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1. SUPPORTING FIELD RESEARCH AND AGRICULTURAL SCENE UNDERSTANDING

Task 1A: ExperIMENT DEsicon AND DATA ANALYSIS
MARVIN BAUER AND VERN VANDERBILT



SUPPORTING FIELD RESEARCH--EXPERIMENT
DesieN AND DATA ANALYSIS

OBJECTIVES

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

- DESIGN 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, SOYBEANS, 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.

- TO 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 LANDSAS 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,

*1.
*2.
*3,

b,

DATA 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

*

SUMMARY PLANS INCLUDED IN THIS REPORT




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 TM)
'STRESS MODELS
' IMAGE PRODUCTS



F1eLD RESEARCH PRoDUCTS

MODELS (CURRENT AND FUTURE S/C SENSORS)
'SPECTRAL CROP GROWTH AND DEVELOPMENT
*SPECTRAL STRESS MODELS (MOISTURE, DISEASE, NUTRITION)

"MODELS TO PREDICT KEY AGRONOMIC VARIABLES, E.G. LAI, PERCENT INTERCEPTED
RADIATION

'CROP CANOPY MODELS WHICH PREDICT REFLECTANCE AS A FUNCTION OF AGRONOMIC
VARIABLES

ANALYSES

‘CROP DISCRIMINATION - PERFORMANCE ANALYSIS

- NEW CROPS - CROPS MIXES (E.G. RICE, COTTON, SOYBEANS, ETC.)
- FUTURE SENSORS (TM, MRS, ETC,) - ALL CROPS

"SOIL EFFECT ON SPECTRAL CROP CALENDAR, SPECTRAL STRESS MODEL AND CROP
DISCRIMINATION

"ATMOSPHERIC EFFECT ON SPECTRAL CROP CALENDAR, SPECTRAL STRESS MODEL AND
CROP DISCRIMINATION

ANALYST AIDS AND ALGORITHMS
' TRANSFORMAT IONS

" IMAGE PRODUCTS

"SPECTRAL KEYS



FIELD RESEARCH PRoODUCTS (CON'T)

4, STANDARD FIELD RESEARCH DATA SETS

"MULTITEMPORAL SPECTRAL, AGRONOMIC, AND METEOROLOGICAL MEASUREMENTS
OF CROPS AND SOILS

5, SIMULATED DATA SETS
‘FOR NEW SENSORS, E.G, LANDSAT THEMATIC MAPPER

'OF FOREIGN COUNTIES WITH LIMITED TESTING OF ALGORITHMS, E.G. BRAZIL - SPECTRAL
CROP CALENDAR

'FOR SENSITIVITY STUDIES

AGRONOMIC FACTORS - SOILS, ROW WIDTH, VARIETY

CROP STRESS

BI-DIRECTIONAL REFLECTANCE

ATMOSPHERIC EFFECTS

10




SPEcTRAL CrRoOP DEVELOPMENT STAGE DETERMINATION
RATIONALE

= PROVIDES IMPORTANT INPUT TO YIELD MODELS AND IMAGE LABELING
- PROVIDES INFORMATION AT PIXEL, FIELD OR SEGMENT LEVEL

OBJECTIVE

- PREDICT REFLECTIVE CHARACTERISTICS OF CORN AND SOYBEAN DEVELOPMENT STAGE
AS FUNCTION OF REFLECTANCE CHARACTERISTICS

APPROACH
- DEFINE JOINT PROBABILITY DENSITY FUNCTION
£(GROWTH STAGE, GREENNESS)

- COMPUTE PROBABILITY OF DEVELOPMENT STAGE GIVEN GREENNESS = X
f(GROWTH STAGE 1 GREENNESS=X)

- CONSIDER ADDITIONAL VARIABLES SUCH AS METEOROLOGICAL VARIABLES

11




MODEL OUTPUTS

- PROBABILITY PIXEL OR FIELD IS AT A PARTICULAR DEVELOPMENT STAGE
- PREDICTION OF MOST LIKELY DEVELOPMENT STAGE
- ASSESSES ACCURACY OF PREDICTION BASED ON HISTORICAL DATA

DATA TO BE UTILIZED

- DEVELOPMENT OF INITIAL MODEL FORM

'PURDUE AGRONOMY FARM, 1Y978-79 CORN AND SOYBEAN RADIOMETER/SPECTROMETER
- VERIFICATION OF INITIAL MODEL

*WEBSTER CO., IOWA 1979 HELICOPTER SPECTROMETER

CURRENT STATUS/ACCOMPLISHMENTS

- INITIAL MODEL FORM DEFINED
- DATA SETS ASSEMBLED
- INITIAL EVALUATION SCHEDULED FOR JuLy ‘80

12



ESTIMATION OF CANOPY VARIABLES FROM SPECTRAL MEASUREMENTS
(LEAF AREA INDEX, PERCENT SOIL COVER, INTERCEPTED SOLAR RADIATION)

RATIONALE/BACKGROUND

"BUNNIK HAS SHOWN USING THE SUITS MODEL THAT SEVERAL SPECTRAL PARAMETERS ARE
MORE STRONGLY RELATED TO CANOPY VARIABLES THAN SIMPLY THE IR/RED RATIO

"THESE SPECTRAL PARAMETERS MAY PROVIDE A MEANS TO PREDICE LEAF AREA INDEX,
PERCENT CANOPY COVER, AND INTERCEPTED SOLAR RADIATION FROM REFLECTANCE
MEASUREMENTS

'CROP GROWTH-DEVELOPMENT, EVAPOTRANSIPIRATION AND YIELD MODELS COULD BE
IMPROVED BY INCLUSION OF ADDITIONAL INFORMATION ON CANOPY CHARACTERISTICS

OBJUECTIVE

'DEVELOP MODEL(S) TO PREDICT CANOPY CHARACTERISTICS FROM SPECTRAL MEASUREMENTS

2.1




ESTIMATION OF CANOPY VARIABLES FROM SPECTRAL MEASUREMENTS
(LEAF AREA INDEX, PERCENT SOIL COVER, INTERCEPTED SOLAR RADIATION)

APPROACH

"SURVEY LITERATURE FOR AND/OR THEORETICAL MODELS OF SPECTRAL PARAMETERS RELATED
TO AGRONOMIC CHARACTERISTICS OF CANOPIES

- PARAMETER SHOULD BE A PREDOMINANT FUNCTION OF CANOPY VARIABLE OF INTEREST
- PARAMETER SHOULD BE INVARIANT TO OTHER CANOPY VARIABLES AND INDEPENDENT OF

SOLAR AND OBSERVATION ANGLES
' COMPARE THEORETICAL MODEL PREDICTIONS TO EMPIRICAL MEASURES

"INITIAL VERIFICATIONS WILL BE PERFORMED WITH THE FOLLOWING DATA SETS
SPRING WHEAT - WILLISTON, ND AEs (1975-77)
WINTER WHEAT - GARDEN CITY, KS AES (1975-77)
PURDUE AGRONOMY FARM (1979)

CORN AND SOYBEANS - PURDUE AGRONOMY FARM (1978-79)
PRODUCTS

‘EVALUATION OF SPECTRAL PARAMETERS FOR PREDICTING AGRONOMIC VARIABLES
‘FEEDS FY81 SFR TASKS ON IMPROVING CORN-SOYBEAN GROWTH MODELS
'SUPPORTS PROCEDURE 2 AND TM DEVELOPMENT DURING FY82 AnD 83

12.2




ASSESSMENT OF EFFECTS OF AGRONGMIC FACTORS ON
REFLECTANCE OF CORN AND SOYBEANS

RATIONALE

"THERE ARE MANY SOIL AND CULTURAL PRACTICE FACTORS WHICH INFLUENCE SPECTRAL RESPONSE
"AMOUNT AND KIND OF VARIATION INTRODUCED BY THESE FACTORS NEEDS TO BE QUANTIFIED FOR:

= SENSITIVITY ANALYSIS OF CROP CALENDAR AND LEAF AREA MODELS TO SUCH
VARIATION

"~ ASSIST ANALYSTS IN UNDERSTANDING SPECTRAL RESPONSES OF CROPS

OBJECTIVE

"DETERMINE RELATIVE CONTRIBUTION ON EFFECT OF SOIL COLOR AND VARYING CULTURAL
PRACTICES ON REFLECTANCE OF CORN AND SOYBEANS

