANDLES SUN ANGLE DEPENDENCE

9]
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CoORDINATE SYSTEM USED FOR ANALYSIS {:‘:}

Local
Vertical
. True
Spectroradiometer North
7 _ Zenith, 8 /
Field NN
Calibation 1N o
Panel % NN
\\‘ P \\'
o | Azimuth, ¢ \
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FUNCTIONS USED IN ANALYSIS

‘ Y10 Tto Y44 TERMS OF SPHERICAL
HARMONIC SERIES (§ = 0)

@ 1, 53, a0 B4 are DEFINED:

El = exp(-0,0133*0%**2)
E3 = exp(-0,0071*0"*2)
E4 = exp(-0.0040*0%*2)

14
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ExaMPLE OF REGRESSION EQUATION

21 June 1976

0.78 .uM WAVELENGTH

LAMBDA = 0.78 UM

Yio -0.14244D 02
T2 0.10488D 01
Y21C 0.85274D 01
T2Y20 -0.87974D 00
Y22C 0.22996D 01
TI1Y11S -0.48615D 00
TSY11C 0©.16076D-02
T1Y22C -0.90389D 00
T3Y22C 0.27100D-01
T6Y30  0.31372D-03
T1Y44S -0.43185D 00

TS 0.23330D-02
TiY1e 0.28204D 00
T3 -8.83816D-01
E4 -0.10018D 01
TS5Y43C 0.20359D-02
T1 0.38758D 00

T6Y22C 0.89107D-03
T2Y32C -0.41139D 00
Y42C 0.55671D 00
CONSTA 0.44751D 02

REFLECTANCE (8,0,T) = v10¥*(-,14244*10°)

+

+++++++++

2*(0 10488 % 101) + v21c* (0. 35274*10 )

2% (v20(-0,87974) + v22¢*(0, 22996*10%)
T™v11s*(-0,48615) + T *v11c*(0,16076%10 )
T *y22¢*(-0,90389) + T *y22¢*(0,27100*10° 1y
TS *¥30*(0.31372210° )1+ T*vlilis* (-0,43185)
T.*(0,23330*10°°) + T/ *v10*(0,28204)

T (-0.83816*10"") + E4*(-0,10018*10°)

T *y43¢* (0,20359*10° ) + Tl*(0.38758)
T8%v22¢* (0,89107%10°°) + 1° *v32¢* (-0.41139)
vli2c* (o 55671) + 0.44751*10°

25




COEFFICIENTS OF DETERMINATION
oF REGRESSION EQUATIONS

o | 17§:7
<
5’; -
o " ] -
0.8 } o 20 JuLy 1975 .
I e 21 June 1976
B 17 JuLy 1976 }
- O 31 JuLy 1976 -
- -
0.7 T 3 " ) S " " n o

o.4 0.6 0,8 1.0 1.4 1.8 2.4
0.5 0.7 09 12 1.6 2.0

WAVELENGTH (um)




PREDICTION ABILITY OF REGRESSION EQUATIONS: STANDARD
Deviation oF [100% (PREDICTED - OBSERVED)(OBSERVED)]

17 ———r—r—r—

[ ]
o 20 JuLy 1975 |
15t e 21 June 1976 -
X ® 17 JuLy 1976 ]
L O 31 Juy 1976

PERCENT

o.4 06 08 1.0 1.4 1.8 2.4
0.5 07 09 1.2 1.6 2.0

WAVELENGTH (uM)
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RESULTS

Q REGRESSION EQUATIONS AVAILABLE AS COMPUTER ALGORITHMS

PLOTS OF CANOPY SPECTRAL RESPONSE COMPLETED AS FUNCTION
OF ZENITH AND AZIMUTH VIEW ANGLES, TIME FROM SOLAR NOON,
WAVELENGTH, AND GROWTH STAGE

SCANNER RESPONSE SIMULATED AS FUNCTION OF SCAN ANGLE

28







NORMAL1ZED BRF FOR WHEAT

21 June 1976 THREE HOURS BEFORE NOON
WITH VIEW AZIMUTH 90 TO SUN AZgMUTH.
Sun (ZENITH, AzZIMUTH) = 437,109)

Lst :
~ 1
b } 60 1
[V} r\’\_\.‘ <
o [ X400 60 |
E 1.0 ~

1

= L Ao ]
m
© 3 0 <
2 10
o 9
B
g 0.5 } 60 = zenith view 60 |
= angle :

0.4 0.6 0.8 1.0 1.4 1.8 2.4
0.5 0.7 0.9 1.2 1.6 2.0

wavelength (um)




COORDINATE SYSTEM OF EACH PLOT
IN ARRAY OF PLOTS.

Wavelength (um)
NN HHMFBRODOD OO OO
SO 0N NN O VN o

1
N
o

-30 0 30 60
nadir
scan angle (degrees)
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SiMULATED, NorMAL1ZED BRF FOR A MULTISPECTRAL LINE SCANNER
PLoTTED IN ToroGRAPHIC NoTATION WITH CoNTOUR Lines AT 0.1

INTERVALS., Noon, 17 Jury 1976, AIRCRAFT FLYING TOWARD SUN,

05 %o.é>\/\? =1 06~

o g§j7 -
oy -1&):§>>~—l%=;£:§Z£i

\
\

5514

/

& .
10F—s— B
-——&-—3 1_1

2 NENEININ
<X -
20 04 04

<2 |2‘<’w‘<’§€s -
0

WAVELENGTH (WwmM)

ScAN ANGLE
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NorMALIZED BRF For A MuLTISPECTRAL LINE ScANNER PLOTTED IN TOPOGRAPHIC
NoTATION WITH CoNTOuR LINES AT 0.1 INTERVALS.

s,
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NorMALI1ZED BRF ForR A MuLTisPECTRAL LINE SCANNER PLOTTED .IN TOPOGRAPHIC

NoTATION WITH CoNTOUR LINES AT 0.1 INTERVALS,
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DEVELOPMENT STAGE

20 Juy 75

17 Jury 76

21 June 76

31 Jury 76

NORMAL1ZED BIDIRECTIONAL REFLECTANCE FACTOR OF WHEAT
(16:00 GMT)

. _:;7 ~
N ]&‘? { ‘N‘

RED NEAR-INFRARED
WAVELENGTH

1.64 um
MIDDLE-INFRARED
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(L) 3IWI]

DEVELOPMENT STAGE

31 JuLy 76 17 JuLy 76 20 Jury 75 21 June 76
FULLY HEADED BOO
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DEVELOPMENT STAGE

31 Jury 76 17 JuLy 76 20 Jury 75 21 June 76
MILK FULLY HEADED

(1W9) 3wi]

37

(QIWVYANI VAN - Wry 98'(0)
LYIH) 40 ¥OLOV4 JONVLDI 143y TWNOILOIWIAIG QIZITVWUON




LIMITATIONS

THE STUDY RESULTS ARE LIMITED IN ACCURACY IN THE
DIRECTION OF THE HOT SPOT (WHICH REQUIRES SPECIAL
TECHNIQUES TO MEASURE) AND FOR ZENITH VIEW ANGLES
0 < B <15°, (To IMPROVE THE MODEL FOR 0< 8 < 15°
MORE DATA MUST BE MEASURED IN THIS REGION.)
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CONCLUSIONS
THERE IS A SUN ANGLE-VIEW ANGLE SIGNATURE
SIGNATURE IS MODULATED BY WAVELENGTH AND GROWTH STAGE

THE SHADOWING EFFECT OF FOLIAGE 1S THE MOST IMPORTANT FACTOR
EXPLAINING REFLECTANCE VARIATIONS WITH VIEW ANGLE IN THE
VISIBLE REGION OF THE SPECTRUM

THE INTERACTION OF SHADOWING AND MULTIPLY SCATTERED LIGHT
APPEARS TO BE THE PREDOMINANT FACTOR EXPLAINING REFLECTANCE
VARIATIONS WITH VIEW ANGLE IN THE NEAR INFRARED SPECTRAL REGION

THE CANOPY REFLECTANCE AS A FUNCTION OF ANGLE VARIED BY A
FACTOR OF AS MUCH AS 1.0 10 2.5 FROM VIEW ZENITH = 0 TO

VIEW ZENITH = 60 IN THE NEAR INFRARED THREE HOURS AFTER
SOLAR NOON

THE WHEAT CANOPY THAT WAS MEASURED WAS NEVER A PERFECTLY
DIFFUSE REFLECTOR AT ANY WAVELENGTH AT ANY TIME. THE CANOPY
REFLECTIVE RESPONSE WITH ANGLE WAS CLOSEST TO THAT OF A
LAMBERTIAN REFLECTOR NEAR SOLAR NOON IN THE VISIBLE AND
MIDDLE INFRARED REGIONS.

CANOPY REFLECTANCE CHANGES VERY RAPIDLY BETWEEN ZENITH VIEW

ANGLES OF 0° AND 15°. THESE RAPID CHANGES ARE ATTRIBUTABLE
IN PART TO ROW AND SOIL EFFECTS.
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TASK 1B

FIELD RESEARCH DATA ACQUISITION AND PREPROCESSING

LARRY BIEHL
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1B, FIELD RESEARCH DATA ACQUISITION AND PREPROCESSING

OVverALL OBJECTIVE,

COORDINATE AND/OR ACQUIRE AND PREPROCESS THE REQUIRED MULTICROP
FIELD RESEARCH DATA TO SUPPORT THE AGRISTARS PROGRAM,
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1B, FIELD RESEARCH DATA ACQUISITION AND PREPROCESSING

SpeciFIC OBJECTIVES FOR 1980 (AND COMPLETION DATE OR TARGET COMPLETION DATE)

1. DaTa AcQuISIITION

+ PLAN AND COORDINATE 1980 ACQUISITION OF REQUIRED FIELD RESEARCH DATA IDENTIFIED
IN EXPERIMENT DESIGN PLANS DEVELOPED UNDER TAsk 1A  (compLETED 5/1/80)

+ Acauire 1980 Purpue AcroNoMy Farm pATA  (10/15/80)
. ACQUIRE DETAILED AGRONOMIC MEASUREMENTS FOR WEBSTER Co., & Cass Co. siTtes (10/15/80)
. PREPARE AND CALIBRATE FIELD REFLECTANCE STANDARDS  (5/30/80)

» PREPARE PLAN Fok 1981-82 FI1ELD RESEARCH DATA ACQUISITION (11/1/80)
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2,

SpeciFic OBJECTIVES FOR 1980 (AND COMPLETION DATE OR TARGET COMPLETION DATE) CON'T.

