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PREFACE

The following report serves as the Quartérly Report for Contract
NAS9-15476 which is entitled "Analysis of Scanner Data for Crop
Inventories". This report describes the work carried out under that
contract for the period 7 March 1979 through 6 June 1979.

Work on this contract is performed in the Infrared and Optics Divi-
sion directed by Mr. Richard R. Legault. Dr. Quentin A. Holmes is the
i Program Manager for this contract and Mr. Robert Horvath is the Technical

Manager.

% ’ This contract is part of a comprehensive and continuing program of
research concerned with advancing the state-of—the—art in remote sensing
of the environment from aircraft and satellites. The research is being
carried out for NASA's Lyndon B. Johnson Space Center (JSC), Houston,

- Texas, by the Envirohmental Research Institute of Michigan (ERIM). The

basic objective of this multidisciplinary program is to develop such

information systems as practical tools which will provide planners and

decision-makers extensive accurate information quickly and economically.

Substantive progress was made during the reporting period on all as-

-8 pects of the current year's program. In order to clearly represent what

gis

was being accomplished and why, a somewhat unique format was used in

v ‘r..

S RN

% orally presenting the ERIM work at the Supportiﬁg Research and Technology
(S.R.&T.) Quarterly Review held at NASA/JSC on 4-6 June 1979. A running
narrative was presented which simultaneously highlighted technical pro-

gress and showed the interrelationships between the various tasks and
subtasks. This narrative was interspersed with six detailed technical
preséntations treating topics in greater depth. The materials which con-

stitute this Quarterly Report are the visual aids in that presentation.

1ii

. . ILMED

TR T TR

AT T




SECOND QUARTERLY PROGRESS REVIEW
. o 4 |

ANALYSIS OF MULTISPECTRAL SCANNER DATA
' FOR CROP INVENTORIES

ConTRACT NASO-15476

ENVIRONMENTAL RESEARCH INSTITUTE OF MICHIGAN
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OVERALL LONG RANGE OBJECTIVE
oF
LARGE SCALE REMOTE SENSING

DEVELOPMENT OF GLOBAL ENVIRONMENTAL
MONITORING AND MANAGEMENT SYSTEM

B T R T R i




AT T
< S :
gch 3 -

COMPONENTS OF AN ENVIRONMENT MONITORING

AND MANAGEMENT SYSTEM

o INFORMATION SYSTEM
® FORECASTING SYSTEM
¢ Decision-MakinGg SysTEM
® MANAGEMENT AcTIONS

- DEVELOPMENT OF THE INFORMATION SYSTEM USING REMOTELY SENSED AND COLLATERAL
DATA IS TECHNOLOGICALLY REALIZABLE AND DRIVE OUR MAJOR RESEARCH GOALS.

- DEVELOPMENT OF OTHER SYSTEMS IS EQUALLY CRITICAL.

CURRENT ACTIVITY IS DIRECTED TG MONITORING CROP PRODUCTION,

ERIM
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CONTRACT OBJECTIVE

ADVANCE THE STATE-OF-THE-ART IN EXTRACTING INFORMATION
FROM REMOTELY SENSED MSS DATA AND COLLATERAL DATA, FOR

THE PURPOSE OF CROP PRODUCTION FORECASTING
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TASKS |

® (OBJECTIVE LABELING TECHNIQUE DEVELOPMENT

- OBJECTIVE: DEVELOP THE TECHNOLOGY TO ACCURATELY
AND OBJECTIVELY LABEL SCENE ELEMENTS BASED ON
REMOTELY SENSED AND COLLATERAL DATA

< - ® MACHINE PROCESSING TECHNIQUE DEVELOPMENT

- OBJECTIVE: CREATE A MACHINE ENVIRONMENT FOR
EFFECTIVE LABELING AND FOR THE EFFICIENT USE
OF LABELS IN A LARGE-SCALE CROP PRODUCTION
FORECASTING SYSTEM

ERIM




CROP PRODUCTION INFORMATION SYSTEM
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SYNOPSIS OF TASKS

OBJECTIVE LABELING

FEATURE DEFINITION

SPECTRAL/TEMPORAL/SPATIAL
LANDSAT DATA STRUCTURE

S1GNATURE CHARACTERIZATION

CROP SPECIFIC/TEMPORAL TRAJECTORY STATISTICS/GENERALIZED SIGMATURES

LABELING TECHNIQUES DEVELOPMENT

Al AIDS/MACHINE LABELING/UNDERSTANDING LABELING ERRORS

MACHINE PROCESSING

DATA NoRMALIZATION

LANDSAT CALIBRATION/ATMOSPHERE EFFECT CORRECTION

STRATIFICATION, SAMPLING AND ESTIMATION

FIELD DEFINITION/BIAS AND VARIANCE REDUCTION

ERROR MopeEL DEVELOPMENT

SYSTEM ANALYSIS /PERFORMANCE MEASURES

TeEST AND EVALUATION

SYSTEM VERIFICAT@ON/GENERATE NEW HYPOTHESES

ADVANCED TECHNOLOGY

CRITICAL ANALYSIS OF FUTURE NEEDS

e Aa e s Ba Efs. . il
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OBJECTIVE LABELING TASK

® MaJor ELEMENTS:
- FEATURE DEFINITION
- SIGNATURE CHARACTERIZATION

- LABELING PROCEDURES AND TECHNIQUES

0T

® FocAL PoINTS:
- WINTER WHEAT
- SPRING WHEAT AND OTHER SPRING SMALL GRAINS

- TeMPORAL CHARACTERISTICS OF SPECTRAL DATA
AND RELATIONSHIPS WITH COLLATERAL DATA
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ELEMENTS-OF OBJECTIVE LABELING

® FEATURE DEFINITION

- UNDERSTAND STRUCTURE AND CHARACTERISTICS OF SPECTRAL DATA

- DETERMINE FEATURES EXTRACTABLE FROM LANDSAT AND COLLATERAL
DATA

- DETERMINE AGRONOMIC AND PHYSIOLOGICAL SIGNIFICANCE #ND
INFORMATION POTENTIAL OF FEATURES

® SIGNATURE CHARACTERIZATION
~ DEVELOP GENERALIZED METHODS FOR DESCRIBING FEATURES
- DEVELOP NORMALIZATION PROCEDURES
- SELECT FEATURES AND UNDERSTAND INTERRELATIONSHIPS

e [ABELING TECHNIQUE DEVELOPMENT
- DEVELOP IMPROVED IMAGE PRODUCTS AND LABELING AIDS
- DEVELOP OBJECTIVE LABELING PROCEDURES
- EXAMINE LABELING ERROR PATTERNS
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FEATURE DEFINITION

