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SceNE RADIATION APPLIED RESEARCH ISSUES

IN CROP IDENTIFICATION




ISSUE: WHAT ARE THE KEY CULTURAL AND BIOPHYSICAL CHARACTERISTICS OF
CROPS (WHICH ARE POTENTIALLY OBSERVABLE FOR REMOTELY SENSED
DATA) THAT PERMIT SEPARABILITY BETWEEN CROPS AND IDENTIFIABILITY
OF CROP TYPES AT HARVEST AND EARLIER IN THE SEASON?



SPECIFIC OBJECTIVES:

WHAT ARE THE KEY DIFFERENCES BETWEEN CROPS OF INTEREST AND THEIR
CONFUSION CROPS IN THE TIMING AND DURATION OF KEY PHYSIOLOGICAL AND
CULTURAL EVENTS? How DO THESE DIFFERENCES DEPEND ON ENVIRONMENTAL,
CULTURAL, AND REGIONAL EFFECTS?

WHAT ARE THE KEY DIFFERENCES IN MANAGEMENT PRACTICES AMONG CROP
TYPES? How DO THESE DIFFERENCES DEPEND ON ENVIRONMENTAL, CULTURAL,
AND REGIONAL EFFECTS?

WHAT ARE THE KEY DIFFERENCES IN CANOPY GEOMETRY AND COMPOSITION

AMONG CROP TYPES? How DO THESE DIFFERENCES DEPEND ON ENVIRONMENTAL,
CULTURAL, AND REGIONAL EFFECTS?

WHAT ARE REASONABLY REPRESENTATIVE FUNCTIONAL FORMS FOR THE
DISTRIBUTION FUNCTIONS OF THE KEY CROP CHARACTERISTICS?



APPROACH:

OBJECTIVES 1, 2, AnD U:

+ AGRONOMIC RESEARCH INTO THE LITERATURE CAN HELP ADDRESS THESE OBJECTIVES.,

REGIoNs oF INTEREST: U.S., BRAZIL, ARGENTINA
CROPS OF INTEREST: ALL (CONFUSION CROPS MUST BE INCLUDED IN THIS STUDY)
LOOK AT ESTIMATED PLANTING DATES, REGIONAL CROP CALENDARS, ETC,

+ FIELD TRIPS AND SEGMENT DATA HELP DETAIL MANAGEMENT PRACTICES

+ SEGMENT DATA CAN HELP PROVIDE SOME MORE LOCALIZED INFORMATION IN EXAMINATION
OF THE PERIODIC OBSERVATIONS.,

+ THIS INFORMATION SHOULD BE SUMMARIZED AND RELATED TO GEOGRAPHIC REGION AND
CROP MIX PRESENT.

+ OUTPUT FROM ADDRESSING THESE TWO OBJECTIVES WOULD BE A DESCRIPTIVE REPORT
ON WHICH FURTHER SPECTRAL RESEARCH COULD BE BASED.



APPROACH:
OBJUECTIVE 3:

+ LITERATURE REVIEW

» F1eLD sTupies - R & D MAY BE NEEDED TO DEVELOP METHODS OF MEASURING
CANOPY GEOMETRY.

+ RELATE TO GEOGRAPHIC LOCATION (E.G., DIFFERENT VARIETIES GROWN)



ISSUE:  WITH REGARD TO EXISTING AND PLANNED SENSORS SucH As MSS,
TM, SPOT, AND OTHER ADVANCED SENSORS, HOW CAN THE KEY CROP
CHARACTERISTICS BE OBSERVED?



S

IVES:

WHAT ARE THE FUNCTIONAL RELATIONSHIPS AMONG KEY CROP CHARACTERISTICS,
REMOTE SENSING OBSERVABLES (WITH CURRENT AND PLANNED SENSOR SYSTEMS),

AND BACKGROUND EFFECTS (E.G., SOIL BACKGROUND, ATMOSPHERIC HAZE, VIEW
ANGLE, AND SUN ANGLE?