DATA PREPROCESSING

+ COMPLETE PROCESSING OoF 1979 pATA

» PURDUE AGRONOMY FARM

(compLETED U4/1/80)

+ WeBSTER Co., & HanND Co. FSS  (MAJORITY COMPLETED 4/1/80)_

» WeBsTER Co., HanD Co., & McPHERSON Co. AIRCRAFT scanner  (5/30/80)

' PREPROCESS FIELD RESEARCH DATA ACQUIRED IN 1980

» PurRDUE AGRONOMY FARM

(1/1/81)

+ WeBsTER Co., & Cass Co. FSS  (2/1/81)

* WeBsTER Co., Cass Co.,

McPHERSON Co. & WrARTON CO. AIRCRAFT SCANNER

1/1/81
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ACCOMPLISHMENTS THIS QUARTER

1. DATA AcQuisITION

-

1980 PurDUE AGRONUMY FARM DATA ACQUISITION BEGUN

. ARRANGEMENTS MADE FOR ACQUISITION OF DETAILED AGRONOMIC MEASUREMENTS
AND suPPOrRT OF FSS missions For CAss Co., ND AND WeBsSTER Co., IA TEST SITES

» FIELD REFLECTANCE STANDARDS FOR 1980 PREPARED

GRAY PANEL FIELD REFLECTANCE STANDARDS CALIBRATED
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ACCOMPLISHMENTS THIS QUARTER (con’T)

2. DATA PREPROCESSING
+ ADDITiONAL 1979 PurDUE AGRONOMY FARM AGRONOMIC DATA PROCESSED
+ 1979 Hanp Co., FSS AND AGRONOMIC DATA PROCESSING COMPLETED

+ 1979 (MaY THRU AucusT) WEBSTER Co., FSS AND AGRONOMIC DATA PROCESSING COMPLETED




SUMYMARY OF 1980 FIELD RESEARCH EXPERIMENTS

1. Wemster Co., Iowa

o SPECTRAL CHARACTERISTICS AND SEPARABILITY OF CORN, SOYBEANS AND OTHER AS FUNCTION OF GROWTH
STAGE AND CULTURAL PRACTICES

o VERIFICATION OF SPECTRAL-AGRONOMIC RELATIONSHIPS

2. Cass Co., MNormH DakoTA

® SPECTRAL CHARACTERISTICS AND SEPARABILITY OF SPRING WHEAT, BARLEY, SUNFLOWERS AND SOYBEANS AS
FUNCTION OF GROWTH STAGE AND CULTURAL PRACTICE

3, TippecANoE Co., INDIANA PuRDUE AcroNoMy FARM

o EFFECTS OF FERTILIZATION AND DISEASE ON REFLECTANCE AND RADIANT TEMPERATURE CHARACTERISTICS
OF WINTER WHEAT (ALSO GROWTH STAGE AND LEAF AREA INDEX RELATIONSHIPS)

o RELATIONSHIP OF CROP CANOPY VARIABLES TO (GROWTH STAGE, LAI, BIOMASS, SOIL BACKGROUND ETC.)
REFLECTANCE AND RADIANT TEMPERATURE OF CORN AND SOYBEANS

® EFFECTS OF VARYING AGRONOMIC PRACTICES (PLANTING DATE, RON SPACING, PLANT POPUWATION, CULTIVAR,
SOIL TYPE) ON SPECTRAL RESPONSE OF CORN AND SOYBEANS

o EXPERIMENTS ON INSTRUMENT PARAMETERS, CALIBRATION AND MEASUREMENT VARIABLES

4, McPugrson CO., NEBRASKA, SANDHILLS EXPERIMENT STATION
e RELATIONSHIP OF MOISTURE STRESS EFFECTS ON REFLECTANCE AND THERMAL CHARACTERISTICS OF CORN




1980 FieLp ReseAarcH TesT SiTes anD Magor Crops

Tippecance Co. Vesster Co, Cass (o, McPuerson Co. WarTON Co,
INDIANA Jowa N. Dakota NEBRASKA Texas
Corn Corn SPRING VHEAT Corn Rice
SOYBEANS SOYBEANS BaARLEY SovBEANS
WINTER WHEAT SUNFLOWERS
SOYBEANS
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ORGANIZATIONS INVOLVED IN ACQUISITION OF 1980 FIELD RESEARCH DATA

NASA/ JornsoN Space CENTER
PURDUE/LABORATORY FOR APPLICATIONS OF REMOTE SENSING
NorTH DAKOTA STATE UNIVERSITY

UNIVERSITY OF NEBRASKA
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PLANS FOR NEXT QUARTER

1. Data AcauisiTION

' COMPLETE PREPARATION OF PLOTS AT THE PURDUE AGRONOMY FARM

CALIBRATE PAINTED BARIUM SULFATE FIELD REFLECTANCE STANDARDS
+ CONTINUE AcQuISITION OF PURDUE AGRONOMY FARM DATA

+ BEGIN ACQUISITION OF DETAILED AGRONOMIC MEASUREMENTS FOR WEBSTER Co., IA
orR CAss Co., ND TEST SITES
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2l

PLANS FOR NEXT QUARTER (con'T)

DATA PREPROCESSING

COMPLETE PROCESSING oF 1979 NEBSTER Co. FSS pATA WHEN RECEIVED
FrRoMm NASA/JSC

» CoMPLETE PROCESSING 1979 WessTER Co., HAND Co., & McPHERsON Co.
AIRCRAFT SCANNER DATA

COMPLETE PROCESSING OF 1979 PurDUE AGRoNoMY FARM SPECTRAL LEAF
REFLECTANCE MEASUREMENTS - CLEVENGER SPECTROMETER SYSTEM DATA

BEGIN PROCESSING 1930 PurRDUE AcrONOMY FARM DATA
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ISSUES/NEEDS TO BE RESOLVED

DATA PREPROCESSING

» Neep 5 paTes ofF 1979 FSS paTA From NASA/JSC




Task 1C:

DEVELOPMENT OF MULTIBAND RADIOMETER SYSTEM

BARRETT F. RoBINSON




OBJECTIVE: To COMPLETE THE DEVELOPMENT, TESTING, AND DOCUMENTATION

OF A MULTIBAND RADIOMETER SYSTEM FOR REMOTE SENSING
FIELD RESEARCH.

APPROACH

 Purpue/LARS WILL COMPLETE THE ACQUISITION OF A PROTOTYPE
MULTIBAND RADIOMETER AND DATA LOGGER

» PURDUE/LARS WILL PREPARE A TEST PLAN FOR THE SYSTEMS AND
TEST THEM ACCORDINGLY. IN CONCERT WITH THE TECHNICAL
MONITOR, PURDUE/LARS WILL ESTABLISH A REVIEW PANEL FOR
THE TEST PLAN AND TEST RESULTS

+ PURDUE/LARS WILL PREPARE SPECIFICATIONS FOR PRODUCTION UNITS -
TO APPEAR IN FINAL REPORT

» PURDUE/LARS WILL PREPARE
REVISED SYSTEM MANUAL
AGRICULTURAL USERS MANUAL

» PURDUE/LARS WILL CONTINUE TO DEVELOP SOFTWARE AND HARDWARE
TO INTERFACE DATA LOGGER TO THE LARS PDP11/34 comPuTER
AND INPUT TO THE IFM 3031
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0 | |

+ SPECIFICATIONS FOR PRODUCTION MODELS OF THE MULTIBAND
RADIOMETER/DATA RECORDING SYSTEMS

+ SYSTEM MANUALS
+ USERS MANUAL
+ DATA ENTRY PROCEDURES, (To ACCOMPANY REFORMATTING AND ANALYSIS

PROCEDURES DEVELOPED IN 1979 FOR MULTIBAND DATA ANALYSIS BY
LARSPEC,) | -




ACCOMPLISHMENTS FOR THE QUARTER (TO DATE)

+ DATA LOGGER - IN CONSTRUCTION,

- MEMORY MODULE DESIGNED AND TESTED
= CONTROL CIRCUITS DESIGNED AND INDIVIDUALLY TESTED
= CASE AND CONTROL PANEL - PRELIMINARY DESIGN

+ RADIOMETER - IN CONSTRUCTION,

OUTER ASSEMBLIES PAINTED

JIG BORING COMPLETE

FRONT COVER COMPLETE

CIRCUIT BOARDS ASSEMBLED - IN TESTING

FILTERS BEING CUT

+ TEST PLAN - STILL PRELIMINARY

+ DATA INTERFACE/DATA HANDLING MODULES TESTED - FURTHER WORK NEEDED




PLANS FOR NEXT QUARTER

COMPLETION OF DATA LOGGER

COMPLETION OF RADIOMETER

LAB AND FIELD TEST SYSTEM

SysTEM MANUAL - COMPLETION OF REVISED DRAFT
USER MANUAL - COMPLETION OF REVISED DRAFT
TEST PLAN REVISED AND COMPLETE

DATA INTERFACE - TESTING AND DOCUMENTATION COMPLETED




2'

RESEARCH IN THE APPLICATION OF SPECTRAL DATA
TO CROP IDENTIFICATION AND ASSESSMENT

TASK 2D

SPECTRAL-METEOROLOGICAL CROP DEVELOPMENT STAGE
EsTiMATION FOR CORN AND SOYBEANS

CRAIG DAUGHTRY, HAROLD REETZ, AND VIC POLLARA
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SPECTRAL-METEOROLOGICAL CROP DEVELOPMENT STAGE ESTIMATION
FOR CORN AND SOYBEANS

OVERALL OBJECTIVE

DEVELOP METHODS TO ESTIMATE CROP DEVELOPMENT STAGES .USING SPECTRAL AND
METEOROLOGICAL DATA,

SPECIFIC OBJECTIVES ForR 1980

1. DEFINE, TEST AND DELIVER FIRST GENERATION SPECTRAL-METEOROLGCGICAL METHODS
TO ESTIMATE CROP PHENOLOGY FOR CORN AND SOYBEANS IN THE U.S,

2, IDENTIFY AND BEGIN INITIAL RESEARCH AND DEVELOPMENT OF SECOND GENERATION
CROP PHENOLOGY MODELS.

3. DEFINE DATA REQUIREMENTS FOR DEVELOPING AND TESTING CROP PHENOLOGY MODELS
IN U.S. AND FOREIGN AREAS.
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CURRENT STATUS AND ACCOMPLISHMENTS
LITERATURE SURVEY IS 90% COMPLETED
INITIAL ANALYSES OF SPECTRAL DATA ARE IN PROGRESS

- SPECTROMETER DATA FROM PURDUE AGRONOMY FARM
- LANDSAT MSS DATA FOR SEGMENTS IN CornN BELT

SEGMENTS SELECTED AND DATA BASE DEVELOPMENT INITIATED

- DATA SET TO BE ASSEMBLED
INDIANA-JUNE 1
Jowa-June 10
ILLinois-June 30

METEOROLOGICALLY-BASED MODELS FOR CORN AND SOYBEANS SELECTED

- CORN - HEAT UNIT MODELS (CROSS AND ZUBER, 1972)
- SOYBEANS - HEAT UNITS MODELS (LAWN AND BYTH, 1973)
- PHOTOTHERMAL MODEL (MAJOR ET. AL. 1975)

FORMULATED INITIAL APPROACH FOR SPECTRAL-METEOROLOGICAL MODELS
— PROBABILITY DENSITY FUNCTION APPROACH
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RESULTS OF LITERATURE SURVEY

THREE MAJOR APPROACHES TO ESTIMATE CROP DEVELOPMENT STAGE
1. NORMAL OR AVERAGE PHENOLOGY

BASED ON ACCUMULATION OF DAYS BETWEEN PHENOLOGICAL EVENTS

DO NOT ACCOUNT FOR YEAR TO YEAR VARIATIONS IN CROP DEVELOPMENT DUE TO
WEATHER DIFFERENCES

SPATIAL RESOLUTION IS GENERALLY FOR CROP REPORTING DISTRICT SIZED AREAS

2, METEOROLOGICAL METHODS

BASED ON ACCUMULATION OF THERMAL OR PHOTO-THERMAL UNITS BETWEEN
PHENOLOGICAL EVENTS

REQUIRE PLANTING DATE AS A STARTING POINT WHICH CAN BE DIFFICULT TO
OBTAIN FOR LARGE AREAS

WIDELY USED BY SEED INDUSTRY TO RANK CULTIVARS
SPATIAL RESOLUTION LIMITED BY DISTRIBUTION OF WEATHER STATIONS

3.  SPECTRAL METHODS

BASED ON CROP REFLECTANCE (APPEARANCE) CHANGES AS A FUNCTION OF PHENOLOGY
INTEGRATE WEATHER AND MANAGEMENT EFFECTS ON CROP DEVELOPMENT

SPATIAL RESOLUTION DEPENDS ON SENSOR (E.G., 0.45 HA FOR LANDSAT MSS)
SPECIAL PROBLEMS WITH LANDSAT MSS DATA

- ATMOSPHERIC INTERFERENCE

- MISSING DATA

- INFREQUENT TEMPORAL COVERAGE
- HAVE NOT BEEN TESTED
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LOCATION OF SELECTED LANDSAT 5 X 6 MILE SEGMENTS WITH PERIODIC OBSERVATIONS IN 1978,
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61




HEAT UNIT MODELS

DESCRIPTION

'LINEAR RESPONSE OF DEVELOPMENT TO TEMPERATURE IS ASSUMED. NONLINEAR
RESPONSE VERSIONS ARE GENERALLY BETTER. '

'PREDICTS DEVELOPMENT OVER FAIRLY LONG PERIODS (I.E., PLANTING TO TASSELING
OR PLANTING TO MATURITY),

"EASY TO APPLY BECAUSE NO RESPONSE OF COEFFICIENTS IS REQUIRED.