OBJUECTIVE

DERIVE OR DETERMINE DISCRIMINATIVE FEATURES FOR Use
IN LABELING SceNE ELEMENTS As 1O THEIR CroP TYPE




FEATURE DEFINITION

APPROACH

UNDERSTAND TEMPORAL CHARACTERISTICS OF SPECTRAL DATA FROM WHEAT
- STUDY CROP CHARACTERISTICS
- GENERATE AND ANALYZE SIMULATION DATA

€T

- ANALYZE FIELD MEASUREMENT DATA
- ANALYZE LANDSAT DATA

UNDERSTAND THE STRUCTURE OF LANDSAT DATA
- DEVELOP RELATIONSHIPS BETWEEN IN-BAND REFLECTANCES- AND
LANDSAT DATA "
- STUDY RELATIONSHIPS BETWEEN:
LANDSAT BANDS
LANDSAT BAND RATIOS

COMBINATIONS OF BANDS, SUCH AS THE
TAsSeLED-CAP VARIABLES

é
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FEATURE DEFINITION

ApPRoOACH (CONTINUED)

DerINE FEATURES FOR CROP DETECTION AND IDENTIFICATION

TIME .PROFILES DEPICTING GREEN DEVELOPMENT

TIME PROFILES DEPICTING CROP RIPENING AND MATURATION

DISTINCTIVE CHARACTERISTICS OF THOSE PROFILES, E.G.:
.+ PEAK GREEN AND DAY OF OCCURRENCE

.+ DAY OF EMERGENCE, HARVEST, ETC.

.+ RATES OF GREEN-UP AND SENESCENCE

- CONTEXTUAL FEATURES

DETERMINE AGRONOMIC AND PHYSIOLOGICAL SIGNIFICANCE OF FEATURES
- AGRICULTURAL PRACTICES
- SOIL EFFECTS
- DROUGHT AND OTHER STRESSES
~ RELATIONSHIPS TO COLLATERAL DATA

ERIM
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FEATURE DEFINITION
SR PROGRESS
28 "
o . UNDERSIANDING TEMPORAL CHARACTERISTICS OF WHEAT SPECTRA
x - FORMULATED SPECTRAL PHENOLOGY MODEL
3 - Beean ANALysIs oF USDA/PHOENIX REFLECTANCE MEASUREMENTS
] & | - | | o -
®  UNDERSTANDING RELATIONSHIPS WITHIN AND BETWEEN SPECTRAL DATA SPACES
~ STUDIED LANDSAT BANDS AND BAND RATIOS VS, TASSELED-CAP VARIABLES
- RELATED IN-BAND REFLECTANCES TO LANDSAT BANDS
|
5 ERIM.-
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TEMPORAL CHARACTERISTICS OF WHEAT SPECTRA
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TEMPORAL CHARACTERISTICS OF WHEAT SPECTRA

OBJECTIVES

o TO DEVELOP DISCRIMINATIVE FEATURES FROM WHEAT SPECTRAL DATA ACQUIRED
THROUGHOUT THE GROWING SEASON |

o To DEVELOP IMPROVED UNDERSTANDING OF THE SPECTRAL CHARACTERISTICS OF
WHEAT, AS A FUNCTION OF:
- DATE AND CROP CALENDAR

OBSERVATION CONDITIONS

METEOROLOGICAL PARAMETERS

AGRONOMIC FACTORS

APPROACH

® ANALYZE AVAILABLE DATA
- FIELD MEASUREMENT DATA
- LAnDSAT DATA FrRomM LACIE anp LACIE-TRANSITION SITES

o §YNTHESIZE AND BEGIN TO USE A SPECTRAL PHENOLOGY MODEL FOR WHEAT

ERIM
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APPROACH TO SPECTRAL PHENOLOGY MODEL FOR WHEAT

FORMULATE OVERALL STRUCTURE -
ACQUIRE STATE-OF-THE-ART (SOA) OR NEAR-SOA SUBMODELS
- WHEAT GROWTH MODEL

~ CROP REFLECTANCE MODEL

- ATMOSPHERIC EFFECTS MODEL

~ SENSOR MODEL

- PREPROCESSING MODEL

DEVELOP REQUIRED INTERFACES

OBTAIN INPUT AND TEST DATA

IMPLEMENT AND TEST THE SYNTHESIZED MODEL

BEGIN USE OF THE MODEL IN DEVELOPING OBJECTIVE TECHNIQUES FOR
LABELING MULTISPECTRAL SCANNER DATA

UPDATE AS IMPROVED SUBMODELS BECOME AVAILABLE

ERIM -
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“SEED-TO-SATELLITE" MODEL

OuTPUT

I

PREPROCESSING
& FEATURE
EXTRACTICN

MAODEL

SENSOR
RESPONSE
MODEL

ATMOSPHERIC 1
AND SOLAR ) 4— TurNer RADIATIVE TRANSFER MODEL

EFFECTS MODEL
|

OBSERVATION 1
CONDITIONS
- R P
C.@E@éﬁ;ﬁ? < UITS BipirecTioNAL CANOPY SPECTRAL
MODEL RFFLECTANCE MODEL

l INTERFACE l

WHEAT GROWTH
Enoosl.o <— RITCHIE WHEAT GRowTH MoDEL

INTERFACE

i

METEOROLOGICAL & AGRONOMIC
ANCILLARY VARIABLES

RN Al 5 & gt 4
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PLANNED ACTIVITIES (18 MONTHS)

® SYNTHESIS OF THE MODEL

@ TESTING AND VALIDATION, USING:
- USDA FIELD MEASUREMENT DATA
- LACIE FIELD MEASUREMENT DATA
- PossiBLy, LACIE INTENSIVE TEST SITE DATA

® AcQUISITION OF METEOROLOGICAL DATA (E.G., oVER 30 YEARS)

0¢

- DAILY MAXIMUM AND MINIMUM TEMPERATURES
- DAILY PRECIPITATION g
- SOLAR RADIATION OR CLOUD COVER, AS AVAILABLE .