APPROACH

"ANALYSIS OF VARIANCE OF DATA FROM FACTORIAL EXPERIMENTS CONDUCTED AT PURDUE
AGRONOMY FARM IN 1979 AS FUNCTION OF DATE/DEVELOPMENT STAGE

CORN: 2 SOILS SOYBEANS ; 2 SOILS 2 ROW WIDTHS

3 PLANTING DATES 2 CULTIVARS 3 PLANTING DATES
3 PLANT POPULATIONS

"QUANTITATIVE ASSESSMENT OF AMOUNT OF VARIATION ASSOCIATED WITH EACH FACTOR

12.3



ASSESSMENT OF EFFECTS OF AGRONOMIC FACTORS ON
REFLECTANCE OF CORN AND SOYBEANS

ANALYSIS PRODUCTS

"SPECTRAL PLOTS SHOWING EFFECTS OF EACH FACTOR AND INTERACTIONS
GREENNESS AND BRIGHTNESS

SCHEDULE
*ANALYSIS OF 1979 DATA SETS COMPLETED, AUGUST 1980

' SUPPORTS
‘* FY8] CORN AND SOYBEAN PILOT

" FY81 FIELD RESEARCH TASK ON SPECTRAL CROP CALENDAR SENSITIVITY ANALYSIS

12.4



PLANS FOR NEXT QUARTER
- COMPLETE PROJECT AND DATA ANALYSIS PLANS
= CONTINUE DATA ANALYSIS/MODELING
- SUBMIT REPORTS ON MODEL FORM FOR SPECTRAL ESTIMATION OF CORN

AND SOYBEAN DEVELOPMENT STAGES AND THEORETICAL MODEL OF POLARIZATION
MEASUREMENTS TO ASSESS CROP CONDITION



MODEL OF PLANT CANOPY
POLARIZATION RESPONSE

SLIDES ILLUSTRATING CANOPY POLARIZATION
POLARIZATION THEORY
FLUX MEASURED BY RADIOMETER

FIELD DATA




THEORY

@ FRESNEL EQUATIONS
@ sToxes vecTor §= (s, 80

Sy = SPECULAR + DIFFUSE
=8, *5

s D
Sg = SPECULAR
= (pgg + Pg)/2.0
Sq = LINEARLY POLARIZED PART OF S

= (pgg = Py)/2.0

@ PERCENT LINEAR POLARIZATION

100% sQ/sI
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THEORY

A LEAF WILL SPECULARLY REFLECT LIGHT TO SENSOR
P ONLY ——eostlE

IF LEAF IS CORRECTLY ORIENTED.,

@ srecuar REFLECTANCE IS DUE TO WAX LAYER ON CUTICLE.
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POLARIZATION MODEL
MICRO SCALE AND MACRO SCALE PARAMETERS
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SMALL LEAF AREA AA SENSOR VIEWING CANOPY
Vanderbilt

24 December 1979
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FLUX INTO SENSOR

=QD + [E] [(LAI) Faloas 6,) KSSPSPV] [AwAv/?-COSSV]

SOURCE CANOPY SENSOR

L/

-

’ QQ = [E] [(LAI) FA(GA;‘ ¢A) KSQPSPV] [AwAv/ZCOSev]

> ZroL 100% CPQ/@D +<§S)
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FIELD DATA

ACQUIRED NEAR NOON

33 VIEW DIRECTIONS
FIVE ZENITHS
EIGHT AZIMUTHS

WAVELENGTH 0.45 - 0.7%pM

50 TOTAL SPECTRA
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LINEAR POLARIZATION WITH VIEW DIRECTION

WHEAT, BOOT GROWTH STAGE, 0.64xM
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!

LINEAR POLARIZATION WITH ANGLE OF INCIDENCE

WHEAT, BOOT GROWTH STAGE, 0.60xM
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LINEAR POLARIZATION WITH WAVELENGTH
WHEAT, BOOT GROWTH STAGE, 0.64uM
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DISCUSSION

POLARIZATION PROPORTIONAL TO LEAF AREA INDEX
POLARIZATION OF WHEAT CHANGES AT HEADING GROWTH STAGE

POLARIZATION AFFECTED BY
- WHEAT RUST
- MOISTURE STRESS
- HAIL DAMAGE

POLARIZATION POTENTIALLY WILL AID CROP DISCRIMINATION
MAX POLARIZATION LOOKING TOWARD SUN AZIMUTH

HIGH SPECTRAL RESOLUTION IN VISIBLE NOT NECESSARY
FREQUENT SATELLITE POLARIZATION DATA USEFUL

LIGHT POLARIZED FROM ANY CANOPY WITH SHINY LEAVES

WIND EXPECTED TO BE SOURCE OF NOISE IN SATELLITE
POLARIZATION DATA

23



Task 1B:

F1eLD REsearcH DATA AcQUISITION AND PREPROCESSING

LARRY L, BIieHL
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1B, FIELD RESEARCH DATA ACQUISITION AND PREPROCESSING

OverALL OBUECTIVE,

COORDINATE AND/OR ACQUIRE AND PREPROCESS THE REQUIRED MULTICROP
FIELD RESEARCH DATA TO SUPPORT THE AGRISTARS PROGRAM.

25



SpecIFIC OBJECTIVES FOR 1980 (AND TARGET COMPLETION DATES) CON'T,

2. DATA PREPROCESSING
+ COMPLETE PROCESSING OF 1979 DATA
o PURDUE AcronoMy FarM (SPECTRAL - 2/1/80, Acronomic - 4/1/80)
o WessTer Co., & Hap Co, FSS (4/1/80)
o WeBSTER Co., Hanp Co., & McPHERSON Co. AIRCRAFT scanner  (5/1/80)

® WeBSTER Co., & HanD Co, -LanDsaT scanner  (5/1/80)

+ PREPROCESS FIELD RESEARCH DATA ACQUIRED IN 1980
o Purpue Acronomy Farm  (1/1/81)
e WEBSTER Co., & Cass Co, FSS (2/1/81)
® WeBsTER Co., Cass Co., & McPHERsON Co. AIRCRAFT scANNER (1/1/81)

o WeBSTER Co., & Cass Co. LANDSAT scanner  (1/1/81)

26



1B, FIELD RESEARCH DATA ACQUISITION AND PREPROCESSING

SpeciFic OBJECTIVES FOR 1980 (AND TARGET COMPLETION DATES)

1. DaTA AcquisITION

o PLAN AND COORDINATE 1980 ACQUISITION OF REQUIRED FIELD RESEARCH DATA IDENTIFIED
IN EXPERIMENT DESIGN PLANS DEVELOPED UNDER TAsK 1A 4/1/80)

e Acauire 1980 PurDuE Acronomy FArM pATA  (10/15/80)

 ACQUIRE DETAILED AGRONOMIC MEASUREMENTS FOR WEBSTER (0., & Cass Co. SITES (10/15/80)

® PREPARE AND CALIBRATE FIELD REFLECTANCE STANDARDS (/1/80)

o PREPARE PLAN FOR 1981-82 FIELD RESEARCH DATA ACQUISITION (11/1/80)

27



ACCOMPLISHVENTS THIS QUARTER

1. IMPLEMENTATION PLAN PREPARED & PRESENTED

2. DaTA ACQUISITION
® PLANS BEING PREPARED & IMPLEMENTED FOR 1930 PURDUE AGRONOMY FARM DATA ACQUISITION

e PLANS BEING PREPARED FOR ACQUISITION OF DETAILED AGRONOMIC MEASUREMENTS AND SUPPORT
oF FSS Mmissions For Cass Co., ND anp WEBSTER Co., IA TEST SITES

e TEST SITES IDENTIFIED FOrR 1980

28



ACCOMPLISHYENTS THIS QUARTER (con'T)

3. DATA PREPROCESSING
e 1979 PurDUE AGRONOMY FARM SPECTRAL DATA COMPLETED
e 1979 WeBsTER Co, AND HanND Co. FSS AND AGRONOMIC DATA PREPARED FOR PREPROCESSING

¢ 1979 WeBsTer Co., Hanp Co., AND McPHERSON CO. AIRCRAFT SCANNER DATA PROCESSING TIMES
DETERMINED AND DELIVERED To NASA/JSC,

o ApDITIONAL 1979 PURDUE AGRONOMY FARM AGRONOMIC DATA PREPARED FOR PROCESSING

29



SUMMARY OF 1980 FIELD RESEARCH EXPERIMENTS

1. WeBsTER Co., Iowa

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

® VERIFICATION OF SPECTRAL-AGRONOMIC RELATIONSHIPS

2. Cass Co., NorTH 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

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

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

e EFFECTS OF VARYING AGRONOMIC PRACTICES (PLANTING DATE, ROW SPACING, PLANT POPULATION, CULTIVAR,
SOIL TYPE) ON SPECTRAL RESPONSE OF CORN AND SOYBEANS