DATA REQUIREMENTS

'DAILY MAXIMUM TEMPERATURE
*DAILY MINIMUM TEMPERATURE
' THRESHOLD TEMPERATURE (A CONSTANT)

HEAT UNITS FOR EACH STAGE (MAY DIFFER AMONG VARIETIES)

EXAMPLE

'*CROSS AND ZUBER. 1972 AGRoNOMY J, 64:351-355,



'DAILY ADJUSTED AVERAGE MODEL

n .
Z ('1'xi + TNi)/Z

i=1

'DAILY HEAT STRESS MODEL

n
Z (TX; + TN;)/2
il '

"ONTARIO MODEL

n
= (To; + ;) /2
il

HEAT UNIT MODELS

where:

where:

where:

TH,= high temp on day i
TL; low temp on day i
TX4= TH; if TH, < 86

= 86 if THy > 86

;= TL; if TL:> 50
"= 507if TL, €50

TX= TH; if TH; < 86
= 86 - (TH;-86) if TH; > 86

TO;= 0.256 (TH;)° + 4.39(TH;) - 155.18
TNj= TL; if TL;> 40
= 40 if TL, <40




PHOTOTHERMAL MODELS

DESCRIPTION

'SIMILAR TO BIOMETEOROLOGICAL TIME SCALE (BMTS) MODEL OF ROBERTSON {1968)
‘ INCORPORATES NONLINEAR RESPONSES OF DEVELOPMENT TO TEMPERATURE AND PHOTO PERIOD

'PREDICTS DEVELOPMENT OVER FAIRLY SHORT INTERVALS (I.E.,, EMERGENCE TO FLOWERING,
FLOWERING TO GRAIN FILLING)

"COEFFICIENTS NEED TO BE REDERIVED FOR MATURITY GROUPS OF SOYBEANS.
‘NO REPORTED BMTS MODEL FOR CORN

DATA REQUIREMENTS

'DAILY MAXIMUM TEMPERATURE

‘DAILY MINIMUM TEMPERATURE
'PHOTO PERIOD

*INITIAL COEFFICIENTS

‘PHENOLOGICAL DATA FOR DERIVATION OF COEFFICIENTS FOR MATURITY GROUPS OF CORN
AND SOYBEANS - :

EXAMPLES
'MAJOR ET., AL. 1975 crop sc1, 15:174-179

'ROBERTSON 1968, INT. J. BIOMETEORO. 12:191-223 b4



PLANNED OUTPUT PRODUCTS

METEOROLOGICAL DATA FOR SELECTED SEGMENTS IN U.S,
HISTORICAL CROP PHENOLOGY DATA

TRAJECTORY PLOTS OF LANDSAT MSS DATA FOR CORN AND SOYBEANS FOR
SELECTED SEGMENTS

EVALUATION OF SELECTED METEOROLOGICAL MODELS FOR PREDICTING CROP
PHENOLOGY

INITIAL EVALUATION OF METEOROLOGICAL MODELS ADJUSTED BY SPECTRAL DATA
FOR PREDICTING CROP PHENOLOGY

FIRST GENERATION SPECTRAL-METEOROLOGICAL MODEL FOR PREDICTING CROP
PHENOLOGY '

RECOMMENDATION FOR DEVELOPING ADVANCED MODELS
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PLANS FOR NEXT QUARTER

PREPARE BIBILIOGRAPHY

ACQUIRE AND ASSEMBLE METEOROLOGY DATA

ACQUIRE AND ASSEMBLE CROP PHENOLOGY DATA

ESTIMATE CROP DEVELOPMENT USING METEOROLOGICAL MODELS FOR CROP
REPORTING DISTRICTS

PLOT TEMPORAL TRAJECTORIES OF SPECTRAL DATA

ADJuUST CROP DEVELOPMENT STAGE USING SPECTRAL DATA

CONDUCT INITIAL EVALUATIONS OF SPECTRALLY-ADJUSTED METEOROLOGICAL
MODELS '

DELIVER RECOMMENDED MODEL TO U.S. PILOT EXPERIMENT.

ISSUES

RECEIPT OF METEOROLOGICAL DATA FROM NOAA 1N AsHviLrLe, N.C,
RECEIPT OF PHENOLOGICAL DATA FrRoM USDA-ESCS,
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TASK 2B

DETERMINATION OF THE VALUE OF SPECTRAL INFORMATION IN
EsTIMATION OF AGRONOMIC VARIABLES ASSOCIATED WITH YIELD oF CORN AND SOYBEANS

Cra1G DaucHTRY, DonN HoLT, CHRIs SEUBERT AND Nancy Fuus
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DETERMININATION OF THE VALUE OF SPECTRAL INFORMATION IN
ESTIMATION OF AGRONOMIC VARIABkES ASSOCIATED
WiTH YIELD oF CORN AND SOYBEANS

OVERALL OBJECTIVE
EVALUATE SPECTRAL DATA AS A SOURCE OF INFORMATION FOR CROP YIELD MODELS,

SPECIFIC OBJECTIVES FOR 1980

- IDENTIFY IMPORTANT FACTORS DETERMINING YIELD WHICH MAY BE ESTIMATED
FROM SPECTRAL DATA.

- DEVELOP REPRESENTATIVE APPROACHES WHICH POTENTIALLY CAN USE SPECTRAL
INFORMATION,

- EVALUATE SOIL PRODUCTIVITY INDICES FOR YIELD MODELS., EXPLORE METHODS
TO ASSESS SOIL PRODUCTIVITY USING SPECTRAL DATA,
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APPROACH
REVIEW THE LITERATURE,
ASSEMBLE DATA SETS. ADJUST LANDSAT MSS DATA,

SELECT IMPORTANT VARIABLES IN DETERMINING YIELD, DEVELOP METHODS TO
ESTIMATE THESE VARIABLES FROM SPECTRAL DATA., '

SELECT, ACQUIRE, AND MODIFY. YIELD MODELS TO INCLUDE SPECTRAL DATA,

EVALUATE SOIL PRODUCTIVITY INDICES., EXPLORE METHODS OF DETERMINING SOIL
PRODUCTIVITY FROM SPECTRAL DATA. '

IDENTIFY CRITICAL ISSUES FOR EXTENSION OF CONCEPTS TO FOREIGN AREAS,
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CURRENT STATUS AND ACCOMPLISHMENTS

LITERATURE SURVEYS
CROP YIELD 907 COMPLETE
SOIL PRODUCTIVITY 75% COMPLETE

SEGMENTS SELECTED AND DATA BASE DEVELOPMENT INITIATED

*SPECTRAL DATA SET ASSEMBLED
'METEOROLOGICAL DATA ON ORDER

INITIAL ANALYSES OF SPECTRAL DATA

"SPECTROMETER DATA AT PURDUE AGRONOMY FARM
*LANDSAT MSS DATA FOR SEGMENTS
CORRELATIONS OF SPECTRAL DATA TO GRAIN YIELD

'DATA SET DEPENDENT

' ADJUSTMENTS TO METEOROLOGICALLY-BASED YIELD MODEL ESTIMATES
- INITIAL TESTS USING SPECTROMETER DATA AcQuIRED IN 1978, 1979

PERCENT INTERCEPTED SOLAR RADIATION VARIABLE
'ESTIMATE OF"USEFUL"” ENERGY TO CROP

"POTENTIAL INTERFACES WITH YIELD AND EVAPOTRANSPIRATION MODELS
- INITIAL TESTS USING SPECTROMETER DATA
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CORN CULTURAL PRACTICES, 1979
PURDUE AGRONOMY TARM
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CORN CULTURAL PRACTICES, 1979
PURDUR AGROMOMY FARM
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LEAF AREA INDEX
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- INTERCEPTED SOLAR RADIATION FUNCTION

1,00

0.75

0.50

0,25

_ ' Ry = [1 - B0 0,79 * n)| * St

| 1 '\ i

1 2 3 4 5
Lear AREA INDEX

LINVILLE, DALE AND Hopees. 1978, AGron. J. 70:257-263
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% BIDIRECTIONAL REFLECTANCL (.6-.7 um)
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20

15

10

CORN CULTURAL PRACTICES, 1979
PURDUE AGRONOMY FARM

LEGEND
. : PLANTING PLANT
SYMBOL DATE - POPULATIONS
(Plants/ha)
1 May 2 25,000
2 May 2 50,000
3 May 2 75,000
* 4 May 16 25,000
. 1 5 May 16 50,000
6 May 16 75,000
& 3 . 7 May 30 25,000
5)2 7 8 May 30 50,000
6& 9 May 30 75,000
4199 ¢]
¢ 51 2 ) 9 5 7
“d & 35 1 & 8 5 9 9
43
2 S 8 6
2 11 ° “
1
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e :
¢ H : 3 3
8 e
5 2 ' 51 7 3
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| 1 “ > 84 1 76 3 6 9 B8 6 S
. 1 6 11 ¢l 7 4 g1 4 39 1 3 8 6
22 3 1 %2 4 2126 38 9 9
l 2 1 2151 1 271 65% 5 33 -
3 73 431 84 2444 8 2213588833 96
744733422 129295589633
T 8 44 7 3811155 58253233
4 7 862 5B366
*
|
|
LT T T T T T T T Ty Y Y X YR R YRR RS Y R X e P R X Y X R PR S Y R T Y PR R Y RN R P R YT
0.00 0.25 . 050 0.75 1.00

INTERCEPTED SOLAR RADIATION
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% BIDIRECTIONAL REFLECTANCE (.8-1.1 .
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39

3%
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27
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18

15

12
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SYMBOL
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4
4
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1
8
9

9
1
2

3
3

2

LEGEND

PLANTING
DATE

May 2
May 2
May 2

May
May
May
May
May
May

-— i~

3
34

4

5

16
16
16
30
30
30

7
7

- OO

~N—~N—~

®®

CORN CULTURAL PRACTICES, 1979

PURDUE AGRONOMY FARM

PLANT 6
POPULATIONS 6
(Plants/ha) 9

8 365

25,000 s "9

50,000 3 96

75,000 ng

25,000

50,000 ®a2°9°8

76 8 8 8 133

73" o000 6 2 3565 3

757000 34272 813 9868
5 4 3 6
73,000 7 74 21 62 6 2 925 36
5 3 3 47 472 59 563
9 gl 7 4 1 899 26
9 9 ‘ 4 11 522 ¢ 8
¢ 7774 7 2 1} 9 5526
6 9 1 4 6% 8 4717 6.1 1 5 563
8 4 3 1 1 4“7 2 @e&
8 4 3 | 43 747 65 > 86 9
6 1 3 11 47 485 ls 22 28
3 2 4 21 4 1 43 8 95
e 3 1 5
1 4 3 5 6
3 2 41 41 71 58 8
4 1 e ; 1
7 o 9 8 e
8 4 7 6 2 11
q 42 1 8 6
4 3 2 49 K]
5 1 6 3
4 8
8 9
R1 6 8 2
5 6 22 7 8
161 1 7 8
8
..-..-----------------0------c-------------‘--------------------0---------.-------o--0----
0.25 0.50 0.75 1.00

INTERCEPTED SOLAR RADIATION
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CORN CULTURAL PRACTICES, 1979

PURDUE AGRONOMY FARM
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PLANS FOR NEXT QUARTER

COMPLETE LITERATURE REVIES

ASSEMBLE SPECTRAL AND METEOROLOGICAL DATA SETS

CONDUCT INITIAL EVALUATIONS OF INTERCEPTED SOLAR RADIATION VARIABLE
'SPECTROMETER DATA FROM PURDUE AcroNoMy Farm 1978, 1979
*LANDSAT MSS DATA FOR SELECTED SEGMENTS IN 1978

INITIAL EVALUATION OF SOIL PRODUCTIVITY INDICES

"WASHINGTON COUNTY, MISSISSIPPI
ASSEMBLE SOIL PRODUCTIVITY DATA SETS FOR CORN BELT
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TASK 4A

APPLICATION AND EVALUATION OF LANDSAT TRAINING
CLASSIFICATION, AND AREA ESTIMATION PROCEDURES FOR CROP INVENTORY

MARILYN M. Hixson
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OBJECTIVES

*COMPARE SEVERAL METHODS FOR OBTAINING TRAINING STATISTICS.
*RELATE CLASSIFICATION PERFORMANCE TO SCENE CHARACTERISTICS.