@ PRINCIPAL COMPONENT CHARACTERIZATION OF METEOROLOGICAL DATA SHOULD PROVIDE
- BASELINE SCENARIO ]

- LIMITED NUMBER OF DEVIANT SCENARIOS, YET REPRESENTATIVE OF MAJOR
VARIABILITY

ERIM
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ANALYSIS OF FIELD MEASUREMENT DATA

DATA SET DETERMINATION

"MEASURED AND PROVIDED BY:

- DR. Ravymonp JAckson, ET AL, USDA

= U.S. WATER CONSERVATION LABORATORY, PHOENIX, ARIZONA
EXPERIMENT DESIGNED TO DETERMINE WATER STRESS EFFECTS ON WHEAT
Y1ELD (1977-1978 GROWING SEASON)

EXPERIMENT FACTORS

- MOISTURE TREATMENT: SIX LEVELS OF IRRIGATION

- CROP: TWO WHEAT VARIETIES AND ONE BARLEY
(NoTE: PLANTING DENSITIES GREATER THAN NORMAL FOR
N. GReaT PrLaiINns)

SPECTRAL MEASUREMENTS -

- HAND-HELD LANDSAT-BAND RADIOMETER

- DAILY MEASUREMENTS, WEATHER PERMITTING
AGRONOMIC MEASUREMENTS

CrROP GROWTH STAGE (MODIFIED FEEKES SCALE)

LEAF AREA
STEM LENGTH

ERIN

WET AND DRY WEIGHTS




ANALYSIS OBJECTIVES BEARING ON CHOICE

| . OF FEATURES FOR DISCRIMINATION

o TO DETERMINE SPECTRAL DEPENDENCE ON GROWTH STAGE AND DATE

44
o

To DEVELOP IMPROVED METHODS FOR INTERPRETING REFLECTANCE DATA PATTERNS

e To DETERMINE CHARACTERISTICS OF GREEN MEASURES

ERIM




Band 5 Reflectance
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TEMPORAL PATTERN OF REFLECTANCE IN TWO BANDS

(PLot 3A, WeT TREATMENT, SMOOTHED DATA)

BAND 5 REFLECTANCE
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9.2,(94) DEPENDENCE OF WHEAT SPECTRUM ON ‘ 1
: %‘1)0‘{); GROWTH STAGE AND DAYS SINCE PLANTING
10.4¢ ; (PLOT 3A, WET TREATMENT) j
0.48° 10.5 + , |
! 037 6.0 (73) ?
0.40-[} 1200 ‘ |
y 111 \ vs .0 (66)
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4 9 11 2 (137 e
q g 0.32- '\’4 —— 11.4 (150)
1? ° . (57) 11.3¢ T B
| R o \\
} o - 3.0
g 0.24- NOTES: .
-3 ‘ . e Smoothed data values
: . “» 2.0 (43) *Growth stage in modified
; Feekes Scale
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REPRODUCIBILITY OF TH
E
| ORIGINAL PAGE IS POOT™

GROWTH STAGES re————ST1EM EXTENSION +——HEADING —+ RIPENING [~
IN CEREALS o | STRCE
: STAGE ">
10.1 tlowering
STAGE | (see (wheat)
STAGE 10 notes)
9 in"boot*
-

ligule of i ff\\ ==
fe———— T ILLERING =—mre————> STAGE ¢t jeat (f'p \\‘ | Y ;
O N BN |
. visible g ~ P
sTAGE 93,10 ,5 0 i I :
STAGE 7 visible q N\ < //'?‘ :;’ { P :
6 second i M 7 ) ' ) s
_ node / i | o K / .
STAGE first visible™ \ t _! I3 AN :
5 node 4 , #y i \'h/ I '
STAGE of stem = /\\ (Y U ;
TaGe 4 leaf~ | yisible ) W) ‘o A
STAGE $ sheaths "} ] { ) \ 3

STAGE 3 JCQ{; strontglg ( - //’ M ‘) \ \ N ! j
i tillers sheatns erecte ,/7\‘ \ \ ! 1 . ] ! P "\’
one tillering formed tengthen lrt 1) \ ) /‘ {/( // ‘i 1 (S
shoot  DeYins \ /e '/ I EE ,’ -/ } |
Ny V=, Yol ) i ) ]
YA . J ' i ,
N N q

\. ’//\\\ <= ///"s A, /\}[2 /!9 J‘(i ,
A eV N Y L S XOI2 ;

t One shaot (number of leaves can be added) = ‘brairding™)
2 Beginping of tillering
3 Tillers formed, leaves ofien twisted spxr.\lly In some var-
ietics of winter wheats, plants ny be ‘creeping’ or pros-
trate r TILLERING
4 Beginning of the crection of the pseudo-stem, leaf-sheaths
bexinning to lengthen
Pscudo-stem {formed by sheaths of icaves) strongly
crected J

ki ite

wn
N o i e i

6 First node of stem visible at base of shoot I

7 Seccond nade of stem formed, nest-to-last leaf just visible ‘

8. Last leaf visible, but still rolled up; car beginning to swell ¢ Stenm 3

o lLigule of last Teat’ just visible LXTENSION :

o - Sheath of last leaf completely grown out, car swollen but |
not yet visible J

10.1 First cars just visible (awns just showing in barley, car) - E
escapiny through split of sheath in wheat or 04ts) 3

10.2 Quarter of heading process completed 1

10.3 Lhalf of heading process completed f HeADING

- 10.4 Three-quarters of heading process completed
10.§  All cars out of sheath

10.5.1 Beginning of lowering (wheat)

1052 I low ering complete to top of car FLOWLRING
10.5.3 Flowering over at base of car (WHEAT) k
10.5.4 lowering over, kernel watery-ripe J

ey

ke

1.t Milky-ripe 13
11.2 ~ Mealy-vipe, contents of kernel soft but dry v
1.3 Kernel hard (difficult to divide by thumb-nail)
11.4  Ripe for cutting.. Straw dead

o | MODIFIED FEEKES SCALE

25

RiPENING
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% Ry = K 3, iy Ly e
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“Band 7 Reflectance

DEPENDENCE OF WHEAT SPECTRUM ON
9.0 (97) - - GROWTH STAGE AND DAYS SINCE PLANTING

8.4 (93) (PLOT 6A, DRY TREATMENT) {

5.8 (74)

11.1 5.0
(119) ol , Growth Stage (Days Since Planting)
: P -
11.4 (148)
1

4.0 (52)

28 NOTES :

¢ Smoothed data values

2.0 (43) e Growth stage in modified
Feekes Scale )
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N | SUMMARY OF OBSERVATIONS ON REFLECTANCE DATA
FOR THE SIX PRODURA WHEAT PLOTS

e A Werr DeriINeD LoopING PATTERN 1s PRESENT IN SMOOTHED DATA.

i e Peak INFRARED BAND REFLECTANCES OccURRED JusT PRIOR To HEADING, 1.E., DURING
3 DEvELOPMENT oF THE FLAG LeAF.

e REFLECTANCES GENERALLY DecrReEASED ProPORTIONALLY TowarD THE OrIGIN Durinc HEADING
o AND To THE MiLky-Ripe Stace (11.1).