® EXPERIMENTS ON INSTRUMENT PARAMETERS, CALIBRATION AND MEASUREMENT VARIABLES

B, McPuerson Co., NEBRASKA, SANDHILLS EXPERIMENT STATION
@ RELATIONSHIP OF MOISTURE STRESS EFFECTS ON REFLECTANCE AND THERMAL CHARACTERISTICS OF CORN

30



1980 F1eLD ResearcH TesT SiTes AnD Mador Crops

TrppecANcE Co, WeBsTER Co. Cass Co, lcPHERSON Co, WHARTON Co,
INDIANA Towa N, DakoTa NEBRASKA TExAs
Corn Corn SPRING VHEAT Corn RICE

SOYBEANS SOYBEANS BARLEY SOYBEANS

WINTER WHEAT SUNFLOWERS

SOYBEANS
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ORGANIZATIONS INVOLVED IN ACQUISITION OF 1980 FIELD RESEARCH DATA

NASA/ JoHnsoN Space CENTER

PURDUE/LABORATORY FOR APPLICATIONS OF REMOTE SENSING

NorRTH DAKOTA STATE UNIVERSITY

UNIVERSITY OF NEBRASKA
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PLANS FOR NEXT QUARTER

1. Data AcquISITION

® COMPLETE PLANS FOR 1980 DATA ACQUISITION

® PREPARE AND/OR CALIBRATE FIELD REFLECTANCE STANDARDS

® BEGIN ACQUISITION OF PURDUE AGRONOMY FARM DATA

o BEGIN ACQUISITION OF DETAILED AGRONOMIC MEASUREMENTS FOR WeBSTER Co., IA
orR Cass Co,, ND TEST SITES
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PLANS FOR NEXT QUARTER (con'T)

2. DATA PREPROCESSING

® CoMPLETE PROCESSING OF 1979 WemsTer Co., & Hanp Co. FSS paTA

o COMPLETE PROCESSING OF ADDITIONAL 1979 PURDUE AGRONOMY FARM AGRONOMIC DATA

¢ COMPLETE PROCESSING OF 1979 WeBsTER Co., HAND Co., & McPHERSON CO. AIRCRAFT SCANNER DATA

o CoMPLETE PROCESSING OF 1979 WeBsSTER Co., AND HAND (0. LANDSAT SCANNER DATA

e COMPLETE PROCESSING OF SPECTRAL 1979 PURDUE AGRONOMY FARM LEAF REFLECTANCE MEASUREMENTS -
CLEVENGER SPECTROMETER SYSTEM DATA
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ISSUES/NEEDS TO BE RESOLVED

1. Data AcquisITION

o ADDITIONAL SUPPORT FOR FSS AND AIRCRAFT MISSIONS FOR 1980

2. DATA PREPROCESSING

o NEep 6 DATES oF 1979 FSS paTA From NASA/JSC
o NEED 7 DATES OF 1978 AIRCRAFT SCANNER DATA FRoM NASA/JSC
o NEeD 1979 LaNDSAT SCANNER DATA FroM NASA/GSFC
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Task 1C:

DEVELOPMENT OF MULTIBAND RADIOMETER SYSTEM

BARRETT F. RoOBINSON
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OBJECTIVE: To COMPLETE THE DEVELOPMENT, TESTING, AND DOCUMENTATION

OF A MULTIBAND RADIOMETER SYSTEM FOR REMOTE SENSING
FIELD RESEARCH, '

APPROACH

+ PuRDUE/LARS WILL COMPLETE THE ACQUISITION OF A PROTOTYPE
MULTIRAND 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 WNITS -
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 IBM 3131,



+ 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.)
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ACCOMPLISHMENTS FOR THE QUARTER

FINAL DESIGN REPORT AT BARNES - RoBINSON & JupAy (Jan, 21)

DESIGN FOR DATA LOGGER, CIRCUIT DESIGNS PREPARED, MAJOR HARDWARE ITEMS RECEIVED.
CONTRACT FOR SPECTRAL BAND FILTERS (JAN, 29)

FINAL OUTLINE FOR USER MANUAL - PARTIAL DRAFT

INSTALLATION OF COMPUTER INTERFACE COMPLETE AND TESTING BEGUN

PRELIMINARY TEST PLAN PREPARED
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PLANS FOR NEXT QUARTER

CONSTRUCTION OF DATA LOGGER (NEARLY COMPLETE)

MONITOR CONSTRUCTION OF RADIOMETER

SYSTEM MANUAL - REVISED DRAFT

SOFTWARE AND HARDWARE FOR INTERFACE AND DATA HANDLING
USER MANUAL - NEAR FINAL DRAFT

TEST PLAN REVIEWED AND COMPLETE
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2,

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

Task 2B

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 FOR 1980

1. DEFINE, TEST AND DELIVER FIRST GENERATION SPECTRAL-METEOROLOGICAL 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 1S 907 COMPLETED

INITIAL ANALYSES OF SPECTRAL DATA ARE IN PROGRESS
- SPECTROMETER/PLOTS
- LANDSAT/SEGMENTS

SEGMENTS SELECTED AND DATA BASE DEVELOPMENT INITIATED
- DATA SET TO BE ASSEMBLED MARCH 15

METEOROLOGICALLY-BASED MODELS FOR CORN AND SOYBEANS SELECTED
- CORN - HEAT UNIT MODELS (CROSS AND ZUBER, 1972)
- PHOTOTHERMAL MODEL (COLIGADO AND BROWN, 1975)

- 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

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

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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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 BECUASE NO RESPONSE OF COEFFICIENTS IS REQUIRED,

DATA REQUIREMENTS

"DAILY MAXIMUM TEMPERATURE
'DAILY MINIMUM TEMPERATURE
' THRESHOLD TEMPERATURE (A CONSTANT)
"VARIETAL HEAT UNITS FOR EACH STAGE

EXAMPLE

'CROSS AND ZUBER. 1972 aGronoMY J. 64:351-355,
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HEAT UNIT MODELS
'DAILY ADJUSTED AVERAGE MODEL

n
Z (TX; + TNyp)/2 where: TH3= high temp on day i
i=1 T,= low temp on day i
TXj= TH; if TH; < 86
= 86 if TH; > 86

TNi= TLi if TL > 50
, = 50 if THyq <5
DAILY HEAT STRESS MODEL * 1250
n
E (TX:-L + TNi)/2 where: TX= TH; if TH; < 86
il = 86 - (THi—86) if TH; > 86
'ONTARIO MODEL
n
> (105 + TNy) /2 where:: TO;= 0.256(TH;) 2 + 4.39(TH;) - 155.18
11

TNj= TL; if TL > 40
= 40 if TH; <40
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PHOTOTHERMAL MODELS

DESCRIPTION

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

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

"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 sci. 15:174-179

"ROBINSON, 1968, INT. J. BIOMETEORO. 12:191-223 48



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

49



PLANS FOR NEXT QUARTER

1, PREPARE BIBILIOGRAPHY

2. ACQUIRE AND ASSEMBLE METEOROLOGY DATA

3. ACQUIRE AND ASSEMBLE CROP PHENOLOGY DATA

4, ESTIMATE CROP DEVELOPMENT USING METEOROLOGICAL MODELS FOR CRD'S

5., PLOT TEMPORAL TRAJECTORIES OF SPECTRAL DATA |

6. ADJUST CROP DEVELOPMENT STAGE USING SPECTRAL DATA

/. CONDUCT INITIAL EVALUATIONS OF SPECTRALLY-ADJUSTED METEOROLOGICAL MODELS

ISSUES
1. RECEIPT OF METEOROLOGICAL DATA FROM NOAA IN ASHVILLE, NC.