'ASSESS EFFECT OF SEPARATING THE FUNCTIONS OF SAMPLING FOR TRAINING AND
SAMPLING FOR AREA ESTIMATION.
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TRAINING PROCEDURES

'SAMPLE UNIT SIZE FOR TRAINING

VARIABLE SI1ZE UNITS (FIELDS) VS. FIXED SIZE UNITS (FIXED CELL SIZE)
COMPARISON MADE ON THREE SEGMENTS

NO SIGNIFICANT DIFFERENCE IN ACCURACIES WERE FOUND BETWEEN THE TWO
METHODS, '

OF SPECTRAL/SPATIAL CLUSTERING ALGORITHM AS A TRAINING TOOL
PROCEDURE USES ECHO, UNSUPERVISED FOR TRAINING AND SUPERVISED
FOR CLASSIFICATION

SOFTWARE DEVELOPMENT BY TASK 3A NOW SCHEDULED FOR COMPLETION BY
JUNE 1
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RELATIONSHIP OF SCENE CHARACTERISTICS
AND CLASSIFICATION PERFORMANCE

' CLASSIFICATIONS

- ONE VISIBLE AND ONE NEAR IR BAND PER ACQUISITION

- ACQUISITIONS AROUND EMERGENCE AND AFTER TASSELING OF CORN

- MAXIMUM LIKELIHOOD CLASSIFIER

- CLASSIFICATIONS COMPLETED FOR 20 SEGMENTS AND PLANNED FOR 8-10
ADDITIONAL SEGMENTS
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SEGMENTS CLASSIFIED TO DATE

ILLINOIS

INDIANA

Towa

0

OGLE
[rROQUOIS

BENTON
HENRY
T1PPECANOE
WELLS

MADISON
CLINTON
CALHOUN
MoNONA

PaLo ALTo
POTTAWATTAMIE
SHELBY
WooDBURY

SEG

309
324

337
i3
854
369
141
300
862
381
883
386
892
895

UM

R

S
KENTUCKY

MI1SSOURI
MINNESOTA

NESRASKA

ou
BALLARD

GENTRY
LincoLn

GooHDUE
TRAVERSE

ANTELOPE

SEG

146

209
215

184
185

221

83




RELATIONSHIP OF SCENE CHARACTERISTICS
AND CLASSIFICATION PERFORMANCE

*DATA BASE CONSTRUCTION
CLASSIFICATION VARIABLES ENTERED AS SEGMENTS COMPLETED

1. CLASSIFICATION ACCURACY OF EACH COVER TYPE (CORN, SOYBEANS, "OTHER)

2. OVERALL CLASSIFICATION ACCURACY

3. VARIANCE REDUCTION FACTORS FOR CORN AND SOYBEANS

4, PROPORTION ESTIMATES FOR CORN AND SOYBEANS (BOTH CLASSIFICATION AND
SAE RESULTS) ‘

Al LABELS FOR THOSE SEGMENTS ANALYZED AT JSC COMPLETE

PROPORTIONS OF PURE AND MIXED PIXELS DATA BASE CONSTRUCTION UNDERWAY
RESEARCH BEGUN ON FACTORS OF SOIL TYPE AND COMPLEXITY, METEOROLOGICAL
VARIABLES, CROP MIXTURE
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FULL-FRAME SAMPLING

*SIX OF SEVEN FULL-FRAME DIGITAL TAPES ORDERED ARE NOW IN-HOUSE
"STRATIFICATIONS TO BE CONDUCTED WITH FULL-FRAME IMAGERY

"ALL SEGMENTS IN STRATA WILL BE USED FOR CLASSIFIER TRAINING
'SEVERAL SAMPLING SCHEMES WILL BE COMPARED

"DETAILED ANALYSIS PLAN IS BEING DEVELOPED
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PLANS FOR NEXT QUARTER

'PRELIMINARY EVALUATION OF ECHO As A TRAINING AID
* COMPLETE SEGMENT CLASSIFICATIONS FOR SCENE CHARACTERISTICS STUDY

' CONTINUE ANALYSIS OF RELATIONSHIP OF CLASSIFICATION PERFORMANCE TO
SCENE CHARACTERISTICS

'BEGIN ANALYSIS OF FULL-FRAME DATA




3'

SAMPLING AND AGGREGATION RESEARCH

TASK 4B

DETERMINATION OF THE OPTIMUM LEVEL FOR
COMBINING ACREAGE AND YIELD ESTIMATES

MarILYN M. Hixson

{7




OBJECTIVE

DETERMINE THE OPTIMAL LEVEL FOR COMBINING
AREA AND YIELD TO ESTIMATE PRODUCTION

38




APPROACH

'OPTIMAL LEVEL TO BE ASSESSED UTILIZING CURRENT TECHNOLOGY
- ANALYSIS OF LANDSAT MSS DATA OVER SAMPLE SEGMENTS FOR AREA
- CCEA-TYPE REGRESSION MODELS FOR YIELD

'OPTIMIZATION FOR MULTIPLE CROPS CONSIDERED
- JOwWA FOR CORN AND SOYBEANS
- NORTH DAKOTA FOR WHEAT

*SEVERAL LEVELS OF ESTIMATION CONSIDERED FOR BOTH ACREAGE AND YIELD
= COUNTY
= REFINED STRATUM
= CROP REPORTING DISTRICT
- STATE ‘
= OTHER UNIONS OF COUNTIES




STATUS

'IOWA CORN AND SOYBEAN AREA AND YIELD ESTIMATES FOR COUNTIES

- OBTAINED FOR 1919-197/8
- CURRENTLY BEING ENTERED INTO COMPUTER DATA BASE

' IOWA METEOROLOGICAL DATA NEEDED ARE DAILY TEMPERATURE AND PRECIPITATION

- DENSE ARRAY OF STATIONS IS REQUIRED

- DATA FROM 1900-1978 HAS BEEN ORDERED AND 1S EXPECTED SHORTLY
(FrRoM [owA GEOLOGICAL SURVEY)

- OBJECTIVE SMOOTHING FUNCTION WILL BE USED TO OBTAIN COUNTY VALUES
(FroM D, P17T9)

'NorTH DAKOTA WHEAT DATA FOR 1972-77 HAS BEEN OBTAINED; 1978 DATA WILL BE
SUPPLIED WHEN ESTIMATES ARE FINALIZED

*AvAILABILITY OF NOoRTH DAKOTA METEOROLOGICAL DATA IS STILL UNKNOWN
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PLANS FOR NEXT QUARTER

' COMPLETE HISTORICAL AREA AND YIELD DATA BASES FOR IOWA
'ACQUIRE AND ORGANIZE [OWA METEOROLOGICAL DATA; COMPUTE COUNTY ESTIMATES
‘CONTINUE ACQUISITION OF A NorRTH DKAOTA DATA BASE

'ASSESS VARIABILITY OF REFINED STRATA TO DETERMINE “OTHER UNIONS OF
COUNTIES"” TO BE TESTED

*‘BEGIN comMPuTATION OF CCEA-TYPE REGRESSION ESTIMATES AT THE VARIOUS LEVELS
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b,

DATA PROCESSING RESEARCH AND TECHNIQUES DEVELOPMENT

Task 2A

DETERMINING THE EFFECTS OF MISREGISTRATION

PauL E. AnuTa

92




TASK 2A. DETERMINING THE EFFECTS OF MISREGISTRATION

OBJECTIVE

DEVELOP MATHEMATICAL MODEL TO REPRESENT TEMPORAL MISREGISTRATION
USING FOURIER ANALYSIS AND IMAGE “PROCESSING TECHNIQUES. THIS
APPROACH WILL THEN BE COMPARED TO CONVENTIONAL CORRELATION

TECHNIQUES.,

ALSO DEVELOP A MATHEMATICAL MODEL TO RELATE CLASSIFICATION ERROR

TO MISREGISTRATION., TEST oN EXAMPLE LACIE TEMPORAL DATA,
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APPROACH AND TASKS

1. DEVELOP AND TEST MODEL FOR MISREGISTRATION

. SPECIFY MODEL FOR MISREGISTRATION USING FOURIER TECHNIQUES

. SELECT TEMPORAL DATA SETS AND TEST MODEL FOR VARYING
MISREGISTRATION

. COMPARE RESULTS TO CONVENTIONAL CORRELATION METHODS

2, DEVELOP AND TEST A MODEL FOR CLASSIFICATION ERROR DUE TO MISREGISTRATION

. DEVELOP ERROR MODEL BASED ON ESTIMATED NOISE VARIANCE DUE TO
MISREGISTRATION

. EVALUATE MODEL ON SEGMENT DATA USING ACAP OR OTHER ERROR-
DETERMINATION METHOD

94




RESULTS IN QUARTER

TEN SEGMENTS SELECTED FOR REGISTRATION ANALYSIS AND TESTING OF
TECHNIQUES.,

MATHEMATICAL DEVELOPMENT OF METHOD FOR ESTIMATING MISREGISTRATION
USING FOURIER ANALYSIS CONTINUED, OPTIMUM REGISTRATION PROCESSOR
USING CONVOLUTIONAL PROCESSING WAS IDENTIFIED FROM PREVIOUS RESEARCH
FOR COMPARISON,

T1PPECANOE COUNTY SEGMENT 854 CORRELATIONS WERE BEGUN TO ESTIMATE
FRACTIONAL MISREGISTRATION USING CORRELATION COEFFICIENT AND CUBIC

INTERPOLATION OF DISCRETE CROSS CORRELATION FUNCTION.

FOURIER TRANSFORM PROCESSING OF REFERENCE AND DIFFERENCE IMAGES
BEGUN., PROBLEMS ENCOUNTERED WITH LARS DHSYS 2-D FFT PROCESSOR.
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TEST SEGMENTS FOR MISREGISTRATION EFFECTS STUDY

TEST SEGMENTS WERE CHOSEN TO ENCOMPASS A VARIETY OF FIELD SIZES, SHAPES, AND CROP
TYPES, TEN WERE CHOSEN AS GOOD SAMPLES OF THESE CHARACTERISTICS. THE SEGMENTS ARE:

ﬁESQEET LocATION CHARACTERISTICS RgéUISITIONS
854 TipPecANOE Co., IND. MeDIuUM FIELD s1zes. NORTH ORIENTED. 14
146 BaLLARD Co., Ky. SMALL FIELDS. RANDOM ORIENTATION, 6
843 Henry Co., IND. SMALL FIELDS. NORTH ORIENTED. 16
837 BenToN Co., InD. MEDIUM TO LARGE FIELDS. NORTH 11
ORIENTATION,
139 KissoutH Co., IowA  LARGE FIELDS, 15
812 - Borivar Co., Miss. LARGE FIELDS. RANDOM ORIENTATIONS. 13
185 TRAVERSE Co., MINN,  LARGE FIELDS, PLUS STRIP FIELDS, 16
241 DeveL Co., S.D. LARGE FIELDS AND STRIP. 16
144 WapeLLo Co., Iowa MIXED LARGE, MEDIUM WITH RIVER VALLEY, 16
367 EMMET Co., lowa LARGE FIELDS. - 16
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ANALYTICAL SOLUTION FOR VARIANCE OF REGISTRATION ERROR ESTIMATE

MODEL FOR REGISTRATION PROCESSOR

z(X,Y)

p(x,v)__ REFERENCE | y(x,v) 6(X,Y)
IMAGE
+
p(x,y)___ TEMPORAL 1 H(x,v) N(X,Y)T
CHANGE IMAGE

6(X,Y) IS EXPANDED IN SECOND ORDER TAYLOR SERIES:
~ N, -~ - ~
c(x,y) = 6c(x,y) + Gy [x-x] + GY(x,Y)[x—x]
~~ -~ -~ ~ -~ 2
+ - - L -
GXY(X,Y)[X x1ly-vl + zexx(x,v)[x X]
— -~ 2
+56(X,Y) [y-v]

WHERE: H(X,Y) IS THE REGISTRATION PROCESSING FILTER

PEAK REPRESENTS
REGISTRATION

POSITION

97



VARIANCE EXPRESSIONS BECOME:

2 2 2
xy Ny = 26yy NyNy + Gyy Ny

A
VARLX-X] =

Loy Gyy -

SIMILARLY FOR Y,

CHOOSING THE MATCHED FILTER FOR H(X,Y) THE VARIANCE IS:

E* (U, v)e™92 T (UXHVY)

H(u,v) = S 0V
hp UV
2
A XY 2
VARI[X-X] = > + By SNR
B. SNR

Y

OF INPUT IMAGE

WHERE: B, = EFFECTIVE BANDWITH oA -
X = 47TJ[[-U |F(u,v)|? pupy

SAp (u,v)

]fﬂu,v)l‘ DUDY
SAp (W)

SIMILARLY FOR Y,
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2
|F(u,v)| DUDV
§§P(U}V)

SNR = SIGNAL TO NOISE RATIO <

THE VARIANCE EXPRESSION SIMPLIFIES UNDER CERTAIN ASSUMPTIONS TO:

A~
(X-X)
' B. SNR

(x¥)?