& * VisiBLE BAND REFLECTANCES THEN INCREASED SUBSTANTIALLY THROUGHOUT REST oF
R1PENING PROCESS, WITH SMALLER DECREASES IN THE INFRARED.

e MorsTure STress EFFecTs ARE EVIDENT,

* LopcInG EFFECT 1S PRONOUNCED.

4

[

?

i

I

|
[
i

i

e CoMmPARABLE PATTERNS Ex1sT IN TAsSeLED-CAP-EQuIVALENT VARIABLES.

CauT10NS REGARDING GENERALIZATIONS:

— PRELIMINARY ANALYSIS
— SINGLE VARIETY, GROWN OUT OF NORMAL GEOGRAPHIC REGION
— HIGHER PLANTING DENSITY THAN NORMAL FOR N, GREAT PLAINS

ERIM
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INTERPRETATION OF REFLECTANCE -DATA

e PRINCIPAL COMPONENT ANALYSES
— DEFINED PRINCIPAL PLANE USING ALL DATA -
— DEFINED SOIL LINE USING SOILS DATA

e APPROXIMATED LANDSAT BAND-To-BAND CALIBRATION RATIOS-

o PropuceD TASSELED-CAP-EQUIVALENT VARIABLES -

e CompuTED TIME PROFILES FOR SEVERAL DIFFERENT GREEN MEASURES

- SOME COULD DIFFER FROM THOSE OF CORRESPONDING LANDSAT
“ VARIABLES DUE TO EFFECTS OF PATH RADIANCE

ERIM




TASSFIEN-CAP-EQUIVALENT SPECTRAL TRAJECTORY |
(PLot 6A, DRY TREATMENT) _ |
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CRITERIA FOR SELECTING GREEN MEASURES

SHAPE OF TIME PROFILE

- UéEFULNESS FOR CROP CALENDAR SHIFT CALCULATIONS
- EASE OF FITTING MATHEMATICAL FORM
- EMPHASIS OF PARTICULAR GROWTH STAGES

STABILITY

~ Low VARIANCE

- LACK OF SENSITIVITY TO CERTAIN FACTGRS
CORRELATION WITH AGRONOMIC VARIABLES
USEFULNESS FOR DISCRIMINATION
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| COMPARISON OF GREEN MEASURES:
3 | GREENNESS AND BAND 7/BAND 5
o (PLOT 6A, DRY TREATMENT, SMOOTHED DATA)

GREENNESS‘
L
=5
@ 2
&
e
o
o
L
: s 40 60 80 100 120 140 160 ERIM
DAYS SINCE PLANTING
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GREEN MEASURE
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COMPARISON OF GREEN MEASURES (CONTINUED)

BAND 7 .
\/ panp 5 MND GREEN ANGLE

(PLOT 6A, DRY TREATMENT, SMOOTHED DATA)

GREEN ANGLE-

/BAND 7,,_J’
BAND 5

T
o

0 60 8 .100 120 140 160
© DAYS SINCE PLANTING
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‘GREEN MEASURE

VI AND TVI
(PLOT 6A, DRY TREATHENT, SMOOTHED DATA)
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STATUS

e PRELIMINARY ANALYSIS OF FREQUENTLY MEASURED WHEAT REFLECTANCE AND AGRONOMIC.-
DATA HAS CLARIFIED OR REFINED KNOWLEDGE OF GRoWTH STAGE DEPENDENCE.

_.—_PADDITIONAL ANALYSES PLANNED
~ ADDITIONAL DATA NEEDED FOR GENERALIZATION

® INSIGHT GAlnED ABouT TIME PROFILES OF GREEN MEASURES
-~ No SINGLE MEASURE LIKELY TO BE OPTIMUM FOR ALL PURPOSES
~ — ADDITIONAL ANALYSES PLANNED |
~ LANDSAT DATA NEEDED FOR FINAL CHARACTERIZATION AND SELECTION

143

. AN IMPROVED APPROACH FOR ANALYZING AND INTERPRETING REFLEC*ANC: DATA IN TERMS

OF LANDSAT HAS BEEN ESTABLISHED,
— ADDITIONAL DISCUSSION IN NEXT PRESENTATION
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LANDSAT SPACE, REFLECTANCE SPACE, AND THE TASSELED CAP

PETER F. LAMBECK
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LANDSAT SPACE, REFLECTANCE SPACE, AND THE TASSELED CAP

OBJECTIVES

® UNDERSTAND THE RELATIONSHIP BETWEEN DATA VALUES AND
THETR FoUR-DIMENSIONAL STRUCTURE IN LANDSAT SPACE
AND IN REFLECTANCE SPACE.

® AcouirRe INsiGHTS ABouT THE INFOrRMATION CONTENT OF
LANDZAT DaTA (AND, PoTENTIALLY, THEMATIC MaPPER DATA)
PeErTAINING To CroP DEVELOPMENT AND IDENTIFICATIQN.

ERIM
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LANDSAT SPACE, REFLECTANCE SPACE,‘AND THE TASSELED CAP

APPROACH 7

@ ReLATE PosiTions -IN THE LANDSAT GREENNESS VS. BRIGHTNESS™

PLANE To VAr1ous DATA FEATURES

— IN-BAND SieNAL VALUES
— BaAnND 7 10 BAND 5 RBaTIOS
—  OTHER FEATURES

ExamINE SIMILAR (OR EQuUIVALENT) RELATIONS IN LANDSAT
IN-BAND REFLECTANCE DATA

To XSTAR CorrRECTED LANDSAT SPACE
- —  PrincipAL CoMPONENT METHOD , e
— Reeression MeTHop UsinG ITS FIELD MEASUREMENTS -
** ImpPROVED IN-BAND REFLECTANCE CALCULATION
'* SPATIALLY VARYING XSTAR CoRRECTION

ERIM
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LANDSAT SPACE, REFLECTANCE SPACE, AND THE .TASSELED CAP

RecenT PROGRESS

® AnaLYsis OF LanDsAT In-Banp SienaL Varues Anp Banp 7 To
BAND 5 RATios RELATIVE To THE TAsSeLeDp CAp HYPERPLANE Is
Beine Usep To Deveropr DATA FEATURES BASED ON A GREEN ANGLE
AND A BRIGHTNESS RADIUS.