2. RECEIPT OF PHENOLOGICAL DATA FROM USDA-ESCS.
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Task 2D

DETERMINATION OF THE VALUE OF SPECTRAL INFORMATION IN
ESTIMATION oF AGRONOMIC VARIABLES ASSOCIATED WITH YIELD oF CorRN AND SOYBEANS

CRAIG DAUGHTRY, DON HOLT, AND CHRIS SEUBERT
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DETERMININATION OF THE VALUE OF SPECTRAL LNFORMATION IN
ESTIMATION OF AGRONOMIC VARIABLES ASSOCIATED
WiTH YIELD oF CORN AND SOYBEANS

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

SPECIFIC OBJECTIVES FOR 1930

- 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 60% COMPLETE

SEGMENTS SELECTED AND DATA BASE DEVELOPMENT INITIATED

"SPECTRAL DATER SET TO BE ASSEMBLED BY MARcH 15
"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 IN 1978

PERCENT INTERCEPTED SOLAR RADIATION VARIABLE
"ESTIMATE OF"USEFUL” ENERGY TO CROP
"POTENTIAL INTERFACES WITH YIELD AND EVAPOTRANSPIRATION MODELS
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INTERCEPTED SOLAR RADIATION FuncTION

1,00

0.75

0.50

0.25

/A_——A

_ SRy = [1 - (0,79 % L] * SR

1 ) 1 |}

1 2 3 4y 5
LeaF AREA INDEX

LINVILLE, DALE AND Hopees. 1978, Acron, J. 70:257-263
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PLANS FOR NExT QUARTER
COMPLETE LITERATURE REVIEWS
ASSEMBLE SPECTRAL AND METEOROLOGICAL DATA SETS

CONDUCT INITIAL EVALUATIONS OF INTERCEPTED SOLAR RADIATION VARIABLE
'SPECTROMETER DATA FROM PURDUE AGRONOMY FARM 1978, 1979
'LANDSAT MSS SEGMENTS TO BE SELECTED

SELECT TEST SITES FOR INITIAL EVALUATION OF SOIL PRODUCTIVITY INDICES

ASSEMBLE SOIL PRODUCTIVITY DATA SETS
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Task HA

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

MARILYN M. HIXSON
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A, APPLICATION AND EVALUATION OF LANDSAT TRAINING, CLASSIFICATION, AND AREA ESTIMATION
PROCEDURES FOR CROP INVENTORY

BACKGROUND

* THIRD YEAR OF A.N. TASK
* WORK ON CORN/SOYBEANS SUPPORTIVE OF CLASSIFICATION,
SAMPLING AND AGGREGATION PHASES OF AGRISTARS

PREVIOUS ACCOMPLISHMENTS

* ASSESSMENT OF IMPACT OF LANDSAT DATA ACQUISITION HISTORY ON CORN AND SOYBEAN AREA
ESTIMATION. ACQUISITIONS FROM AROUND EMERGENCE AND AFTER TASSELING OF THE CORN
PROVIDE A MINIMAL SET FOR ACCURATE IDENTIFICATION OF CORN AND SOYBEANS.

* SEVERAL CLASSIFIERS WERE COMPARED AND AN AVERAGE 1-2% RANGE OF PERFORMANCE WAS
OBTAINED. MINIMUM DISTANCE, MAXIMUM LIKELIHOOD, SUM-OF-DENSITIES, ECHO, AND
LAYERED WERE USED WITH THE SAME SET OF TRAINING STATISTICS. TRAINING METHOD
AFFECTED PERFORMANCE MORE THAN CLASSIFIER USED.

+ USE OF ONE VISIBLE AND ONE IR BAND FROM EACH ACQUISITION DATE DID NOT SIGNIFICANTLY
DECREASE PERFORMANCE. USE OF FEWER FEATURES DECREASED PERFORMANCE.,

* STRATIFICATION AND SAMPLING PLAN FOR MASA/JSC 1978 CORN/SOYBEANS DATA ACQUISITION
WAS DEFINED.
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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,

b1




APPROACH

TRAINING PROCEDURES

SAMPLE UNIT SIZE FOR TRAINING

Use

VARIABLE SIZE UNITS (FIELDS) VS, FIXED SIZE UNITS (FIXED CELL SIZE)
VARIABLE SIZE MAY SAMPLE SMALL FIELDS BETTER

FIXED SIZE MAY REDUCE POTENTIAL BIAS TOWARD COVER TYPES OCCURRING
IN LARGE FIELDS

COMPARISON WILL BE MADE ON SEVERAL SEGMENTS

OF SPECTRAL/SPATIAL CLUSTERING ALGORITHM AS A TRAINING TOOL

UNSUPERVISED ECHO usED IN TRAINING
SUPERVISED ECHO USED IN CLASSIFICATION
CLUSTER LABELING SIMILAR TO PROCEDURE 1
SOFTWARE BEING DEVELOPED BY TASK 3
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APPROACH

"RELATIONSHIP OF SCENE CHARACTERISTICS AND CLASSIFICATION PERFORMANCE

CLASSIFICATION
- ONE VISIBLE AND ONE NEAR IR BAND PER ACQUISITION
- ACQUISITIONS AROUND EMERGENCE AND AFTER TASSELING OF CORN
- MAXIMUM LIKELIHOOD CLASSIFIER

OF S 1S C

ARIABLES
- CLASSIFICATION PERFORMANCE (COMPARED TO INVENTORY, ON TEST FIELDS)
- ANALYST LABELING ACCURACY
- GEOGRAPHICAL LOCATION
- FIELD SIZE
- SOIL TYPE AND COMPLEXITY
- CROP MIXTURE
- WEATHER VARIABLES
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SEGMENTS ANALYZED TO DATE

SEGMENT
NUMBER _ COUNTY STATE _ APU*  COMMENTS
141 MADISON IA 25W SMALL, NONRECTANGULAR FIELDS. PASTURE AND TREES,
146 BALLARD KY 43 SMALL, NONRECTANGULAR FIELDS. SOME TABACCO.
185 TRAVERSE MN 20 MANY CONFUSION CROPS (SUNFLOWERS, SORGHUM),
209"*  GENTRY MO 25 COMPLEX SCENE, NONRECTANGULAR FIELDS.
800 CLINTON IA 25E PRIMARILY CORN AND SOYBEANS.
809 OGLE IL 25 SMALL TO MEDIUM FIELDS, SOME STRIP AND NONRECTANGULAR.
837 BENTON IN 28 PRIMARILY CORN AND SOYBEANS., LARGER FIELDS,
343 HENRY IN 28 SMALL, RECTANGULAR FIELDS.
854 TIPPECANOE IN 28 PRIMARILY CORN AND SOYBEANS,
860 WELLS IN 28 LARGE AREA OWNED BY ARMY CORPS OF ENGINEERS.
862 CALHOUN 1A 24W MEDIUM SIZE, MOSTLY RECTANGULAR FIELDS. SMALL STREAMS
THROUGHOUT,
881 MONONA 1A 14N ROLLING TERRAIN, MUCH PASTURE
883 PALO ALTO IA 24W LARGE WATER BODY,
886 POTTAWATTOMIE IA 14S IRREGULAR FIELD SHAPES. TOWN,
892 SHELBY 1A 145 SMALL FIELDS. MOSTLY AGRICULTURAL.
895%*  WOODBURY 1A 14N IRREGULAR FIELD SHAPES, PASTURE, SOME OQATS.

* AS SUBDIVIDED FOR YIELD MODELING IN IOWA,

¥* %

NOT COMPLETED.,
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APPROACH

'FULL-FRAME SAMPLING

- USE FULL-FRAME DATA

- STRATIFICATION FOR CLASSIFICATION CONDUCTED USING FULL-FRAME
IMAGE PRODUCTS

- STRATA CLASSIFIED WITH TRAINING DATA FROM SAMPLE SEGMENTS
IN THAT STRATUM

- SEVERAL SAMPLING SCHEMES WILL BE COMPARED
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PLANS For MeExT QUARTER

PRELIMINARY EVALUATION OF ECHO As A TRAINING AID
CONTINUE CLASSIFICATION OF A WIDE VARIETY OF SEGMENTS
COMPLETE ANCILLARY DATA BASES FOR SCENE CHARACTERISTICS

PERFORM INITIAL ANALYSES OF RELATIONSHIP OF CLASSIFICATION PERFORMANCE
TO SCENE CHARACTERISTICS

[ssUES

ONE FULL-FRAME IMAGE AND ONE FULL-FRAME TAPE HAVE NOT YET BEEN RECEIVED,
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3. SAMPLING AND AGGREGATION RESEARCH
Task 4B

DETERMINATION OF THE OPTIMUM LEVEL FOR
COMBINING ACREAGE AND YIELD ESTIMATES

MARILYN M. HIXSON
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B. DETERMINATION OF THE OPTIMAL LEVEL FOR COMBINING ACREAGE
AND YIELD ESTIMATES