SNR

FOR THE LANDSAT CASE, THE EXPRESSIONS FOR STANDARD DEVIATION BECOME:

LINE ERROR = (§¥)2

COLUMN ERROR

Wl

SNR

PLOT OF ERROR PRESENTED IN FIGURE 1.
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FIGURE 1. STANDARD DEVIATION OF ESTIMATED MISREGISTRATION
USING MATCHED FILTER REGISTRATION PROCESSOR

LANDSAT MSS CASE

SIGNAL-TO-NOISE RATIO

(REFERENCE IMAGE ENERGY OVER
DIFFERENCE IMAGE ENERGY)
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ESTIMATION OF MISREGISTRATION BY ANALYSIS
OF TEMPORAL DIFFERENCE SPECTRUM

TEMPORAL CHANGE MODELED AS REFERENCE PLUS DIFFERENCE IMAGE
= 4 .
PTZ(I,J) PT](I;J) Z&PT],TZ(I,J)

WHERE :
PT(I,J) IS THE IMAGE PIXEL VALUE AT TIME T FOR ROW I AND COLUMN J

APT T (1,J) IS THE CHANGE FROM TIME T_ TO T
1 '2 1 2

ANALYTICAL ANALYSIS OF MISREGISTRATION BASED ON CONTINUOUS IMAGE. TIME 2

IMAGE ASSUMED MISREGISTERED BYGX COLUMNS AND 6Y ROWS WITH RESPECT TO
TIME 1 IMAGE.,

P, ) = by Ot 8 v+ 80) #Apy o G+ 8,,v+0))

FREQUENCY CONTENT OF IMAGES OBTAINED FROM TWO-DIMENSIONAL FOURIER TRANSFORM:

©0
-J2 77 Cux+vy)
PT(u,v) = J(JrPT (x,y)e t DXDY
2 2
-0
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SUBSTITUTING THE EXPRESSION FOR P WE HAVE:

T,

P+ (u,v) = P; (u,v)eY? W(U(SXJ’V 6Y)+APT . (u,v)ed 2T (U 6x+V 5\()
2 1 1272

WHERE: THE CAP P REPRESENTS THE FOURIER TRANSFORM. U,V ARE THE FREQUENCY
VARIABLES IN CYCLES PER METER.

THE DIFFERENCE SPECTRUM WITH MISREGISTRATION IS THEN:

PTz(u,v) - PT1(u,v) = PT1(U,V)[€‘J2 71'(Uc‘sxﬂ’é\()-d +APT]‘}Tz(u,v)e"zmusxwav)

THE MAGNITUDE SQUARED OF THE DIFFERENCE SPECTRUM I H

2 2

P.I.Z(U,V) - PT](U,V) = PT](u,v)

2 [2-2c032 m(u 5X+v (SY)] +

APT]JTZ(U,V)

+ P (V) AP:VTz(UJV) - Pr (uw) AP:

e (U,V)e_d 2 7 (u 5X+V 5Y)‘
1 2

1

+ APTWTZ(U,V)P:] (u,v) -APT]’TZ(U,V)P; (u,v)ed TT(U5X+V5Y)
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1
. THE ANALYTICAL MODEL IS BASED ON PREVIOUS EVIDENCE THAT THE LANDSAT
AGRICULTURAL SCENE AND THE TEMPORAL DIFFERENCE IMAGE HAVE A MARKOF
OR NEGATIVE EXPONENTIAL AUTOCORRELATION. THE ACF 1S THEN OF THE FORM:

R(T T,) = e-al|--BI7, |

AND THE SPECTRAL DENSITY:

_ 2| 20
s(u,v) = A [C(Z+(21TU)7] [,B2+(27Tv)2]

, A SKETCH OF THE DIFFERENCE SPECTRUM IN ONE-DIMENSION NEGLECTING CROSS TERMS
IS SHOWN IN FIGURE 2.

:
M. SvepLow, C. McGiLLEM, P, AnuTA, "ANALYTICAL AND EXPERIMENTAL DESIGN AND

ANALYSIS OF AN OPTIMAL PROCESSOR FOR IMAGE REGISTRATION,” LARS INFORMATION
NoTe 090776, Sept. 1976,
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FIGURE 2.

TEMPORAL DIFFERENCE SPECTRUM WITH MISREGISTRATION

|

2 2
lPT](U)l IZXPT T (u)l

1772

(2-2cos2My 5X)

S

— ~ U
P

SPATIAL FREQUENCY

!

//T~\\<

2
AP, (u)‘
l hoT,

2
P W) (2-200527T g, )
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PLANS FOR NEXT QUARTER

COMPLETE DEVELOPMENT OF MISREGISTRATION MODEL.

DeBuc 2-D FOURIER TRANSFORM PROGRAM AND COMPUTE REFERENCE (PT])
AND DIFFERENCE (Z&PT1,T2) TRANSFORMS FOR TEST SEGMENTS.

WRITE SOFTWARE FOR ANALYSIS OF THE DIFFERENCE SPECTRUM AND
PROCESS TEST CASES.

COMPARE RESULTS FOR SPECTRAL DIFFERENCES METHOD TO CONVENTIONAL
AND OPTIMUM CORRELATOR TECHNIQUES.,
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2A. Determining the Effects of Misregistration
1979 1980

Dec. |Jan. |Feb. Mar.| Apr.| Ma June July u SeptJ O

Prepare Implementation Plan

Define and Acquire Test Data Sets

Complete Definition of Misregistra-

tion Model

Develop Software of Evaluation Model

Analyze and Verify Misregistration

Model

Develop Model for Clasgsification Error

Due to Misregistration

Reporting ,
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Task 2C

ADVANCED CLASSIFICATION METHODS

PHILIP H. SwAIN, Davip A. LANDGREBE, HOWARD J. SIEGEL
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TASK 2C1. MULTISTAGE CLASSIFICATION

OBJECTIVE
To DEVISE MEANS FOR IMPROVEMENT IN CLASSIFICA-
TION PERFORMANCE, ESPECIALLY FOR MORE COMPLEX
DATA, THROUGH THE USE OF MULTISTAGE CLASSIFI-
CATION TECHNIQUES,
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POTENTIAL BENEFITS

1. MORE EFFICIENT USE OF CLASSIFIER COMPUTATION

2. MORE ACCURATE CLASSIFICATION FOR A GIVEN AMOUNT
OF COMPUTATION

3. MORE EFFECTIVE USE OF MULTITEMPORAL DATA
4, DEVELOPMENT OF FLEXIBLE CLASSIFIER MODELS FOR

INCORPORATING MULTITYPE (SENSOR AND ANCILLARY)
DATA |
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NEAR-TERM OBJECTIVES

A. DETERMINE SUITABLE FEATURE SELECTION METHODS

B. DEVELOP A SATISFACTORY TRAINING PROCEDURE

C. Devise A DECISION TREE DESIGN ALGORITHM
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*

WORK ACCOMPLISHED

A,

#*

SIMULATION OF DATA SET

SOME EXPERIMENTATION ON EFFECT OF THE
MEASUREMENT COMPLEXITY ON ACCURACY

TRAINING PROCEDURE COMPLETED

INVESTIGATION OF DIFFERENT, PREVIOUSLY
USED, ERROR ESTIMATORS

SEE SEPARATE OVERLAY
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SIMULATION OF DATA SET

PROVIDES A COMPLETELY DOCUMENTED DATA SET

REDUCES NUMBER OF VARIABLES IN DATA,
PROVIDING MORE CONTROL

PROVIDES BETTER UNDERSTANDING OF PARAMETERS

AFFECTING DATA, AS ALL ASSUMPTIONS OF
NORMALITY ARE MET
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PLANS FOR NEXT PERIOD

A. INVESTIGATION OF "HUGHES PHENOMENA"” IN GREATER
DETAIL, WITH POSSIBLE UNDERSTANDING OF WHEN IT
OCCURS QUANTITATIVELY

B, CONTINUATION OF DEVELOPMENT OF A TREE DESIGN APPROACH

C. DEPENDING ON “A,"” DEVELOPMENT OF A NEW FEATURE
SELECTION TECHNIQUE
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2C2, CONTEXTUAL CLASSIFICATION

POTENTIAL BENEFITS

1,

INCORPORATION OF SPATIAL INFORMATION TO IMPROVE CLASSIFICATION ACCURACY

EXPLORATION OF USE OF POWERFUL MULTIPROCESSOR SYSTEM FOR EARTH RESOURCES
DATA ANALYSIS

DEVELOPMENT OF METHODS FOR IMPLEMENTING AND EVALUATING IMAGE DATA ANALYSIS
ALGORITHMS ON PARALLEL PROCESSING SYSTEM

EvaLuaTionN oF CDC CyBER-IKON SYSTEM FOR CONTEXTUAL CLASSIFICATION

ANALYSIS OF WHICH ARCHITECTURAL FEATURES OF ADVANCED COMPUTER SYSTEMS ARE
MOST IMPORTANT FOR EFFICIENT CONTEXTUAL (AND OTHER FORMS OF) CLASSIFICATION
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OBJECTIVES '

1. REFINE CONTEXT DETERMINATION AND REPRESENTATION METHODS
2. DEVELOP METHOD FOR DETERMINING THE OPTIMAL CONTEXTUAL CONFIGURATION

3. DeVELOP MORE EFFICIENT IMPLEMENTATION OF THE CONTEXTUAL CLASSIFIER
FOR CONVENTIONAL COMPUTERS

4, INVESTIGATE INCLUSION OF NONSPECTRAL FEATURES

5. EvALUATE CYBER-IKON IMPLEMENTATION OF THE CLASSIFIER
== THROUGH SIMULATION
-- ON REAL CYBER-IKON SYSTEM

6. CONSIDER LARGE-SCALE MULTIMICRCPROCESSOR IMPLEMENTATIONS
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SECOND QUARTER ACCOMPLISHMENTS

ALGORITHM DEVELOPMENT

1, CoNTEXT MEASURE FOR PREDICTING BEST CONTEXT CONFIGURATION TESTED

EXTENSIVELY ON ONE DATA SET; TESTS BEGUN ON SECOND DATA SET.