® |ANDSAT IN-BAND ReFLEcTANCE DATA Has Been Founp To Have
99+7 OF ITs VARIANCE CoNFINED To Two DIMENSIONS.

® SEnescING VEGeTATION HAs Not Been Founp To Lie Qutsipe OF
THE REFLECTANCE DATA HYPERPLANE BY ANY SIGNIFICANT AMOUNT.

® A MATHEMATICAL PROCEDURE To RELATE DIRecTions IN REFLECTANCE
SPacE To THE TasseLeD CAp Axes, BAsep ON AN ANALYSIS OF
PrinciPAL CoMPONENTS OF REFLECTANCE DATA, Is Beineg TESTED.

® A Ricorous ReEGRESSION PROCEDURE To ReLATE IN-BAND REFLECTANCE
MeaSUREMENTS To XSTAR CorRRecTED LANDSAT SienNALS Is PLANNED For
THE Near FUTURE.

ERIM
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126.00

96.00

64.00

6€
32.00

GREEN

0.00
}

-32.00

~64.00

LANDSAT BAND VALUES REFERRED TO XSTAR-STANDARDIZED TASSELED CAP PLANE

(SOME SCREEN THRESHOLDS ARE SHOWN FOR REFERENCE)

ARROWS INDICATE 10-COUNT
DISPLACEMENT IN EACH BAND

/
S /
»
W 7
S s
CLOUD /' TYPICAL GOOD DATA
SHADO TasseLep Cap
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. WATER
|
A & &
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%, 2 > .
. D
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32,00 0.00 32,00 T6400 9600 128,00 160.00 192.00 22400 256.00
BRIGHTNESS
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BAND 7 TO BAND 5 RATIOS REFERRED TO XSTAR-STANDARDIZED TASSELED CAP PLANE

o
St (SOME SCREEN THRESHOLDS ARE SHOWN FOR REFERENCE)
g1
g &
<1 .9
of \\Q
T~ 58
S E{g.r TYPIC AL GOOD DATA
O TasseLep Cap 5
| , D1sTRIBUTION AND 7/BAND D = 2
¥ \
‘ Gy,
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SIGNATURE CHARACTERIZATION

OBJECTIVES

o DEVELOP METHODS FOR CHARACTERIZING THE SPECTRAL SIGNATURES
OF CROPS, INCLUDING COLLATERAL VARIABLES |

o DeveLor TRANSFORMS THAT WILL REDUCE THE VARIABILITY OR SENSI-
TIVITY OF SIGNATURES TO CHANGED LOCATIONS AND SCENE CONDITIONS

0 USE AVAILABLE DATA BASE WITH DEVELOPED METHODS TO SELECT THE
MOST DISCRIMINATIVE FEATURES AND TO CHARACTERIZE THE SIGNA-
¢TURESiCF WINTER WHEAT, SPRING WHEAT, AND MAJOR CONFUSION
CROPS 7

ERIM
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KEY ISSUES FOR SIGNATURE CHARACTERIZATION

APPLICATIONrREQUlREMENTS

- kUTILIZEvAVAILABLE MULTITEMPORAL ACQUISITION HISTORIES

- ACCEPT A WIDE RANGE OF OBSERVATION CONDITIONS

- - REPRESENT ACCURATE LIKELIHOOD FUNCTIONS OF CROPS OF
~ INTEREST AND CONFUSION CROPS FOR THE AVAILABLE ACQUISI-

TION HISTORIES AND OBSERVATION CONDITIONS
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KEY ISSUES FOR SIGNATURE CHARACTERIZATION (ConTINUED)

TRAINING REQUIREMENTS .

- UTILIZE AVAILABLE MULTITEMPORAL OBSERVATIONS AMD INTER-
POLATE TC PROVIDE TIME CONTINUOUS SIGNATURES

- UTILIZE OBSERVATIONS REPRESENTING A WIDE RANGE OF
COLLATERAL CONDITIONS AND INTERPOLATE TO PRODUCE ‘
SIGNATURES CONTINUOUS WITH RESPECT TO‘THESE CONDITIONS

- UTILIZE A LARGE NUMBER OF RANDOMLY DRAWN OBSERVATION SETS
IN ORDER TO ENSURE INCLUSION OF A ROBUST VARIETY OF PATTERNS
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- ® TRAJECTORY APPROACH

SIGNATURE’CHARACTERTZATION
~ APPROACH

® GENERALIZED APPROACH

- USE GENERALIZED LIKELIHOOD FUNCTION

- SEEK MULTITEMPORAL, MULTISEGMENT, MULTIMODAL SIGNATURES
(FOR WHEAT AND FOR NON-WHEAT) '

- ESTIMATE MISSING DATA USING TEMPORAL DEVELOPMENT PROFILES
OR CONDITIONAL EXPECTATION

SELECT FEATURES

CHARACTERIZE TEMPORAL DEVELOPMENT PROFILES

SEEK ‘NORMALIZING RELATIONSHIPS OR TRANSFORMATIONS

DEVELOP TRAJECTORY SIGNATURES FOR WHEAT AND FOR
THE MAJOR CONFUSION CROPS, AS NEEDED

IDENTIFY TIME PERIODS -@ICH ARE THE MOST USEFUL’
FOR CROP DISCRIMINATION

ERIM
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SIGNATURE CHARACTERIZATION

PROGRESS

GENERALIZED SIGNATURE CHARACTERIZATION

o DETERMINED THAT A MULTIMODAL GAUSSIAN CONDITIONAL LIKELIHOOD IS
THE PREFERRED CHOICE FOR REPRESENTING SIGNATURES.

e GENERATED AN ALTERNATIVE (CONDITIONAL EXPECTATION) To BouLLION'S
METHOD FOR ESTIMATING SIGNATURE PARAMETERS WHEN THERE ARE MISSING
DATA VALUES

© FORMULATED A METHODOLOGY FOR COMBINING THIS WiTH CLASSY To PROVIDE
MULTIMODAL SIGNATURES INCORPORATING COLLATERAL VARIABLES.