WHAT FUNCTIONS OF REMOTE SENSING OBSERVABLES (BAND MEANS, TRANSFORMATIONS,
LINEAR COMBINATIONS, ETC.) HAVE THE FOLLOWING PROPERTIES?

+ THE OBSERVABLES ARE PREDOMINANTLY A FUNCTION OF THE CROP
CHARACTERISTIC OF INTEREST.

+ THE OBSERVABLES ARE INSENSITIVE TO BACKGROUND EFFECTS,



OBJECTIVE 1:

» A SET OF REMOTE SENSING OBSERVABLES WILL BE EXAMINED

- FOR MSS, KAUTH GREENNESS AND BRIGHTNESS

FOUR CHANNELS
RATIOS
OTHERS

- FOR OTHER SATELLITES, INDIVIDUAL CHANNELS AND RATIOS WILL BE EXAMINED.,

- FOR ALL SENSORS, RESEARCH INTO APPROPRIATE BANDS OR TRANSFORMATIONS
FOR ESTIMATION OF PARTICULAR CANOPY CHARACTERISTICS WILL BE CONDUCTED.



RELATIONSHIP OF THESE REMOTE SENSING OBSERVABLES WITH THE FOLLOWING WILL
BE EXAMINED:

BACKGROUND

TEMPORAL BEHAVIOR OF VEGETATIVE CANOPIES

So1L BACKGROUND
CanoPY Row STRUCTURE

SOLAR ELEVATION AND AzZIMUTH ORIENTATION
OpTicAaL DEPTH oF INTERVENING HAZE

Crop CHARACTERISTICS

GReeN LEAF AREA INDEX
PerceNT SoiL Cover

GREEN BiomAss
DEVELOPMENT STAGE

LeaF Srope DisTRIBUTION (E.G., THE VERTICAL AND HORIZONTAL COMPONENTS OF
LAD)

Canopy CONDITION

Canopy ComposiTiON (E.G., CANOPY MOISTURE CONTENT, LEAF CHLOROPHYLL
CONTENT, ETC.)



» VALUES WHICH ARE DIFFERENTIABLE AND NOT DIFFERENTIABLE WILL BE IDENTIFIED
AS WELL AS ANY SATURATING VALUES (1.E,, WHEN THE REMOTELY SENSED MEASUREMENT
DOES NOT CHANGE WITH INCREASING VALUES OF THE CANOPY PARAMETER, )

' FUNCTIONAL RELATIONSHIPS BETWEEN REMOTELY SENSED VARIABLES (BANDS, TRANSFORMS)
AND THE KEY CROP CHARACTERISTICS WILL BE DETERMINED,

. WHAT ARE THE PREDOMINANT CHARACTERISTICS RESPONSIBLE FOR THE "DIP" IN
BRIGHTNESS OBSERVED PRIOR TO CROP SENESCENCE?
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v+ GIVEN THESE FUNCTIONAL RELATIONSHIPS, WHICH TRANSFORMATIONS (OR BANDS)
MAXIMIZE SENSITIVITY TO VARIOUS INDIVIDUAL CROP CHARACTERISTICS AND
MINIMIZE SENSITIVITY TO UNDESIRED BACKGROUND EFFECTS?
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ISSUE: WHAT NEW KINDS OF OBSERVATIONS ARE NEEDED TO IMPROVE THE ESTIMATES
OF KEY CROP CHARACTERISTICS SHOWN TO PERMIT SEPARABILITY BETWEEN

CROPS AND IDENTIFIABILITY OF CROP TYPES?
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APPROACH:

« SPECTRAL MEASUREMENTS MUST BE ACQUIRED IN THE FIELD AND AT SITES WITH
SENSORS OTHER THAN THE CURRENT AND PLANNED SENSORS

ExoTECH 20C OR HELICOPTER/AIRCRAFT TO COVER OTHER VISIBLE
AND NEAR-TO-MIDDLE IR REGIONS

THERMAL MEASUREMENTS

MICROWAVE MEASUREMENTS

JLLUMINATION/VIEW ANGLE MEASUREMENTS

OTHER?