2. "POWER METHOD"” FOR CLEANING UP CONTEXT ESTIMATION TESTED SIMILARLY.,

SEE "CONTEXT DISTRIBUTION ESTIMATION FOR CONTEXTUAL CLASSIFICATION OF MULTISPECTRAL
IMAGE DATA,"” BY J. C, TiLton, P, H., SwaIN, AND S. B, VARDEMAN, LARS TecHNICAL REPORT
040280 (AGRISTARS reporT No. SR-P0-00444), ApriIL ;980.
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Discriminant: for aejA, §;xp

p .
g, (X) -_-Z [T p0sleg) | plw)
e

W i=a

Example:

RO

p=23
2 classes (r,s) x1'“’1

Xgrlg

, 2
gg (X) = mz ;I_Z) P(X_ |u.) | p(w)
' w;=s

= p(xoIs)p(xllr)p(ler)p(s,r,r)'
+ p(xoIS)p(xll;:)p(xz'ls)p(s,r,s)
+ p(xo|s)p(xlls)p(ler)p(s,é,r)

4 p(Xy[s)p(x, [s)p(X,[s)pls,s,5)
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CONTEXT MEASURE

If we oP (p-context array), write

p(w) £ 6(oP)

Suppose G(?F) can be factored:
a(@®) = 6 @ - 6, ("™

Then the discriminant functions can also be factored:

= d,, . P~d
ga(_}_(_) = gl(xolxll-'-rxq_lrcl(Q )) 92(eru-,xp_l:G(Q ))

where the second factor is common to all discriminant functions and

may be dropped -- i.e., the p-q cells represented by this term are not

contextually significant.
QUESTION: Test for factorability?

Proposed "context measure" (of factorability):
m

| L 2
Ac;g = Z i [Gl(ﬂq) . G_,_(fzp 9y - G(Qp)]
=1 k=1 v

If AGS is large, then G is not factorable in this way.
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POWER METHOD

Raising G(Qp) (cell-by-cell) to a power o > 1
emphasizes large values, discriminating against

smaller (less reliable) wvalues.
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FIGURE 2. Power method results using two-
nearest-neighbors (north and east) context
on Bloomington, IN data set. Context dis-
. tribution, G(8P), estimated from uniform-
priors no-context distribution.
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SECOND QUARTER ACCOMPLISHMENTS (coNnT,)

CyBER-IKON IMPLEMENTATION

3, [EXPONENT RANGE PROBLEM SOLVED BY SOFTWARE IMPLEMENTATION OF MULTIPLE-
PRECISION EXPONENT

4, CoMPLETED TESTS OF MAXIMUM-LIKELIHOOD ALGORITHM ON CYBER-IKON SIMULATOR

i

5, LINEAR-NEIGHBORHOOD VERSION OF CONTEXTUAL CLASSIFIER IMPLEMENTED ON
CYBER-IKON SIMULATOR, TESTS IN PROGRESS

6. CYBER-IKON WORK TO DATE EXTENSIVELY DOCUMENTED IN EE MASTER'S THESIS
(TO APPEAR AS TECHNICAL REPORT)
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PROBLEMS ENCOUNTERED

ALGORITHM DEVELOPMENT

1. PROPOSED CONTEXT MEASURE IS ONLY A WEAK PREDICTOR OF OPTIMAL CONTEXT
CONFIGURATION; EVALUATION CONTINUING

2. "PoweR METHOD” LOOKS PROMISING, BUT NOT THE FINAL ANSWER TO IMPROVING
CONTEXT ESTIMATION

CYBER-IKON IMPLEMENTATION

3. Work REQUIRED FOR CONTEXT CLASSIFIER IMPLEMENTATION ON SIMULATOR HAS
DELAYED IMPLEMENTATION OF INTER-PROCESSOR COMMUNICATION

4, PDP-11/34 coNFIGURATION AT LARS IS NOT ADEQUATE FOR PRACTICAL EXECUTION
OF CYBER-IKON SIMULATOR

5. No PROGRESS TOWARD HARDWARE CYBER-IKON IMPLEMENTATION
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PLANS FOR THIRD QUARTER

ALGORITHM DEVELOPMENT

1. CONTINUE EVALUATION OF “POWER METHOD” IN FULL BOOTSTRAP APPROACH TO
CONTEXT DISTRIBUTION ESTIMATION

2. PURSUE SEARCH FOR PREDICTOR OF OPTIMAL CONTEXT CONFIGURATION
3. RESUME EVALUATION OF APPROXIMATE ALGORITHMS

4, INVESTIGATE USE OF INFORMATION CLASS CONTEXTUAL DISTRIBUTION IN PLACE
OF SPECTRAL CLASS DISTRIBUTION

5. BEGIN CONSIDERATION OF HYBRID ALGORITHM FOR SELECTIVE APPLICATION
OF CONTEXTUAL CLASSIFIER
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PLANS FOR THIRD QUARTER (conT.)

CyBer-IKoN IMPLEMENTATION

6. COMPLETE TEST AND EVALUATION OF LINEAR-NEIGHBORHOOD CONTEXTUAL

CLASSIFIER ON CYBER-IKON SIMULATOR

7. IMPLEMENT GENERALIZED NEIGHBORHOOD VERSION OF CONTEXTUAL CLASSIFIER

ON CYBER-IKON SIMULATOR

8. ADD INTER-PROCESSOR COMMUNICATION FACILITIES TO THE CYBER-IKON

SIMULATOR

9. PURSUE HARDWARE IMPLEMENTATION QUESTIONS
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TASK 2E

AMBIGUITY REDUCTION FOR TRAINING SAMPLE LABELING

D.A. LANDGREBE
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TASK 2E. AMBIGUITY REDUCTION
FOR TRAINING SAMPLE LABELING

OBJECTIVE
To DEVISE AND DETERMINE QUANTITATIVE AND OBJECTIVE MEANS
FOR OPTIMALLY ARRIVING AT CLASSIFIER TRAINING DOT, FIELD,
OR OBJECT LABELS USING REMOTELY SENSED OBSERVATIONS THEM-
SELVES TOGETHER WITH ANY OTHER TYPES OF ANCILLARY DATA AND
KNOWLEDGE WHICH MAY BE AVAILABLE.
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APPROACH RATIONALE

- ANCILLARY DATA MAY BE SUBJECTIVE, IMPRECISE AND
SELF-CONFLICTING

- APPROACH TO PROVIDE "CONVERGENCE OF EVIDENCE”
RATHER THAN SIMPLE DIRECT CALCULATION

- RELAXATION METHODS CHOSEN FOR STUDY
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PREVIOUS TASK RESULTS

REVIEW RELAXATION METHOD WORK IN PICTURE PROCESSING
IMPLEMENT TRIAL SOFTWARE

LABEL DEGRADATION IDENTIFIED AS A PROBLEM

SoLuTION: RULES FOR SETTING NEIGHBOR WEIGHTS
"SUPERVISION” A MECHANISM FOR INCORPORATING OTHER
ANCILLARY DATA
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- CURRENT WORK

- EXTEND SOFTWARE TO MULTILABEL CASE
- TesT
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ANCILLARY DATA USED TO SUPERVISE
THE LABEL RELAXATION PROCEDURE

P(W)

P(B)

P(-)

400

200

400

200

.200

.600

3
3
6

ROWS

ROWS

ROWS

ROWS

ROWS

ROWS
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NEXT

- FURTHER TRIALS WITH MULTILABEL
- CHARACTERIZATION OF ANCILLARY DATA CLASSES
- APPLICATION SCENARIO
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REFERENCE REPORTS (DELIVERABLES)

RicHarDS, J. A., D. A. LANDGREBE, AND P. H. SWAIN,

"prxeL LABELING BY SUPERVISED PROBABILISTIC RELAXATION",
LARS TecHNIcAL ReporT 022580, IEEE TRANSACTIONS ON PATTERN
ANALYSIS AND MACHINE INTELLIGENCE, TO APPEAR

RicHARDS, J. A., D. A. LANDGREBE, AND P. H. SwAIN,
"ON THE AccurAcY oF P1xeL ReLaxation LABeLING”, LARS
TecHnicAL Report 030180
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5. COMPUTER PROCESSING AND DATA BASE SUPPORT

Task 3A

COMPUTER PROCESSING SUPPORT

James L, KasTt
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COMPUTER PROCESSING SUPPORT

OBJECTIVE: PROVIDE JSC AND ITS ASSOCIATED RESEARCH COMMUNITY WITH THE
ENVIRONMENT NECESSARY FOR THE IMPLEMENTATION OF A SHARED DATA
PROCESSING SYSTEM FOR RESEARCH OF REMOTE SﬁNSING.

PURDUE’'S SUPPORT HAS INCLUDED:

*

A COMPUTER AND SUPPORTING HARDWARE
SOFTWARE

#*

*

DATA
PERSONNEL
PROCEDURES
TRAXNING
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THE FuLL IMPLEMENTATION OF A SHARED DATA PROCESSING ENVIRONMENT

(NETWORK OR CENTRALIZED FACILITY) WouLD PROVIDE THE FOLLOWING POTENTIAL
BENEFITS:

3

THE OPPORTUNITY TO BETTER MOLD GEOGRAPHICALLY-DISPERSED RESEARCH
GROUPS INTO A MORE INFORMED AND INTEGRATED RESEARCH TEAM;

A MECHANISM FOR EFFICIENT TRANSFER OF INFORMATION BETWEEN RESEARCH
CENTERS, NASA, AND OTHER PARTICIPATING GOVERNMENT AGENCIES;

FASTER, LESS REDUNDANT SOFTWARE DEVELOPMENT;

FASTER TRANSFER OF NEWLY DEVELOPED ANALYSIS TECHNIQUES AND RESEARCH
RESULTS TO AND FROM PARTICIPATING RESEARCH GROUPS;

CONCENTRATION OF SYSTEMS PROGRAMMING, DATA ACQUISITION, DATA

BASE AND CERTAIN COMPUTER SERVICES AT A SMALL NUMBER OF LOCATIONS
(FREQUENTLY ONE).

JLK:12/4/79
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IN ORDER For A ProMISING NEw ANALYSIS TECHNIQUE To BE SHARED, WITHIN
THE RESEARCH CoMMuNiTY, RECIPIENTS OF THE NEw TecHNique MusT Have:

ACCESS TO THE SOFTWARE SUPPORTING THE TECHNIQUE;
ACCESS TO HARDWARE WHICH SUPPORTS THE SOFTWARE;
AcCESS TO THE DATA REQUIRED BY THE TECHNIQUE;

A TECHNICAL UNDERSTANDING OF THE TECHNIQUE; AND

»

KNOWLEDGE OF HOW TO OPERATIONALLY USE THE IMPLEMENTATION (SOFTWARE
AND PROCEDURES).

JLK:12/4/79
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o
EXPAND THE SHARED DATA PROCESSING ENVIRONMENT
TO MORE FULLY INCLUDE ERIM anp FCPF,

HELP PREPARE FOR THE INSTALLATION OF A U4341-cLASS
coMPUTER AT JSC/EQD.

SUPPORT THE DESIGN AND DEVELOPMENT oF ERSYS

2/11/80
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Computer Processing Support
3031-equivalent CPU Consumption
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COMPUTER RESOURCES CONSUMED

Dec '77 Noy '78 Mov ‘79 May’80

JSC Users 26 71 96 144

ToTaL ID's 29 a5 123 174

3031 CPU Hours, *YEAR ENDING 23 231 458 1076
5/12/80
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EODLS/ERSYS SupporT

ACCOMPLISHMENTS:
*RaN ASTEP BENcHMARKS oN THE 3031 unper VS1, VM/VS1, VM/CMS (APrIL)

*REVIEWED AND PREPARED BENCHMARKS FOR DISTRIBUTION (May)
*TesTeD THE EFFECTS oF VMCF usaAGe oN THE sYsTEM (May)
*ReVIEWED AND COMMENTED ON ERSYS SysTems DEsieN PrResentTaTion (MAY)
*HosTED Two IBM REPRESENTATIVES FOR DATA BASE DISCUSSION & HANDS-ON
CMS ExPERIENCE (MARCH)
*ATTEMPTED TO IDENTIFY MAJOR TASKS REQUIRING COMPUTATIONAL
RESOURCES (APRIL)
*IDENTIFIED COST OF DOCUMENTATION AND STANDARDIZATION OF LARS uTtILITY
PROGRAMS, (APRIL)

*IDENTIFIED TRAINING OPTIONS AND COSTS FOR A SECOND CMS SHORT COURSE
AT JSC, (APRIL)

5/12/%0
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EODLS/ERSYS SupporT (CoNT.)