o BEGAN AN INVESTIGATION OF THE MODIFICATION AND USE OF CLASSY |
(OR ALL ALTERNATIVE GAUSSIAN CLUSTERING ALGORITHM) TO CARRY OUT THE
SIGNATURE ESTIMATION USING A LARGE AMOUNT OF INPUT DATA

ERIM
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* LABELING PROCEDURES AND TECHNIQUES™

OBJECTIVE

UTIL1ZE THE UNDERSTANDING AND DISCRIMINATIVE FEATURES-
DEVELOPED IN FEATURE DEFINITION AND SIGNATURE CHARAC-
TERIZATION TO DEVELOP AND EVALUATE TECHNIQUES AND TOOLS
FOR LABELING LANDSAT SCENE FEATURES.,

ERIM
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LABELING PROCEDURES AND TECHNIQUES

APPROACH

o AnaLvze AnD Deverop ImMAGe ProbucTs AND AIDS

DEVELOP UNDERSTANDING OF PFC COLOR PRODUCTION SYSTEM

.+ CONSIDER PSYCHO-PHYSICAL CHARACTERISTICS OF PFC COLOR SPACE
«+ EXAMINE ALTERNATIVE COLORIMETRIC APPROACHES

DEVELOP A COLOR MAPPING APPROACH TO PRODUCTION OF IMAGE PRODUCTS
.+ UTILIZE NORMALIZED DATA

.+ EMPLOY DATA-TO-COLOR IN PLACE OF CHANNEL-TO-PRIMARY.MAPPING
++ CONSIDER ADDITIONAL COLOR AIDS AND ENHANCED IMAGES

DeveLoP PROCEDURE M ANALYST AIDS
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ApproACH (CONTINUED)

DeveLor OBJECTIVE LABELING PROCEDURES
- FOR WINTER WHEAT AND/OR SPRING SMALL GRAINS _
.« FOLLOW TWO PARALLEL APPROACHES
- BUILD oN LIST TECHNOLOGY AND use oF Als
- DEVELOP MACHINE-ONLY OR PREDOMINANTLY MACHINE PROCEDURES
«» USE AN ITERATIVE DEVELOPMENT PROCESS FROM CONCEPTUALIZATION THROUGH
THE MAJOR ELEMENTS OF THIS TASK AND T&E
- FOR REFINED MACHINE LABELLER FOR SPRING WHEAT VS. BARLEY
.+ BASED ON PREVIOUSLY REPORTED T&E RESULTS, IDENTIFY POTENTIAL ERROR
SOURCES AND DIAGNOSTICS AND ITERATE THROUGH THE MAJOR ELEMENTS OF
THIS TASK ,
.. To BE DISCUSSED IN DETAIL LATER T
IpENTIFY LABELING ERROR PATTERNS
- Stupy LACIE AND TRANSITION-YEAR ACCURACY ASSESSMENT RESULTS
- STUDY TEST AND EVALUATION RESULTS FOR LIST
-~ STUDY TEST AND EVALUATION RESULTS FOR PROCEDURE M
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ADVANCED IMAGE PRODUCTS

PROGRESS

® Conpuctep EvALuaTION oF PFC CoLor PRODUCTION CHARACTERISTICS
- EvALUATED STANDARD LACIE FALSE COLOR IMAGE PRODUCTS
- APPLIED PRINCIPLES OF COLOR SCIENCE To EVALUATE PFC
CHARACTERISTICS |
® EXPERIMENTAL IMAGERY IS BEING PREPARED:

- MaPpING TASSELLED-CAP FEATURES INTO A PLANE OF THE
L*, a*, B* UNIForRM CoLoR SPACE

- MAIN DIFFERENCES FROM OUR PREVIOUS EXAMPLES:

e NEW PLANE EXPANDS BRIGHTNESS EQUALLY WITH GREENNESS,
PROVIDING A BETTER BRIGHTNESS RESOLUTION THAN STANDARD
IMAGE PRODUCTS '

* » APPROXIMATE ZERO REFLECTANCE POINT IS MAPPED TO EXTRAPOLATED
“BLACK” (OUTSIDE THE ACHIEVABLE PFC RANGE)
® EvIDENCE FRoM PRELIMINARY IMAGERY INDICATES THAT STANDARDIZED DATA CAN
BE PorTRAYED WiTH A CoLor MAPPING THAT:
- Is FIXED ACROSS THE GROWING SEASON
- HA5 ADEQUATE COLOR RESOLUTION
- Is FREE OF TRUNCATION DISTORTION

® Deveropep ReseArcH VERsions oF PRocEDURE M ANALYST AIDS
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REFINEMENT OF A MACHINE-

TECHNIQUE-FOR DISTINGUISHING SPRING WHEAT
FROM OTHER SPRING SMALL GRAINS

ERIC P, CRIST
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OBJECTIVES OF REVISION EFFORT

o INCREASE THE GEOGRAPHIC RANGE OF EFFECTIVENESS OF THE-
SPRING WHEAT/OTHER SMALL GRAINS LABELER

o ARRIVE AT ResuLTs IN LANDSAT SPACE THAT ARE CORRELATED
T0 OBSERVABLE PHENOMENA ON THE GROUND

zs .

——
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PROGRESS

o MoprFiep CRop CALENDAR SHIFT PROCEDURE TO ESTIMATE
AND USE SEGMENT SPECIFIC PROFILE

. o IpENTIFIED SPECTRAL EFFECTS, IN REFLECTANCE AND
LANDSAT SPACE, OF MoISTURE STRESS AND SoIL
BRIGHTNESS

£s

§ o ForMuLATED MECHANISM FOR ADAPTATION OF LABELER
! e : To Mo1sTURE STRESS AND SoiL BRIGHTNESS EFFECTS

ERIM
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TECHNICAL BACKGROUND

e PRELIMINARY STEPS

- DISTINGUISH SPRING SMALL GRAINS FROM OTHER CROPS
~ SCREEN SEGMENTS FOR ADEQUATE ACQUISITIONS

® ORIGINAL LABELING PROCEDURE B

~ ESTIMATE CROP CALENDAR SHIFT

IN TASSELLED-CAP BRIGHTNESS-GREENNESS SPACE

- ASSIGN LABEL BASED ON A CHARACTERISTIC DISTANCE--
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GREENNESS
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SET OF SMALL GRAIN PIXELS AFTER SHIFT
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EXAMPLE OF CROP CALENDAR SHIFT ESTIMATION