BACKGROUND

"GOAL OF CROP INVENTORY STUDIES IS PRODUCTION ESTIMATION

‘LEVELS OF AREA AND YIELD STRATA AFFECT LEVEL OF PRODUCTION ESTIMATE

OBJECTIVE

"OBJECTIVE IS TO DETERMINE THE OPTIMAL LEVEL FOR COMBINING AREA
AND YIELD ESTIMATES
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APPROACH

"OPTIMAL LEVEL TO BE ASSESSED USING CURRENT TECHNOLOGY

- ANALYSIS OF LANDSAT MSS DATA OVER SAMPLE SEGMENTS FOR AREA
- CCEA-TYPE REGRESSION MODELS FOR YIELD

'OPTIMIZATION FOR MULTIPLE CROPS CONSIDERED

- IOWA FOR CORN AND SOYBEANS
- NORTH DAKOTA FOR WHEAT

"SEVERAL LEVELS OF ESTIMATION CONSIDERED FOR BOTH ACREAGE AND YIELD

_ COUNTY

REFINED STRATA

CROP REPORTING DISTRICT

STATE

OTHER UNIONS OF COUNTIES
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STATUS

PLANNING PHASE COMPLETED
HISTORICAL ACREAGE AND YIELD DATA BASE BEGUN
CCEA MODEL FORM BEING ACQUIRED

LITERATURE REVIEW OF SMOOTHING METHODS (PARTICULARLY OF WEATHER DATA)

UNDERWAY

PLANS FOR NEXT QUARTER

COMPLETE HISTORICAL AREA AND YIELD DATA BASES

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

ACQUIRE FROM JSC AND BEGIN ORGANIZATION OF METEOROLOGICAL DATA

ACQUIRE WITHIN COUNTY AREA VARIANCES; COMPUTE AREA VARIANCES FOR
LEVELS TO BE EVALUATED
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ISSUES

TASK AS CURRENTLY PLANNED DEPENDENT UPON ACQUISITION OF DATA FROM JSC.
TO MAKE COUNTY-LEVEL YIELD ESTIMATES TO ASSESS LEVEL WITH RESPECT TO
CURRENT TECHNOLOGY, HISTORICAL WEATHER DATA FOR THE PAST 30-40 YEARS
FROM ALL THE COOPERATIVE METEOROLOGICAL STATIONS IN IOWA AND NORTH
DAKOTA ARE REQUIRED. IF THESE DATA CANNOT BE SUPPLIED, AN ALTERNATIVE
APPROACH TO THE TASK MUST BE DEFINED.

/1




b,

DATA PROCESSING RESEARCH AND TECHNIQUES DEVELOPMENT

Task 2A

DETERMINING THE EFFECTS OF MISREGISTRATION
PauL AnuTA
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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 INTRODUCED

. 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
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RESULTS IN QUARTER

. PROGRESS MADE IN SPECIFYING MODEL FOR MISREGISTRATION,

. MISREGISTRATION WAS FOUND TO RELATE TO PEAK OF DIFFERENCE
SPECTRUM MAGNITUDE, AND TOTAL ENERGY IN DIFFERENCE SPECTRUM.

. A PILOT TEMPORAL DATA SET WAS PROCESSED BY TAKING 2-DIMEN-
SIONAL TRANSFORMS OF TiME 1, TIME 2, AND DIFFERENCE IMAGE,
DATA CHOSEN WAS SEPT., OcT., Nov. 1972, June 1973 TEMPORAL
DATA SET. RESULTS WERE NOT READY FOR THIS REPORT,
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e MODEL IS BASE

DEVELOPMENT OF MISREGISTRATION MODEL

D ON TEMPORAL DIFFERENCE IMAGE

AP (1,1 =P (1) - P (1)

WHERE PIJ(T) IMAGE PIXEL VALUE IN
ROwW I AND COLUMN J AT TIME T.

[XPIJ IS THE DIFFERENCE IMAGE PIXEL

e IHE FOURIER TRANSFORM 1S THEN TAKEN OF THE DIFFERENCE IMAGE

FTUV[APIJ(T];Tz)} = Z ZJ:APIJ(TPTZ)EXP[-\/——T 277(_[1# + :4__\1)]

WHERE :

= Z Z PIJ(TZ)EXP[‘\/‘T 2 ﬂ(lﬁg + gﬁy)]
I J

+ Z Z Pld(n)exp[—v\/:zﬂ‘(ﬁ + J_v>]
I J . om

- Py [Pr2) - oy [ Prot)]

N, M ARE THE NUMBER OF ROWS AND COLUMNS IN THE IMAGE
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lFwl?

FREQUENCY SPECTRUM

MAGNITUDE

g

DIFFERENCE SPECTRUM MAGNITUDE EXAMPLE

ProDUCT

(2-26082“UL1)

SPATIAL FREQUENCY
L, IS THE MISREGISTRATION

LOCATION OF THE PEAK RELATES TO MISREGISTRATION

AS DOES TOTAL ENERGY IN DIFFERENCE SPECTRUM
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PLANS FOR NEXT QUARTER

SELECT AND coMPUTE TiME 1, TIME 2, AND DIFFERENCE

FOURIER TRANSFORMS FOR TEST SITES.

ANALYZE TRANSFORMS FOR NATURE OF TEMPORAL EFFECTS;

INTRODUCE MISREGISTRATION AND RECOMPUTE TRANSFORMS.

ANALYZE DIFFERENCE SPECTRUM UNDER MISREGISTRATION

TO RELATE TRANSFORM CHARACTERISTICS TO MISREGISTRATION.
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Task 2C

ANVANCED CLASSIFICATION METHONS

PHILIP H. SWAIN,

DAVID A. LANDGREBE,

HOWARD J.

SIEGEL
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2C1, MULTISTAGE CLASSIFICATION

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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I

2C1, MULTISTAGE CLASSIFICATION

OBJECTIVES

A. DETERMINE SUITABLE FEATURE SELECTION METHODS

B. DEVELOP A SATISFACTORY TRAINING PROCEDURE

C. DEVISE A DECISION TREE DESIGN ALGORITHM
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I1.

2C1. MULTISTAGE CLASSIFICATION

WORK ACCOMPLISHED

A, NEW DATA SET CHOSEN

B. DATA SET SIMULATED

C. NEW SEPARABILITY MEASURE CHOSEN

32
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I11.

2C1, MULTISTAGE CLASSIFICATION

PLANS FOR NEXT PERIOD

A, DOCUMENTATION OF SIMULATION ALGORITHM

B, TESTING A NEW "BOTTOM-UP"” TREE DESIGN APPROACH

C. TESTING THE EFFECTIVENESS OF NEW SEPARABILITY MEASURE

D. DBEGINNING OF FORMULATION OF A TREE DESIGN APPROACH
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2C2, CONTEXTUAL CLASSIFICATION

POTENTIAL BENEFITS

ll

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 |

EvaLuATION 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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2C2. CONTEXTUAL CLASSIFICATION

0BJECTIVES !

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 MULTIMICROPROCESSOR IMPLEMENTATIONS
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2C2, CONTEXTUAL CLASSIFICATION

FIRST QUARTER ACCOMPLISHMENTS

ALGORITHM DEVELOPMENT

1. EXTENDED TESTS OF MODIFIED CONTEXT ESTIMATION METHOD SUCCESSFUL
BUT REQUIRES BLOCKS OF TRAINING DATA

2. IMPLEMENTATION SOFTWARE REFINED TO PREPARE FOR CYBER-IKON IMPLEMENTATION

3. APPROXIMATE ALGORITHM IMPLEMENTED, TESTS BEGUN

4, INITIAL CONTEXT MEASURE IMPLEMENTED FOR PREDICTING BEST CONTEXT
CONFIGURATION, TESTS BEGUN

5. "PowER METHOD” IMPLEMENTED FOR CLEANING UP CONTEXT ESTIMATION
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2C2, CONTEXTUAL CLASSIFICATION

FIRST QUARTER ACCOMPLISHMENTS (conT.)