+ THEN ANALYSIS OF DATA WILL COMPARE THE POWER OF THE DATA TYPES FOR
DISCRIMINATION PURPOSES.
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SSUE :

WHAT KEY DEVELOPMENT STAGES OF CROPS CAN BE DETERMINED
FROM SPECTRAL, METEOROLOGICAL, AND CROP CALENDAR
INFORMATION?
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SpeciFic OBJECTIVES:

1.

To DETERMINE WITH WHAT PROBABILITY CAN WE DISCRIMINATE DEVELOPMENT STAGES USING
SPECTRAL, METEOROLOGICAL, AND CROP CALENDAR DATA.

To DETERMINE WHAT CHARACTERISTICS OF DATA IN SPECTRAL/AGRONOMIC SPACE PROVIDE
INFORMATION RELATED TO CROP DEVELOPMENT STAGE.

To DEVELOP A MODEL USING SPECTRAL, METEOROLOGICAL, AND CROP CALENDAR DATA TO
ESTIMATE DEVELOPMENT STAGE.,
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APPROACH:

OBJECTIVE 1:

+ APPLY KNOWLEDGE AND TECHNIQUES DEVELOPED DURING THIS QUARTER TO
LANDSAT DATA FROM SEGMENTS.

OBJECTIVE 2:

+ CONTINUE TO INVESTIGATE SPECTRAL/AGRONOMIC SPACE USING STEREO
PAIRS OF PLOTS AND TRAJECTORY PLOTS OF THE DATA,

OBJECTIVE 3:

» DEFINE APPROACH BASED ON THE RESULTS FROM OBJECTIVES 1 AND 2,



DATA REQUIREMENTS:

+ SPECTRAL DATA AND TIMELY AGRONOMIC DATA OF CORN AND SOYBEANS

- FIELD RESEARCH DATA ON CORN AND SOYBEANS (EXISTING)
- LANDSAT SEGMENT PERIODIC OBSERVATIONS
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DETERMINATION OF THE OPTIMAL LEVEL FOR
CoMBINING ACREAGE AND YIELD ESTIMATES

MARILYN M, Hixson
LARS / PurbpuE

Jury 8, 1981
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- OBJECTIVE

DETERMINE THE OPTIMAL LEVEL FOR COMBINING AREA
AND YIELD TO ESTIMATE PRODUCTION,
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YIELD ESTIMATION g1l

e CCEA MODEL VARIABLES USED AT THE STATE LEVEL WILL BE USED FOR ALL LEVELS:

Towa CoRrN IowA SOYBEANS
LINEAR TREND 19111-60 LINEAR TREND 1932-74
LINEAR TREND 1961-72 CUMULATIVE PREcCIP OcT-APr DFN
May TEMP * PRECIP May TEMP * PRECIP
JUNE TEMP * PRECIP June Temp DFN
JUNE TEMP (DFN)2 JuLy pPrecip DFN
Jury precip DFN JuLy TeMP DFT
JuLy Temp DFT Aue. Precip DFN
JuLy TEMP (DFT)2 Aue. pRecip (DFN)Z
Auc. Temp DFT Auc. Temp DFT

NoTte: DFN = DEPARTURE FROM NORMAL
DFT = DEPARTURE FROM TREND



YIELD ESTIMATION

To ENABLE ESTIMATION OF YIELD AT ALL LEVELS OF INTEREST, METEOROLOGICAL ESTIMATES
ARE NEEDED AT EACH LEVEL (E.G., COUNTY, REFINED STRATUM),

METEOROLOGICAL DATA AVAILABLE WERE DAILY REPORTS OF MINIMUM TEMPERATURE, MAXIMUM
TEMPERATURE, AND PRECIPITATION FROM ALL COOPERATIVE METEOROLOGICAL STATIONS IN
lowa (POINT ESTIMATES).