90
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SHIFT WITH
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SHIFT WITH

EXAMPLE OF CROP CALENDAR SHIFT

(CONTINUED)
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APPROACH.
o Deveror HYPOTHESES

‘9 IDENTIFY PERTINENT PHYSIOLOGICAL
RELATIONSHIPS, EFFECTS

o MopeL CanopY REFLECTANCE
® ANALYZE FIELD MEASUREMENTS DATA

o ANALYZE LanDSAT DaTA
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1. DEVELOP HYPOTHESES

PURPOSE: ProviDe INITIAL Focus AND DIRECTION
FOR RESEARCH PROCESss

ERIM
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PRELIMINARY HYPOTHESIS

o DisTiNcT GEoGRAPHIC SEPARATION OF “Goop” AND “BAD” RESULTS
SuGeEsTS CROP SIGNATURE VARIATIONS Causep By

- MoISTURE STRESS
- VARIATIONS IN SoiL BRIGHTNESS
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2. IDENTIFY PERTINENT PHYSIOLOGICAL RELATIONSHIPS, EFFECTS

PURPOSE: IpentIFy CRoP REsPoNses To A GIvEN CONDITION
(E.6., MorsTure STRESS), WITH PARTICULAR ATTENTION
10 THOSE RESPONSES LIKELY TO INFLUENCE THE CROP
SIGNATURE
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PHYSIOLOGICAL EFFECTS OF MOISTURE STRESS

e ImpacT oF INADEQUATE MOISTURE VARIES SIGNIFICANTLY WITH

- STAGE OF CROP DEVELOPMENT AT INITIATION
- OF STRESS

- DURATION OF STRESS

® ErFects oF ProLoNGED MOISTURE STRESS INCLUDE

REDUCED PLANT HEIGHT

REDUCED NUMBER OF TILLERS PER PLANT

THINNER, SMALLER LEAVES

LEAF ROLLING, WILTING

REDUCED STAND DENSITY

INCREASED DEVELOPMENT RATE

ERIM
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3. MODEL CANOPY REFLECTANCE

PURPOSE: UNDERSTAND THE LIKELY EFFECTS OF RELEVANT -
PHYs1oLoGc1cAL CHANGES oN CroP REFLECTANCE




CANOPY MODELING

® THREE SoIL BRIGHTNESSES

e Two Canor1ES (INTERVALS FROM EMERGENCE TO HARVEST)

= "NorRMAL"” PARAMETERS DERIVED FROM FIELD
" "TMEASUREMENTS

- "STRESSED” MODIFICATION OF NORMAL PARAMETERS
TO SIMULATE EFFECTS OF PROLONGED MOISTURE STRESS

0¢

® RESULTS ARE QUALITATIVE, I1.E., SHow TRENDS RATHER THAN
ABsoLuTE NUMBERS

- INPUTS ARE ESTIMATED

PRINCIPAL COMPONENTS IN REFLECTANCE SPACE --

i
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1 - GREENNESS AND BRIGHTNESS ARE DERIVED FROM
4

i NOT PERFECT MATCH TO LANDSAT TASSELED CAP

RN




GREENNESS

CANOPY MODELING RESULTS
SOIL BRIGHTNESS EFFECTS - NORMAL CANOPY

® GREenNEsS - No SIGNIFICANT IMPACT

P BRIGHT SoIL
———== Mep1um SoiL

Dark SoiL
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BRIGHTNESS

CANOPY MODELING RESULTS

SOIL BRIGHTNESS EFFECTS - NORMAL CANOPY -
(CONTINUED)

® BrIGHTNESS - SiGNIFICANT IMPACT IN TAILS OF PROFILE
WHERE Canory 1s MosT OPEN »

EMERGENCE _
- HeADING RipE

: BRiGHT SoIL
—,,__.,———//////jji:.MEDIUM So1L
<~ = — - -

/ . \.h‘\\-\_ .
— — DARK SoIL
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:
E CANOPY -MODEL-ING RESULTS

SOIL BRIGHTNESS EFFECTS —VNORMAL CANOPY
(CONTINUED)

0 DISTANCE - INCREASE IN SLOPE AT TAILS WHERE CANOPY
CLOSURE 1S CHANGING

€L

BrRIGHT -So1L

EMERGENCE HeaDING -

_ ~Mep1um SoiIL

- DArRk SorIL

DISTANCE

B T ERIM




CANOPY“MODE[TNG RESULTS
MOISTURE STRESS EFFECTS

® GREENNESS - SIGNIFICANT DECREASE IN PROFILE PEAK

174

GREENNESS

STRESSED
CanoPY

Yerim
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BRIGHTNESS

CANOPY MODELING RESULTS

MOISTURE STRESS EFFECTS
(goNTINUED)

® BRIGHTNESS - VARIABLE IMPACT - ENHANCES SoIL BRIGHTNESS EFFECTS

— _ - ___—BrieuT So1L

Tt ~——— T T T~ - . _ __ _ _ _ — — Mepium SoiL
. !
. s ~ —— = — Dark So1L

TIME
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CANOPY MODELING RESULTS
MOISTURE STRESS EFFECTS
(CoNTINUED)

e DISTANCE

- OVERALL INCREASE
- ELIMINATION OF CONSTANT-VALUE CENTER PORTION

>
BRIGHT SoiIL
L) _-Mep1um SoiL
(&5 )
= ‘
E -~ Dark SoiIL
[am ]
o TIME o
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CANOPY MODELING RESULTS

SuMMARY

® SoiL BriGHTNESS EFFECTS
~ GREENNESS - NONE
- BRIGHTNESS - TAILS OF PROFILE
- DISTANCE - INCREASED SLOPE IN TAILS OF PROFILE

¢ MoISTURE STRESS EFFECTS -
-~ GREENNESS -~ REDUCED PEAK
~ BRIGHTNESS - ENHANCED SOIL BRIGHTNESS EFFECTS

- DISTANCE - OVERALL INCREASE, EARLIER DEPARTURE
FROM MINIMUM

. ERIM




4, ANALYZE FIELD MEASUREMENTS DATA
PURPOSE: Provibe CanopY MobEL/REAL ..WOR-LD AND GRCUND/SATELLITE LINKS,
OBSERVE RANGES OF NATURAL VARIABILITY