PLANS:
*SECURE FUNDING TO ALLow ERSYS DEVELOPMENT TO PROCEED ON THE
Purpue MacHINE (JuNE)
*CoNTINUE CoNsULTING SupPorRT FOR ERSYS DEVELOPMENT
*Ass1sT IN INSTALLATION oF ERSYS DBMS (AucusT)
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ASTEP BENCHMARK TEST CONDITIONS:

*RUNS WERE MADE ON AN OTHERWISE IDLE SYSTEM
*THREE OPERATING SYSTEM ENVIRONMENTS WERE COMPARED,

- VM/CMS

- 0S/VS1 RUNNING IN A VIRTUAL MACHINE

- 0S/VS1 RUNNING IN NATIVE MODE ON THE REAL MACHINE
*ToraL CPU UTILIZATION FOR EACH SET OF RUNS ON THE LARS 3031
WAS APPROXIMATELY 150 MINUTES

5/12/80
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VMCF TesTING
*SEND/RECEIVE PROTOCOL USED
- SOURCE MACHINE SENT 256 BYTE MESSAGE CONTAINING
SIZE OF BLOCK TO RETURN
- SINK MACHINE RETURNED BLOCK OF REQUESTED SIZE
(256, 512, 1K, 2K, 10K, ..., 100K)
- 1000 REQUESTS WERE MADE AT EACH RETURN BLOCK SIZE
*INITIAL RUNS MADE IN A BUSY SYSTEM (19 AcTive users, 1007
CPU UTILIZATION) INDICATED LITTLE IMPACT ON OTHER USERS.
*TIMING DATA WERE COLLECTED WITH ONE SOURCE AND ONE SINK MACHINE
IN AN ESSENTIALLY IDLE SYSTEM - THROUGHPUT WAS ABOUT 2 MEG/SEC,
*QUANTITATIVE DATA ON EFFECT ON OTHER MACHINES IS YET TO BE
GATHERED,
- SYNTHETIC WORKLOAD TO BE CONSTRUCTED WITH BUILT IN
INSTRUMENTATION AND REPEATABILITY

5/12/%0 145




THE SEND/RECV PROTOCOL

The SEND/RECV protocol defines a transaction <calling for two-wvay
transfer of data, as described in Figure 16. The SEND/RECV protocol
uses the SEND/RECV, RECEIVE, and REPLY subfunctions.

The source virtual machine initiates the transaction using  the
SEND/RECV subfunction. Using an external interrupt, CP notifies the sink
virtual @wmachine that there is a message wvaiting. The sink virtual
machine uses the RECEIVE subfunction to cause the data to be transfered
from the source virtual machine's storage to the sink virtual machine
storage. The sink virtual machine nov uses the REPLY subfunction to
cause data to be transferred from 1its storage to the source virtual
machine's storage. When the REPLY subfunction completes processing, CP
causes an external interrupt in the source virtual machine, notifying it
that the transaction is complete.

The SEND/RECV request requires that -the source virtual machine
specify the address and length of the data to be transferred and the
address where data is expected from the REPLY subfunction. (Both
addresses are in source virtual machine storage.) These addresses,
along with the length of the data to be transferred, are specified via
the VMCPARM parameter list, described below.

When RECEIVE is issued by the sink virtual machine in response to the
SEND/RECY request, VMCPARM contains the address in sink virtual machine
storage where data is to be received. Finally, when the REPLY request
is issued, VMCPARM contains the address in the sink virtval wmachine
storage from which data is to be transferred.

CONTROL PROGRAMN

r R
| DMKVMC |
F 4
| VMCF i
| Interface |
[ Module t
[ I ]
(R
Source | | Sink
Virtual [ Virtual
Machine t Machine
I
U |
SEND/RECV—->—~—m—mmm=— >
[
| |--External Interrupt——---—-— >
I
| <= e e RECEIVE
|
————————————————— >Data Transfer---—--s-—---------->
(N
I 1< {-—————-= REPLY
(|
G ittt Data Transfer-—-——-- (rmmmmmmmm

! |

<{--External Interrupt--| |
(Final Response) (.

!

150 1IBM VM/370 Systeam Programmer's Guide

146



Usineg VMCF

ByTes TRANSFERRED PER MiLISECOND OF ToTaL CPU Time
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2000
1800
1600
1400
1200
1000

800

600

BLOCKSIZE

1

ByTES TRANSFERRED PER MILISECOND oF ELAPSED Time Using VMCF

w0
LM
N

512

1024

2048

10240

20480

30720

40960

51200

%

ML

61440

71680

81920

92160

102400
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HARDWARE
ACCOMPLISHMENTS:
33502 Disk InsTALLATION (APRIL)
3705 ExpanSION (MARCH)
E1GHT ADDITIONAL PORTS INSTALLED FOR JSC usace (May)
FOUR PORTS AND PHONE LINE INSTALLED FOR ERIM (May)
DecisioN To supPORT 3330 pIsks REVERSED (APRIL) i
RELATED ACCOMPLISHMENTS: '
EqQuiPMENT RECEIVED FOR THE LARS IMAGE ANALYSIS STATION

PLANS:

|
|
SecURE DEFENSE PRIORITY FOR ACQUISITION OF A NEW MAINFRAME
AT LARS (SepT)

INSTALL ERIM/LARS/JSC/OTHER NETWORKING CAPABILITY (JAN '81) ‘
RELATED PLANS:
. RE-ORGANIZE & UPGRADE COMMUNICATIONS HARDWARE AT LARS (JunE-JuLY)

TAPE SYSTEM UPGRADE TO HANDLE 6250 BrP1 (Nov)

RE-ORGANIZE MACHINE ROOM FOR EVENTUAL MACHINE REPLACEMENT (OcT)

INSTALL NEW MAINFRAME AT LARS (Fer ‘81)

5/12/90
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3031 Hardware Configuration

3330**® have 184 megabytes per disk

1

IBM 3031
and Main Storage
{2 Megabytes|
Chan | Chan | Chan | Chan | Chan | Chan
0 1 2 3 4 5
| |
1 ]
3036 1BM 3830 3036 4507 3803 3803
Operator’s Storage Alternate “ Controt Tape Tape
Conscle — Controi Unit Operator's Console| Unit Control Control
Co1 c 201 Uniit Unit
| il
3350* Disk Units § 800/
Display BPI
SRF SRF 3% 460 SDO
2540 > > o
RDR 002 202
00C
150 151 800/ 1600
1600 BRI
BRt 5D1
4C1
- 2540 2821 CDC 38301
Punch Control - Storage et
00D Unit Control Unit
1600
T BPI
| ] 5D2
1403
Printer 3330°* Mod 11 Disk Units 3350® Disk Units
OOE " 1600
3705 — |~— A~ |~ BPI
Communications | | 5D3
Control Unit 291
020-07F
1600
BPI
3286 3272 4C4
Printer Co it [~ 3350% have 266 megabytes per disk
010 ntrol Unit ve mega pe

4:3/80
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Flex 1
infoton GTX flex 1 i
Flex 1
infoton GTX Dex 1
L
Flex 1
infoton GTX 200555
parovsenmy
Flex 1
DECwriter LA3E6 == =
300 BPS
—
Flex 1
Data 100
(2780 Emulator) 9600 BPS
Infoton GTX Flex 2 2400 BPS
Infoton GTX Flex 2 2400 BPS
Infoton GTX Flex 2 2400 BPS
Infoton GTX Flex 2 2400 BPS
infoton GTX Flex 2 2400 BPS
infoton GTX Flex 2 2400 BPS
infoton GTX Flex 2 2400 BPS
t Flex 2 300 BPS
DECWI’::::I:Z(S) Flex 2 9600 BPS
(2780 En::lato.r) Flex 2 9600 BPS
extronix
Dial 317 463-7551 ';'I:x Z g:uug x:zz:
Dial 317 463-7552 24
Dial 317 463-7553 Flex 2 Baud Detect
ect
Dial 317 463-7554 ::: 2 :t:; z:ect
Dial 317 463-7555
in House Dial 230 Flex 2 Baud Detect
In House Dial 300 Flex 2 Baud Detect
Flex 2 9600 BPS

—4—ZC roI—HZo0 NZ0——Hp0O—ZCZZ00 G0~

PDP 11/34 (LITER)
(2780 Emulator)

JSCTexas

9600 BPS

Houston
9600 BPS

7200 BPS

Alabama A&M

7200 BPS

St. Regis

Data 100
(HASP Emuiator)

Trendwrit
'nendw”tg:
Hardcopy Terminal
Hardcopy Terminal

Dial 713 483-2084
Dial 713 483-2085
Dial 713 483-2086
Dial 713 483-2087

Data 100
(HASP Emulator)

Data 100

(2780 Emulator)
TI/CRT

Ti/CRT

infoton GTX
e Infoton GTX
pe DECwriter LA36

Spare
Spare
Spare

4800 BPS

ERIM

9600 BPS

oo Data 100

(2780 Emulator)

DECwriter LA36

IBM 3776
(2780 Emulator)

Data i00

(HASP Emulator)
——CRT

b—CRT

——CRT

e DECwriter LA36

DModem OMuhiplexer
4/3/80
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ERIM

LARS

JSC
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EOD TERMINAL NETWORK

- M x
(o}
S e el | s | |s S
: T| ™ WilT T T
A A A A
T T T T
M M M Lame o M
X X X E Q X
o : ' DATA 100
PRINTER
READER
PUNCH
5 Y
3705 g D 3705
| _ M M '
DATA 100 l |
TAPE UNIT

PRINTER _ 3031 . JSC
READER SYSTEM / | \SYSTEM/ D%E@é%"

ERIM LARS JSC
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SOFTWARE

ACCOMPLISHMENTS
*CoNsTRUCTED A BARE-MAcHINE 0S/VS1 SysTEM (MARCH)
*INsTALLED EpiTiON 7, Mop 1 oF IMSL (APRIL)
*IDENTIFIED STATUS OF THE LARS UTILITY SOFTWARE OF INTEREST
10 JSC (APRIL)
*Mop1F1ED CSMP 710 RUN UNDER CMS (APRIL)
*INSTALLED SAS RELEASE 79.3 IN TEST MoDE (MaY)
*UppaTED EP, CP, CP AccounTinNG, ETC. FOrR JSC & ERIM PorT ExpansIons ([ay)
*COMPLETED REPROGRAMMING OF RESOURCE REQUEST SYSTEM (May)
RELATED ACCOMPLISHMENTS:
*InsTaLLED VM ReLease 6, PLC 8 (ApriL)
PLANS:
*PRODUCE A USER-FRIENDLY TAPE TRANSFER CAPABILITY (JUNE)
*DeveLop A Disk AccounNTING SYSTEM For JSC (JuLy)
*InsTALL RSCS Hetworking (DEc)

5/12/30
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SOFTYWARE (ConT)

RELATED PLANS:
*DPRESENT BATCH SYsTEM DESIGN (JUNE)

*INsTALL NEW BaTcH SysTem (Nov)
®*AcauIlrRe SAS GrapH (JuLy)

5/12/80
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RT&E DATA BASE

ACCOMPLISHMENTS:
*Rece1vep, VErRIFIED, AND ENTERED THE US CaLENDAR YEAR 1978
SEGMENT DATA (MARCH)
*DESIGNED AND IMPLEMENTED THE DoT GROUND INVENTORY SYsTEM (May)
*DESIGNED TECHNIQUE FOR INVERTING HisToricAL MET SynopTic Data
Rece1vep & VeriFI1ED 1975 MET Data (May)
*Mop1F1ED SEGMENT CATALOG ORGANIZATION TO REDUCE MAINTENANCE
Costs (May)
*REORGANIZED TAPE LIBRARY (MARCH)
PLANS:
*RECEIVE, VERIFY, AND ENTER CrRoP YEAR 2979 Imace Data (JuLy)
*INVERT SELECTED MET SynopTic Data (JUNE)

*CoMPLETE DoT GROUND INVENTORY SYSTEM AND TRAIN JSC PERSONNEL (JUNE)

*INVESTIGATE INCLUSION OF GEOGRAPHIC VARIABLES INTO SEGMENT
CataLos (Aug)

5/12/80
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USER

DOTQUERY

Segment Catalog Dot

Dot Inventory System Flow

DOTEDIT
Input and Update
User Dot Files

Data Base Query

DATA BASE MANAGER

DOTINIT

Create a Skeletal
Dot Data File on
User Disk

FORMS

VERIFY

Read a User File and

Verify Correctness

Dump File Grid

to Printer

SUBMIT

Send Completed
[User Dot File
to D.B. Manager

DOTBUILD
Insert Valid User
Dot File Into SR&T

Data Base

MAIL

_ Notify Analyst of
Data File Status
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Dot DaTA Base

USER CALLABLE SUBROUTINES WILL BE PROVIDED TO ALLOW ANALYSIS PROGRAMS
DIRECT ACCESS TO DOT DATA:

CRPNAM
CRPNAM wILL READ IN THE CROPS NAMES CODES LIST STORED ON THE
DATA BASE DISK. THE LABEL INDEXES PASSED IN GETDOT poINT TO
THESE ENTRIES.