10,

11,

CYBER-IKON IMPLEMENTATION

CYBER-IKON SIMULATOR SUCCESSFULLY MOVED To PDP-11/UNIX system AT LARS

TECHNICAL INFORMATION RECEIVED FROM CDC AFTER LONG DELAY

LARS AND CDC FLOATING-POINT ROUTINES COMPARED

TEST OF SIMULATED MAXIMUM LIKELIHOOD CLASSIFIER EXTENDED

MODIFIED FLOATING-POINT NUMBER REPRESENTATION DEVELOPED TO MEET REQUIRE-
METNS OF CONTEXTUAL CLASSIFIER

COMPLETED DEVELOPMENT AND BEGAN MICROCODING CONTEXTUAL CLASSIFIER FOR
CYBER-IKON (LINEAR NEIGHBORHOOD VERSION)
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202, CONTEXTUAL CLASSIFICATION

PROBLEMS ENCOUNTERED

1.

METHODS FOR ESTIMATING CONTEXT DISTRIBUTION NOT YET SUFFICIENTLY GENERAL

STRONG PREDICTOR OF OPTIMAL CONTEXT CONFIGURATION NOT FOUND

BrRinGING uP UNIX oPERATING SYSTEM onN PDP-11/34 -- SOLVED THIS QUARTER

AvaiLABILITY ofF CDC CYBER-IKON SYSTEM REMAINS UNCERTAIN, CDC Now
SUPPLYING TECHNICAL DATA REQUESTED

INSUFFICIENT EXPONENT RANGE OF AVAILABLE FLOATING-POINT NUMBER FORMAT
(FLEXIBLE PROCESSOR)., FIX PROPOSED,
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2C2. CONTEXTUAL CLASSIFIER

PLANS FOR SECOND QUARTER

ALGORITHM DEVELOPMENT

INVESTIGATE IMPACT OF "POWER METHOD” ON PERFORMANCE OF FULL BOOTSTRAP
APPROACH TO CONTEXT DISTRIBUTION ESTIMATION

CONTINUE SEARCH FOR PREDICTOR OF OPTIMAL CONTEXT CONFIGURATION

CONTINUE EVALUATION OF APPROXIMATE ALGORITHM

BEGIN INVESTIGATION OF "HYBRID” ALGORITHM WHICH USES CONTEXTUAL
INFORMATION IN SELECTIVE, POTENTIALLY MORE EFFICIENT MANNER
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2C2, CONTEXTUAL CLASSIFICATION

PLANS FOR SECOND QUARTER (conT.)

5.

COMPLETE TESTS OF MAXIMUM LIKELIHOOD ALGORITHM ON CYBER-IKON SIMULATOR

IMPLEMENT AND TEST LINEAR-NEIGHBORHOOD VERSION OF CONTEXTUAL CLASSIFIER ON
CYBER-IKON SIMULATOR,

IMPLEMENT GENERALIZED-NEIGHBORHOOD VERSION OF CONTEXTUAL CLASSIFIER ON
CYBER-IKON SIMULATOR

ADD INTER-PROCESSOR COMMUNICATION FACILITIES TO THE CYBER-IKON SIMULATOR

OBTAIN TECHNICAL INFORMATION REQUIRED FOR HARDWARE CYBER-IKON IMPLEMENTATION
AND NEGOTIATE ACCESS TO THE MACHINE
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TASK 2E
AMBIGUITY REDUCTION

FOR TRAINING SAMPLE LABELING

DAVID LANDGREBE
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TASK OBJECTIVE

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

ANCILLARY DATA FREQUENTLY IMPRECISE AND SOMETIMES
SELF-CONFLICTING

AMBIGUITY REDUCTION VIEWPOINT APPROPRIATE

RELAXATION METHODS HAVE BEEN STUDIED FOR A SOMEWHAT
SIMILAR PROBLEM
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THE FINAL ALGORITHM

P ——=  POYAG)

P = POV . 3, nﬁ} Py (AP (A1)

AND THEN NORMALIZE -- THERE IS A SET OF
P\ ON THE PIXEL, EACH MEMBER OF WHICH
IS UPDATED BY THE ABOVE RULE.

AFTER UPDATING, IT 1S IMPORTANT THAT
THE SET BE NORMALIZED SO THAT THE RESULTS
ARE PROPERLY PROBABILITIES

RULE IS

PA) = PO) X D, % NN LAY

Yoren Lip Z b (af)p, Q)
A JoT A
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MOST CLASSIFIERS USED WITH REMOTE SENSING DATA ARE

PixeL - SPECIFIC

1.E., ALL PIXELS ARE CLASSIFIED (USING SPECTRAL IN-
FORMATION) INDEPENDENTLY OF THE CLASSIFICATION OF
NEIGHBORING PIXELS. NO SPATIAL INFORMATION 1S USED.

ECHO AND OTHER CONTEXT CLASSIFIERS INCORPORATE

SPATIAL INFORMATION (I,E., CONTEXT) IN A REDEFINITION
OF THE CLASSIFIER ALGORITHM, (A PRIORI)

CAN SPATIAL CONTEXT BE DEVELOPED ON A CLASSIFICATION
MAP (E.G., CLASSIFYPOINTS RESULTS FILE) AFTERWARDS?
- (A POSTERIORI)

ANSWER LIES- IN LABEL RELAXATION PROCEDURES

(NoTE “CLASSIFICATION” = "LABELING")
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DEVELOPMENT OF
RELAXATION LABELING ALGORITHM

A 1S A LABEL
E.G,, WHEAT, CORN,

NON-WHEAT, ETC.

‘X == ASSIGNED BY A

CLASSIFIER

DESCRIBE THE RELATIVE LIKELIHOODS OF THE LABELS
FOR A PARTICULAR PIXEL BY A SET OF PROBABILITIES

P(” -= 1.E. P(%l); P(az)n '
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N\
\
\
A |
| ————Ne1cHBORHOOD
/
N //
™~ e
UPDATE

PO) ——— > PN

/

"CONTRIBUTION"” FROM

THE NEIGHBORHOOD
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FORM OF THE NEIGHBORHOOD FUNCTION @()

A A
—

\ CALL THIS PIXEL J

CALL THIS PIXEL I

/

FOR THIS PIXEL QI()) ~ PN(‘AIA’)PJ('A')

7‘.;.': P AP, (N)

Pyy(AIA") = PROBABILITY THAT I HAS LABEL A

IF J HAS LABEL 7\,
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THE NEIGHBORHOOD

D2

L~
/Dl

Dy
I |

0@) = 2 D, Z‘ P AR, ()

SUMMED OVER THE
CALL THESE THE

“NE1GHBOR WEIGHTS"
--THEY TURN OUT TO
BE QUITE IMPORTANT

NEIGHBORHOOD,
INCLUDING THE
PIXEL ITSELF
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E XATION PROCEDU

1. FOR EACH PIXEL IN AN IMAGE, OBTAfN A COMPLETE SET OF PROBABILITIES P(A

-- THESE ARE CALLED THE INITIAL LABEL ESTIMATES --

[ ®» 2., MoVE OVER THE IMAGE PIXEL BY PIXEL, UPDATING THE LABEL PROBABILITY ESTIMATES BY

ITERATE

REFERENCE TO THE NEIGHBORHOOD INFORMATION

‘

3

As SPATIAL CONSISTENCY IS DEVELOPED, THE SET OF PROBABILITIES AT EACH PIXEL WILL
MOVE TOWARDS SOMETHING LIKE

0,0,1,0,0

I.E., ONLY ONE LABEL IS RECOMMENDED SINCE ALL OTHERS HAVE ZERO PROBABILITY OF
OCCURRENCE IN VIEW OF BOTH SPECTRAL INFORMATION (FROM THE INITIAL CLASSIFICATION)
AND SPATIAL INFORMATION (APPLIED BY THE RELAXATION ALGORITHM)

SUCH A SITUATION IS CALLED A FIXED POIN!.
AT THIS STAGE THE LABELING IS UNAMBIGUOUS, WHEREAS THERE WAS INITIAL AMBIGUITY

FROM THE CLASSIFIER AS EVIDENT IN THE SET OF (NON-ZERO) PROBABILITIES FOR EACH
PIXEL.
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IMPROVEMENT

4/ DEGRADATION

I 1 e 4 ) 1 1 -

3'5.545‘676‘1101112.

ITERATIONS
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TEST OF TION O AL DATA
LACIE SEGMENT 1163
(COFFEE COUNTY, KANSAS)

CLASSIFIED INTO WHEAT AND NON-WHEAT (FALLOW, NON SMALL
GRAINS AND OTHER) USING A MINIMUM DISTANCE TO MEANS
CLASSIFIER, ONLY THE BEST THREE OF THE 16 POSSIBLE
CHANNELS WERE USED.