* METEOROLOGICAL DATA WERE SMOOTHED BY THE WAGNER VARIATIONAL ANALYSIS TECHNIQUE
TO OBTAIN ESTIMATES FOR POLYGONS OF INTEREST.

' USING THESE VARIABLES AND SMOOTHED MET DATA, REGRESSION COEFFICIENTS WERE
DEVELOPED FOR EACH SET OF STRATA UTILIZING

1931 - 1977 MeTeoroLocicAL DaTA
1932 - 1977 YieLp Data (USDA StaTisTICS)

* 1970 WAS NOT USED IN CORN YIELD MODEL DUE TO BLIGHT YEAR.,
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VARIANCE OF YIELD ESTIMATES

+ VARIANCE OF YIELD ESTIMATES WAS COMPUTED FROM THE REGRESSIONS BY
AN 2 / 4 N1
ViY)= o JIx (1+ &' (X"X) m)

' TABULAR VALUES ARE AGGREGATED WEIGHTING BY CROP AREA IN EACH STRATUM,

STRATIFICATION No. oF CORN SOYBEANS
SYSTEM STRATA VARIANCE ﬁ?&?ﬁ¥¥gﬁ VARIANCE ﬁ?&?ﬁ¥¥gﬁ
STATE 1 109.6 10.5 14,2 3.8
CRD 9 17.0 4,1 2.4 1.5
COUNTY 99 2.1 1.4 0.3 0.5
REFINED 3 44,9 6.7 6.7 2.6

REF/SPLIT 3 20.8 4.6 3.1 1.8




VARIANCE OF AREA ESTIMATES

* COMPUTED USING METHODS DESCRIBED BY CHHIKARA AND PERRY.

* NUMBER AND DISTRIBUTION OF PC’'s AND GPC’'s OBTAINED FROM NASA.
FOR REGIONS WITHOUT IMAGERY, POTENTIAL SEGMENTS WERE ASSIGNED
THE SAME DISTRIBUTION AS OBSERVED SEGMENTS IN THAT COUNTY,

* FIELD SIZE ESTIMATES OBTAINED FROM D. PITTS DATA BASE.
COUNTIES WITHOUT SEGMENTS WERE ASSIGNED A FIELD SIZE OF
A COUNTY WITH SIMILAR FARM SIZE IN GEOGRAPHIC PROXIMITY.
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VARIANCE OF AREA ESTIMATES

2

Two METHODS WERE UTILIZED 6, = AX

F1eLp Size:

PIXEL SIzE:
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VARIANCE OF PRODUCTION ESTIMATES
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ESTIMATED 1978 CORN PRODUCTION FOR IOWA
PIXEL SIZE VARIANCE ESTIMATION METHOD

CH SUnt
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1000000
800000 -
600000
]
400000
o

200000 -

CRD REF _REF/SP STATE
SYSTEM

SHADED AREA IS ESTIMATED PRODUCTION PLUS OR MINUS STD ERROR



‘ESTIMATED 1978 SOYBEAN PRODUCTION FOR IOWA
PIXEL SIZE VARIANCE ESTIMATION METHOD

SH SUM
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. —— ]

210000

160000
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]
120000
80000

]
60000 -

30000 A

CRD REF REF/SP STATE
SYSTEM

SHADED AREA IS ESTIMATED PRODUCTION PLUS OR MINUS STD ERROR



o

1. MAJORITY OF HARDWARE SPECIFIED AND ORDERED

2. PLANS MADE FOR MODIFICATION OF PICK-UP TRUCKS
3, PURDUE DATA LOGGER STREAMLINED FROM PROTOTYPE
4, PLANS FOR HELICOPTER SYSTEM BEGUN

e QU

1. INSTALL BOOMS ON PICK-UP TRUCKS
2. INSTALL POLYCORDER DATA LOGGERS AND OTHER INSTRUMENTATION -
usiNG MobeL 100 SENSORS
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N B N = Ul
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EQUIPMENT ACQUISITION