DOTED
DOTFO seArRcHES THE RT&E DATA BASE FOR SELECTED INFORMATION
CONCERNING THE SEGMENT NUMBER SPECIFIED.

GETDOT
THIS SUBROUTINE WILL SEARCH THE SEGMENT CATALOG FOR THE SPECIFIED
Dot LABEL FILE AND FILL ARRAYS WITH LABEL INFORMATION,

5/12/30
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CONSULTING, TRAINING & COMMUNICATION

ACCOMPLISHMENTS:
*PRESENTED A SHORT Course AT ERIM (May)
*V1s1TING CONSULTANT TrRiP (APRIL)
*CoNTRIBUTED ArTIcLES To SCANLINES & SRTNEMWS
*HosTep ERIM HanDs-on CMS visiT
PLANS:
*CompLETE CMS TAPE/SLIDE PRESENTATIONS (JuLy)
*V1sI1TING CONSULTANT TRIP (JUNE)
*Not DATA BASE USER INSTRUCTION (JUNE)
*PuBL1SH MAJOR OPERATING AND APPLICATIONS SYSTEMS
MopiF1cATIONS IN SRTNEWS anp SCANLINES
*HosT JSC AanND/0orR IBM PERSONNEL WISHING TO ACQUIRE DIRECT EXPERIENCE
WITH THE POLICIES, PROCEDURES AND TECHNIQUES LARS uses To
MAINTAIN AND UPGRADE I1TS VM SYSTEM

5/12/80
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EVALUATION

THe CoMPUTER PROCESSING SuPPORT TASK HAS SERVED AS A

"P1LOT” FOR THE CONCEPT OF A SHARED DATA PROCESSING

ENVIRONMENT FOR THE RESEARCH OF REMOTE SENSING OF
AGRICULTURE,

TH1s TASK HAS PROVIDED EVIDENCE THAT-SUCH AN ENVIRONMENT
PROVIDES: |

USER ACCESS, AT ALL USER LOCATIONS, TO THE DATA, SOFTWARE
AND DOCUMENTATION CONTAINED IN THE SHARED ENVIRONMENT.
SHARING EXPENSIVE HARDWARE COMPONENTS AT A COST ADVANTAGE,
SHARING OF SOFTWARE ALLOWING FLEXIBILITY IN SOFTWARE
MAINTENANCE, ALTERATION, AND AUGMENTATION AT A COST
ADVANTAGE OVER INDEPENDENT, NON-COMPATIBLE SYSTEMS.

EASE OF TRAINING USERS AND SHARING NEW TECHNIQUES THROUGH

STANDARD DATA FORMATS, TERMINOLOGY, AND COMMUNICATIONS
CHANNELS.,

JLK:12/4/79
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[sSUES

*TEKTRONIX Hook-up AT JSC wouLp ALLow SASGRAPH usaGe.

*IBM FSD & NASA PERSONNEL SHOULD BE STATIONED AT LARS For
A MONTH TO SIX WEEKS TO LEARN How THE LARS COMPUTER FACILITY
IS MAINTAINED (SYSTEMS, ORGANIZATION, PROCEDURES, ETC,)

*STAaTUS ON CosT ExTEnNsIONs (CURRENT MeT DATA Basg, ERSYS
DEVELOPMENT, ETC.)

*UsaGE TRANSITION PLANS FOrR 1980 ARE NEEDED,

*STEPS SHOULD BE TAKEN TO LIMIT USAGE AND/OR SECURE MORE FUNDING.

*WHEN WILL DOCUMENTATION STANDARDS AND PROGRAMMING CONVENTIONS BE
ESTABLISHED FOR ERSYS?

*WHAT 1S THE LONG-TERM ROLE OF THE LARS CompuTER FACILITY FOR
AGRISTARS?

*AN AGRISTARS DATA PROCESSING NETWORK INCLUDING USDA & POSSIBLY
NOAA SHOULD BE INVESTIGATED.

*ADVANCED PLANNING FOR EQUIPMENT AND FUNDING IS NEEDED,

5/12/80
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TASK 3B

FIELD RESEARCH DATA BASE MANAGEMENT & DISTRIBUTION

LARRY BIEHL AND NANCY FuHs
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38, FIELD RESEARCH DATA BASE MANAGEMENT & DISTRIBUTION

OverALL OBJECTIVE

ASSURE TIMELY AVAILABILITY TO RESEARCHERS OF THE JOHNSON SPACE
CENTER FIELD RESEARCH DATA STORED AT PurDUE/LARS.
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3B, FIELD RESEARCH DATA BASE MANAGEMENT & DISTRIBUTION
SpeciFic OBJECTIVES FOR 1980 (AND COMPLETION DATE OR TARGET COMPLETION DATE)
1. DISTRIBUTE FIELD RESEARCH DATA FOR ALL APPROVED REQUESTS

2. MAINTAIN AND UPDATE PRESENT DATA BASE
+ INcLUDE BALANCE oF 1979 pata (5/30/20)
+ INcLupE AvAILABLE 1980 (11/30/80)
: ADD ADDITIONAL IDENTIFICATION INFORMATION TO soILs DATA (//1/80)

* ADD ADDITIONAL IDENTIFICATION INFORMATION TO CROP DATA (11/30/80)

3. REVISE AND UPDATE FIELD RESEARCH cATALoc (7/15/80 & 11/30/80)
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SpecIFIC OBJECTIVES FOR 1980 (AND COMPLETION DATE OR TARGET COMPLETION DATE) CON'T.

4, SoFTWARE DEVELOPMENT & DOCUMENTATION
+ PROCESSING SOFTWARE
+ Revise FSS SOFTWARE FOR MORE EFFICIENT HANDLING OF THE DATA (compLETED 3/1/80)
+ UPDATE DOCUMENTATION FOR PROCESSING SOFTWARE (8/31/80)

. Revise CLEVENGER SPECTROMETER SYSTEM SOFTWARE (6/15/80)

+  ANALYSIS SOFTWARE
+ CompLETE LARSPEC User’s ManuAL (COMPLETED 2/1/80)
+ EXPAND LARSPEC PUNCH CAPABILITY FOR IDENTIFICATION RECORD DATA (5/30/80)
. ADD DECWRITER TERMINAL AS MEDIUM RESOLUTION GRAPHICS DEVICE (coMPLETED 5/1/80)

. ADD CAPABILITY To LARSPEC To PLOT DIFFERING WAVELENGTH RESOLUTION DATA ON
SAME GRAPH (7/31/80)




ACCOMPLISHMENTS FOR THIS QUARTER

1979 Hanp County, S. Dakota FSS DATA AVAILABLE

1979 (May THRU AucusT) WeBsTER CounTy, Iowa FSS DATA AVAILABLE

DECWRITER TERMINAL ADDED AS MEDIUM RESOLUTION GRAPHICS OUTPUT DEVICE FOR
LARSPEC anp GCS USERS.

CONCLUDED THAT IT IS BEST NOT TO PROCESS THE FSS DATA INTO FINER
WAVELENGTH BANDS.,

Review NASA/JSC concLusION FOR ANoMoLY IN FSS DATA ARoOunD .7 UM
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SUMARY OF FIELD RESEARCH TEST SITE LOCATIONS AND MAJOR CROPS

Crop YEAR
- Test SiTE 1975 1976 1977 1978 1979
Finney Co., KS WINTER WHEAT WINTER WHEAT WINTER WHEAT
Wirtiams Co., ND 'SPRING WHEAT SPRING WHEAT SPRING WHEAT
Hanp Co., SD e SPRING WHEAT SPRING WHEAT SPRING WHEAT SPRING WHEAT
WINTER WHEAT WINTER SHEAT WINTER WHEAT WINTER WHEAT
Tippecanoe Co., IN - --- - Corn Corn
SoYBEANS SOYBEANS
WINTER WHEAT
‘U.S. & BraziL’ --- —- - 'So1Ls’ —
WeBsTeR Co., 1A Corn
SOYBEANS
McPrerson Co., NE - -— — —_ Corn
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SuvmARY OF FIELD ResearcH DATA Base

Crop YEAR(S) AND StATUS

Y : 1975-1978 1879
INsTRUMENT/DATA TyPE COMPLETE CoMPLETE IN PROCESSING
Lanpsat MSS WoLe Frave CCT (FrRaMES) 124 — —
AIRCRAFT MULTISPECTRAL SCANNER (DATES/FLIGHTLINES) 46/301 15 7/
HeL 1COPTER MOWNTED FIELD SPECTROMETER (DATES/OBSERVATIONS)

FIELD AVERAGES 74/6870 13/787 5/

INDIVIDUAL SCANS 74/114,89 13/14,496 5/
Teuck MounTeD FIELD SPECTROMETER {DATES/OBSERVATIONS)

NASA/JSC FSAS 45/813 -— —-

Purbue ExotecH 20C 99/7055 25/837 -

NASAVVERL ExotecH 20D 45/645 — —
TRuck MOUNTED F1ELD MULTIBAND RADIOMETER (DATES/OBSERVATIONS)

Puwrpue ExotecH 100 32/6077 26/79%47 —-
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PLANS FOR NEXT QUARTER

DATA DISTRIBUTION

v 1979 WeBsTerR Co., IA, Hanp Co., SD, AND McPHErRsoN Co., NE AIRCRAFT SCANNER DATA

WILL BE MADE AVAILABLE FOR RESEARCHERS
» REQUESTED DATA WILL BE DISTRIBUTED TO GODDARD INSTITUTE FOR SPACE STUDIES

DAaTA BASE MAINTENANCE

+ ADDITIONAL IDENTIFICATION INFORMATION WILL BE ADDED TO THE SOILS DATA

+ PLANS WILL BE DEVELOPED FOR PROCEDURE TO CORRECT THE FSS DATA FOR ANOMOLY
AROUND 0.7 um

CATALOG
+ CATALOG WILL BE UPDATED
DATA BASE SOFTWARE

+ ExPANDED LARSPEC IDENTIFICATION INFORMATION PUNCH CAPABILITY IMPLEMENTED.
LARSPEC Users MANUAL WILL BE REVISED FOR ABOVE PUNCH CAPABILITY.

+ CAPABILITY FOR LARSPEC TO PLOT DIFFERING WAVELENGTH RESOLUTION DATA ON SAME

GRAPH WILL BE IMPLEMENTED
+ REVISED CLEVENGER SPECTROMETER PROCESSING SOFTWARE COMPLETED,
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