TOTAL CLASSIFICATION ERROR = 9.2% BEFORE RELAXATION.
MEASURED BY USING ERIM GROUND TRUTH TAPE FOR THE SEGMENT.
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RELAXATION APPLIED To LACIE 1163

w— INITIAL LABELING ERROR (FROM MINIMUM DISTANCE CLASSIFIER)

\ ]
i .
lo 2 3 40 So 60 70 80 Qo oo

NUMBER_OF ITERATIONS

109



recal. Q Q) = :ZJ Dy Z ete...
?

NEIGHBOR WEIGHTS

NEED TO CHOOSE D RELATIVE T0 D TO PRESERVE GEOMETRIES
IN EACH CLASS (LABEL)
FOR EXAMPLE:  CORNERS

ENDS OF LINES

SINGLE PIXELS
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E stronger than those on the other
. corners owing to the adjacent (above)
¥ < W error in the initial labeling.
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yu¥¥  + BETWEEN 400 & 500 ITERATIONS

LABELING
p; (WIW)=0.750
Pij(blb )=0946

For retention of corners
predicted d;> 0.164

11-500 ITERATIONS
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RELAXATION APPLIED T0 LACIE 1163

og———— INITIAL LABELING ERROR
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USE OF ANCILLARY DATA
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RELAXATION USING ANCILLARY DATA
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Pare 117 is Dlerk

ASPECTS TO BE INVESTIGATED

0 INITIAL LABEL METHODS AND SENSITIVITY
0 MULTILABEL RELAXATION METHODS
0 ANCILLARY DATA QUESTIONS
- CLASSES OF ANCILLARY DATA
- MULTIPLE ANCILLARY DATA METHODS
0 PARAMETER SENSITIVITY QUESTIONS
0 APPLICATION SCENARIO

WE WILL NEXT GIVE PRIMARY ATTENTION TO THE SECOND
AND THIRD OF THESE ITEMS,
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ASPECTS TO BE INVESTIGATED

0 INITIAL LABEL METHODS AND SENSITIVITY
0 MULTILABEL RELAXATION METHODS
0 ANCILLARY DATA QUESTIONS
- CLASSES OF ANCILLARY DATA
- MULTIPLE ANCILLARY DATA METHODS
0 PARAMETER SENSITIVITY QUESTIONS
0 APPLICATION SCENARIO

WE WILL NEXT GIVE PRIMARY ATTENTION TO THE SECOND
AND THIRD OF THESE ITEMS,
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Task 3A

CoMPUTER PROCESSING SUPPORT

JamMEs L. KasT
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COMPUTER PROCESSING SUPPORT

OBJyecTIVvE: ProviDe JSC AND 1TS ASSOCIATED RESEARCH COMMUNITY WITH THE
ENVIRONMENT NECESSARY FOR THE IMPLEMENTATION OF A SHARED DATA
PROCESSING SYSTEM FOR RESEARCH OF REMOTE SENSING,
|

PURDUE’'S SUPPORT HAS INCLUDED:

*

A COMPUTER AND SUPPORTING HARDWARE
SOFTWARE

DATA

PERSONNEL

PROCEDURES

TRAINING
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THe FurL IMPLEMENTATION OF A SHARED DATA PROCESSING ENVIRONMENT
(NETWORK OR CENTRALIZED FACILITY) WouLD ProvIDE THE FOLLOWING POTENTIAL
BENEFITS:

*

*

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),
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IN ORDER For A ProMisING Mew ANALYSIS TeEcHNIQUE 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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COMPUTER RESOURCES CONSUMED

Dec '77 Nov ‘78 Nov ‘79  Fes 'S80
JSC Users 26 71 96 129
TotaL ID’s 29 95 123 164
370/148 CPU Hours, *YEAR ENDING 70 694 1374
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GoALs For SupporT oF ERSYS/EQDLS

EXPAND THE SHARED DATA PROCESSING ENVIRONMENT
TO MORE FULLY INCLUDE ERIM anp FCPF.

HELP PREPARE FOR THE INSTALLATION OF A 434]-cLAsS
coMPUTER AT JSC/EOD,

SUPPORT THE DESIGN AND DEVELOPMENT oF ERSYS
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SoFTWARE RELATED TASKS

ACCOMPLISHMENTS:
PREPARED AND cONDUCTED THE CMS PorTion oF THE 4341 BencHMARK (Jan. 1980)

UpGRADED THE UserR GRoup AccounNTing ProcrAM (Jan, 1980)
AcquirReD SAS AT UniversiTy RaTes (Fem., 1980)

PLANS:
UpGrRADE OF CoMPUTER RESOURCE ReauesT SorFTwARE (MarcH 1980)

IDENTIFICATION OF STATUS OF ALL LARS SOFTWARE oF INTEREST FOR ERSYS
(AprIL 1980)
GENERATION OF BARE-MACHINE 0S/VS1 system (MarcH 1980)
* SupporT 0S/VS1 BencHMARKS (REAL, VIRTUAL, CMS rLoabep) (MarcH-AprIL 1980)

SuPPORT DEVELOPMENT OF SOFTWARE AND DOCUMENTATION CONVENTIONS AND

StanDARDS (May 1980)
INsTALLATION OF EpIiTioNn 7 Mop 1 oF IMSL (AprIL 1980)

DeveLor TekTRONIX-GCS INTERFACE (June 1980)

RELATED MILESTONES: |
INSTALLATION OF RELEASE 6 oF CP AnD CMS, InsTALLATION OF BSEPP 2 (Fem. 1980)

INsTALLATION OF ERIPS on LARS (AprIL 1980)
SpecTro-MET CROP CALENDAR DELIVERY (Auc. 1980)
Remove CMS 360 rrom THE sysTeEM (Dec. 1979)

* NoT YET FUNDED
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HARDWARE TAsKs

ACCOMPLISHMENTS:
RECOMMEND APPROACH FOR ERIM access To JSC/Purpue CompuTER (Jan, 1980)

HARDWARE PLANS:
* DepicaTionN oF Two 3330-coMPATIBLE DIisks To JSC (ApriL 1980)
INsTALL ERIM HARD-WIRED TERMINALS (APRIL-MAY 1980)
INsTALL ADDITIONAL JSC PorTs (APRIL-May 1980)
Mobiry CoMMuNICATIONS CONFIGURATION TO SuPPORT NETWORK (Nov, 1980)

¥*

RELATED MILESTONES:
INsTALLATION OF 33502 Disk SysTem (ApriL 1980)
6250 BPI Tape InsTaLLATION (OcT. 1980)

*NOoT YET FUNDED
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EOD TERMINAL NETWORK
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READER
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DaTA Base Tasks

ACCOMPLISHMENTS:
RECEIVED, VERIFIED, AND ENTERED INTO DATA BASE CroP YEArR 1978
CorN/SoyBEAN SEGMENTS (FEB. 1980)
SupPORTED ALTERNATIVE SysTEM DesieN CommiTTeE (JAn. 1980)
DesieN "DoT” AUGMENTATION TO RTE DaTA Base (Fer. 1980)

PLANS: |
INTEGRATION OF “DoT” GROUND INVENTORY SysTEM IN RT&E DaTa Base (Apr. 1980)
EnNTER CrROP YEAR 1978 SmaLL Grains SEGMENTS IN RT&E Data Base (Mar. 1980)
ENTER CroP YEAR 1979 Data 1N RT&E DaTa Base (May-June 1980)

RE-0rRGANIZE TAPE LIBRARY (MarcH 1980)

RELATED MILESTONES:

INSTALLATION oF IMS DATA Base To supporT ERIPS (May 1980)
InsTALLATION OF ERSYS DATA Base ManAceMENT SysTem (May 1980)
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SEGMENT CATALOG

SEGMENT INDEX DATA FILE

Segment Specific Information

Pointers to Other Data Files

ACQUISITION LIST

Acquisition Specific Information

NEXT AVAILABLE NODE FILE

GROUND OBSERVATION LIST

Data Base Location of GT

Data Base Location

Forward and Backward Pointers

GT Acquisition Information

Forward and Backward Pointers

*%

DOT LABEL FILE
Dot Specific Information

* %

DOT LABEL TABLE

\

* OBSERVATIONS FIELD RECORDS

Field Specific Information

/

Segment Specific Information

** CROPS NAMES

Pointers to Repeated Measurement

Forward and Backward Pointers

AND STATUS LIST

kel

OFF-GRID FILE
Dot Specific Information

* REPEATED MEASUREMENTS RECORDS

Repeated Field Measurements

Forward and Backward Pointers

* Not implemented
** Implementing
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CONSULTING, TRAINING AND COMMUNICATION