BARNES MoDEL 12-1000 MODULAR MULTIBAND RADIOMETERS
OMNIDATA POLYCORDER DATA LOGGERS (TRUCK OPERATIONS)
PURDUE DATA LOGGERS (HELICOPTER OPERATION & BACK-UP)
N1koN/PURDUE 250 FRAME 35MM MOTOR DRIVE CAMERAS
NIKON 36 FRAME 35MM MOTOR DRIVE CAMERAS

LONG BOOM WITH PICK-UP TRUCK MODIFICATIONS

SHORT BOOM WITH PICK~UP TRUCK MODIFICATIONS

SHORT BOOMS

CALIBRATION PANELS

27



FIELD RADIOMETER ACQUISITION

SPECIFIC OBJECTIVE:

To ACQUIRE FIELD RADIOMETERS, DATA LOGGERS, AND INSTRUMENTATION
BOOMS NECESSARY TO AUGMENT THE SUPPORTING FIELD RESEARCH GROUND
DATA ACQUISITION.
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1. MAJORITY OF HARDWARE SPECIFIED AND ORDERED
2. PICK-UP TRUCK MODIFICATIONS AND INITIAL INSTRUMENTATION COMPLETED
VisiTs To KanNsAs STATE UNIVERSITY AND UNIVERSITY OF NEBRASKA FOR
INSTALLATION OF INSTRUMENTS
3. CONSTRUCTION OF FOUR HIGH SPEED DATA LOGGERS - 50% COMPLETE
4, FourR OMNI DATA UNITS RECEIVED, TESTED, DISTRIBUTED TO
Kansas STATE UNIVERSITY (2)
IINIVERSITY OF NEBRASKA (1)
PurDue/LARS (1)

. S

1. RECEIVE AND TEST PRODUCTION MODELS OF THE BARNES MopeL 12-1000
MULTIBAND RADIOMETER

2. DISTRIBUTE TESTED RADIOMETERS FOR USE WITH OMNI DATA LOGGERS




1981 DEPLOYMENT

JZ

MODIFY CAL
SITE SENSOR ~BOOM - TRUCK  ~ LOGGRER CAMERA PANEL COMPLETE
PURDUE MMR LONG YES POLY 250MD 2 *VES
PURDUE
KANSAS STATE MMR LONG YES POLY 36MD 3 *YES
S. DAKOTA STATE MMR SHORT YES POLY 250mMD 2 *VES
NEBRASKA MMR LONG YES POLY 250MD 2 *YES

*EXCEPT MMR, DELIVERY EXPECTED IN AUGUST.



TRAINING AND COORDINATION
OF
RADIOMETER USERS

OVERALL OBJECTIVE:

TRAIN AND COORDINATE NEW INVESTIGATORS IN THE USE OF FIELD

RADTOMETER SYSTEMS

SPECIFIC OBJECTIVES:
- IDENTIFY AND SELECT USERS
~ PREPARE AND DISTRIBUTE MANUALS DESCRIBING SYSTEM OPERATION,

DATA HANDLING, MAINTENANCE, AND CALIBRATION
- CONDUCT ON SITE TRAINING SESSIONS




/PLISHIENTS. FOR THIS QUA
INVESTIGATORS VISIT PurRDUE/LARS (ONE WEEK) FOR DISCUSSIONS OF
FIELD SYSTEMS

- KANSAS STATE
- S.D. StATE
- NEBRASKA

PURDUE/LARS INVESTIGATORS VISITS (TWO DAYS) TO

- KaNSAS STATE
~ NEBRASKA