ACCOMPLISHMENTS
PRESENT CMS SHorT Course AT JSC (Dec. 1979)
SupPORT ALTERNATIVE SysTeMs Desien CommiTtee (Jan,1980)
VisiTing ConsuLTanT Trips (Fes., 1980)
SupporT ERSYS DesigN Pranning (FeEr. 1980)

PLANS:

PRESENT CMS SHorT Courst AT ERIM (ApriL-May 1980)

VisiTING CONSULTANT TRIPS (BI-MONTHLY)

PROVIDE OPPORTUNITY FOR VM SYSTEMS MAINTENANCE EXPERIENCE
AT LARS 1o IBM PERSONNEL

ConsuLt witH IBM on ERSYS DEVELOPMENT

PuLISH MAJOR OPERATING AND APPLICATIONS SYSTEMS MODIFICATIONS
IN SCAN LINES AnD SRTNEWS

CMS SHorT Course Tape/SLiDE MobuLe AvAaiLABLE (May 1980)

RELATED MILESTONE:
LARSPEC Users’ Guipe AvAaiLABLE (Fes. 1980)
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ISSUES

SHouLD A SECOND CMS SHORT COURSE BE PRESENTED AT JSC?

SHouLp IBM FSD anD NASA PERSONNEL BE STATIONED AT LARS FOR A MONTH TO
SIX WEEKS TO LEARN HOW THE LARS COMPUTER FACILITY IS RUN AND
MAINTAINED (SYSTEMS, ORGANIZATION, PROCEDURES, ETC,)?

CAn LARS' KNOWLEDGE OF CMS, EXPERTISE IN REMOTE SENSING APPLICATIONS
AND DATA CORRELATION, AND EXPERIENCE WITH AN IMAGE FILE MANAGER
(THE RTRE DATA BASE) BE UTILIZED IN THE DESIGN OF THE ERSYS DATA Base?

WHAT 1S THE STATUS OF THE WEATHER DATA BASE?

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

WHAT IS THE LONG TERM ROLE OF THE LARS COMPUTATIONAL FaciLiTy?
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Task 3B

F1eLD ReEseArRcH DATA BASE MANAGEMENT AND DATA DISTRIBUTION

LARRY L. BIEHL
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F1ELD RESEARcH DATA BASeE MANAGEMENT AND DISTRIBUTION

OverALL OBJECTIVE
® ASSURE TIMELY AVAILABILITY TO RESEARCHERS OF THE JOHNSON SPACE

CENTER FIELD RESEARCH DATA STORED AT PurRDUE/LARS.

SPECIFIC OBUECTIVES FOR 1980 (AND TARGET COMPLETION DATE)

1. DISTRIBUTE FIELD RESEARCH DATA FOR ALL APPROVED REQUESTS

2. MAINTAIN AND UPDATE PRESENT DATA BASE
o INCLUDE BALANCE OF 1979 pata (U4/1/%0)

® INCLUDE AVAILABLE 1980 (11/30/80)
o ADD ADDITIONAL IDENTIFICATION INFORMATION TO SOILS DATA (7/1/80)

e ADD ADDITIONAL IDENTIFICATION INFORMATION To CRoP DATA (11/30/80)

3. REVISE AND UPDATE FIELD RESEARCH CATALOG, (5/1/87 & 11/30/%0)
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SpeciFic OBJECTIVES FOR 1980 (AND TARGET COMPLETION DATE) CON'T.

4, SOFTWARE DEVELOPMENT & DOCUMENTATION
® PROCESSING SOFTWARE
o REVISE FSS SOFTWARE FOR MORE EFFICIENT HANDLING OF THE DATA (2/15/80)
o UPDATE DOCUMENTATION FOR PROCESSING SOFTWARE: (8/31/80)

o Revise CLEVENGER SPECTROMETER SYSTEM SOFTWARE (4/30/80)

® ANALYSIS SOFTWARE
o CovpLETE LARSPEC User’s ManuaL (2/15/80)
o ExPAND LARSPEC PUNCH CAPABILITY FOR IDENTIFICATION RECORD DATA (4/30/80)
o ApD DECWRITER TERMINAL AS MEDIUM RESOLUTION GRAPHICS DEVICE (4/30/80)

e ApD cAPABILITY TO LARSPEC TO PLOT DIFFERING WAVELENGTH RESOLUTION DATA ON SAME GRAPH (7/1/80)
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2,

3,

4,

ACCOMPLISHMENTS FOR THIS QUARTER

IMPLEMENTATION PLAN PREPARED AND PRESENTED.

1879 PurDUE AcrONOMY FARM SPECTROMETER/RADIOMETER DATA AVAILABLE,

LARSPEC User’s MANUAL COMPLETED.

New LARSPEC DATA STORAGE GUIDELINES DETERMINED FOR FSS DATA COLLECTED DURING 1979
AND AFTER

o ActuaL FSS WAVELENGTH BANDS WILL BE USED FOR LARSPEC pATA BASE. DATA WILL
NOT BE STORED IN 'FORCED’ FINER WAVELENGTH FORMAT.

® FSS pata AT 1.3 ym AND 1.9 |M WATER ABSORPTION BANDS WILL BE DELETED.
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SU'MARY 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
WiLLiams Co., ND 'SPRING WHEAT SPRING WHEAT SPRING WHEAT
Hanp Co., SD -—- SPRING WHEAT SPRING WHEAT SPRING WHEAT SPRING WHEAT

Tippecance Co., IN

'U.S, & BraziL’

WeBsTER Co., 1A

McPHersoN Co., NE

WINTER WHEAT

WINTER SHEAT

WINTER WHEAT

CorN
SOYBEANS

'SoiLs’

WINTER WHEAT

CorN
SoYBEANS
WINTER WHEAT

Corn
SOYBEANS

Corn




SuMaRY OF FIELD ReSEARCH DATA BASE

Crop YeArR(s) AND STATUS

1975-1978 1979

InsTRUMENT/DATA TvPE COMPLETE CowPLETE IN PROCESSING
Lanpsat MSS WHoLe Frame CCT (FraMmes) 124 - -
AIRCRAFT MULTISPECTRAL SCANNER (DATES/FLIGHTLINES) h6/301 1/5 7/
HEL1cOPTER MOUNTED FIELD SPECTROMETER (DATES/OBSERVATIONS)

FIELD AVERAGES 74/6870 - 17/

INDIVIDUAL Scans /4/114,829 -— 17/
Truck MoUNTED FIELD SPECTROMETER (DATES/OBSERVATIONS)

NASA/JSC FSAS 145/813 — —_

PurDuE ExoTecH 20C 99/7055 25/897 —

NASA/ERL ExotecH 20D U5/645 _— —
TrRuck MoUNTED F1ELD MULTIBAND RADIOMETER (DATES/OBSERVATIONS)

Purpue ExoTECH 100 32/6077 26/7947 ——-
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PLANS FOR NEXT QUARTER

1. DaTA DISTRIBUTION
e 1979 WersTER Co., IA AND Hanp Co., SD FSS DATA WILL BE MADE AVAILABLE FOR RESEARCHERS

e 1979 WeBsTER Co., IA, HanD Co., SD, AND McPHERsON Co., NE AIRCRAFT SCANNER DATA WILL BE MADE
AVAILABLE FOR RESEARCHERS

o ADDITIONAL AGRONOMIC INFORMATION ADDED TO 1979 PurDUE AcRoNOMY FARM DATA

2, CaTaLoG

o CATALOG WILL BE UPDATED.

3. DATA BASE SOFTWARE
o [-xPANDED LARSPEC IDENTIFICATION INFORMATION PUNCH CAPABILITY IMPLEMENTED.,
o DECWRITER TERMINAL AVAILABLE AS GRAPHICS OUTPUT DEVICE,
® New FSS PROCESSING SOFTWARE COMPLETED,

o ReVISED CLEVENGER SPECTROMETER PROCESSING SOFTWARE COMPLETED,
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ISSUES/NEEDS TO BE RESOLVED

1. Cause oF ANoMoLY IN FSS DATA AROUND .7 UM,

2. Review ofF FSS REFLECTIVE WAVELENGTH BANDS. IS IT POSSIBLE/DESIREABLE TO PROCESS
FSS pata AT NASA/JSC INTO FINER BANDS?
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