—
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FIELD MEASUREMENTS

o PrImARY Uses IN THis EFFoRT
- CONFIRMED RESULTS OF PHYSIOLOGICAL EFFECTS STUDY

- SUPPORTED CANOPY MODELING WORK
e e DROVE INPUTS

e PROVIDED CONTEXT FOR CHECKING RESULTS

- COMBINED WITH FIELD EXPERIENCE, PROVIDED DIRECT
LINK TO GROUND PHENOMENA
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5. ANALYZE LANDSAT DATA

PURPOSE: Assess UTILITY oF SPECTRAL RELATIONSHIPS
OBSERVED IN MopeL AND F1ELD DATA, DERIVE VIABLE
Procepure For THEIR Use

ERIM
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LANDSAT DATA ANALYSIS -
SEGMENTS USED

o 1929

pr e - SE SIS

® 1669
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LANDSAT DATA ANALYSIS

MobDeL AND F1eELD ResuLTs SucGEST THE FOLLOWING RELATIONSHIPS:

SPECTRAL DETECTION = EFFECT on DisTaMce

ERIM -

PHENOMENON | MECHANISM - Decision LINE
MoISTURE STRESS GREEN PEAK EARLIER TIME PERIOD
BrRiGHT SoIL EARLY BRIGHTNESS STEEPER SLOPE
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LANDSAT-DATA ANALYSIS

(CoNTINUED)

o MosT SEGMENTS SHow EXPECTED SoIL BRIGHTNESS - SLOPE CORRELATION

H B
e

SLOPE OF OPTIMUM DECISION LINE

o
W

MEAN BRIGHTNESS - SHIFTED DAYS 110-120
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1800

-+ 1929

L
. 1669
1640

1498
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* LANDSAT DATA ANALYSIS
(CoNTINUED)
o CLEAR CORRELATION BETWEEN PEAK GREENNESS
AND TIME PERIOC OF SEPARABILITY
60
r EE— - 1640
e e 1498
| 1800
| 55 - 4 1515
83
=
250
(s ]
=
el
45 — + 1929
+ 1669
160 178 180 190 1200 210
TIME PERIOD OF SEPARABILITY
ERIM
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PROCEDURAL IMPLEMENTATION OF REFINED TECHNIQUE

LABEL SPRING SMALL GRAINS

SCREEN SEGMENTS
~ ADEQUATE NUMBER AND TIMING OF ACQUISITIONS
- UNusuAL BEHAVIOR

EsTIMATE Crop CALENDAR SHIFT
- ALSO PROVIDES SEGMENT SPECIFIC GREENNESS PROFILE

FLAe SeemenTs WiTH Low GREEN PEAK - MoISTURE STRESSED

CompuTeE MEAN BRIGHTNESS FOR SMALL GRAINS
- SH1FTED DAYs 110-120

Mop1Fy DEcisioN LINE AS INDICATED BY GREEN PEAK AND

 EARLY BRIGHTNESS

ASSIGN LABELS

ERIM

L
. Ba i

S

1

i | e et

e




e T e S R S R T T T

— - e T

98

100,

% CORRECT
=

LANDSAT DATA ANALYSIS
LABELING RESULTS

A: OrIGINAL LABELING PROCEDURE
B: OCrriMum LINEAR DISCRIMINANT
C: Revisep LaBELING Procepure (PRELIMINARY)

1498

100

% CORRECT

% CORRECT

g CORRECT

100

100-

50+

1515

T e
—

100

% CORRECT
un
o

: SPRING WHEAT

_ ¢ BARLEY
1640

100,

% CORRECT

50
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1493

1515

1640

1669

1800

1929

GROUND TRUTH

SPRING WHEAT

BARLEY

SPRING WHEAT
BARLEY

SPRING WHEAT
BARLEY

SPRING WHEAT
BARLEY

SPRING WHEAT

BARLEY

SPRING WHEAT
BARLEY

LANDSAT DATA ANALYSIS

DETAILED LABELING RESULTS

OptiMum L1
DiScRIMIN

ORIGINAL LABELING
PROCEDURE

NEAR
ANT

»SPN/OSMG 4 CORRECT

SPW/0SMG % CorrecT

806/239  77.1 846/220
114/310  73.1 134/283
- 2597/449 85,3 2805/551
12172033 82.8 737/2022
4593/971  82.5 4493/1077
909/1363  60.0 770/1497
11/384 2.8 231/51
10261 9.3 75/102
41/3%  54.7 55/20
133/871  86.8 315/679
41386 0.3 678/312
1/545 99,8 147/232

REviseDp LABELING
ProcepurRe (PRELIM,)

SPW/0SMG 7 CoRrRECT

802/264
116/301

2795/561
301/1958

46017969
822/1445

242/40
81/96

L4/31
278/716

662/328
139/240

75.2
/2.2

83.3
/1.0

82.6
63.7

85.8
54.2

58.7
72.0
66.9
63.3

ERIM




CONCLUSIONS

o IMpPorTANT FACTORS INFLUENCING CROP SIGNATURES
Can Be Detectep Usine LANDSAT

® ADAPTATION OF THE SPRING WHEAT LABELING TECHNIQUE |
IN RESPONSE TO CHANGES IN THOSE FACTORS SUBSTANTIALLY |
IMPROVE LABELING AcCURACY |

88

o Crop CALENDAR SHIFT ESTIMATION SIGNIFICANTLY --
ENHANCES PrROSPECTS FOR UNDERSTANDING CRoP SIGNATURES
AND DeEVELOPING VIABLE LABELING PROCEDURES

ERIM
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PLANS

o DerINE R _LATIONSHIPS BETWEEN SoIL BRIGHTNESS
_AND Decision LINE SLoPE AnND PEAK GREENNESS

AND TIME Periop FoR LABELING UTILIZING A MORE
ExTENSIVE DATA BASE

o INsTALL REFINED LABELER IN PROCEDURE-M

® TeEST AND EVALUATE REFINED LABELER
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MACHINE PROCESSING TASK
o Mayor ELEMENTS

v - DATA NORMALIZATION STUDIES
5 ~ STRATIFICATION, SAMPLING AND ESTIMATION
; - TesT AND EVALUATION
9 ‘
E ° - SysTeM ERROR MoDEL DEVELOPMENT

- ADpvANCED TECHNoLOGY STUDIES
§ e FocAL PoInTs:

- Lanpsat 111

- Procebpure M

-  WHEAT

ERIM
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ELEMENTS OF MACHINE PROCESSING

DATA NORMALIZATION STUDIES -
- ANALYZE LANDSAT 3 SPECTRAL DATA STRUCTURE

°M%ME LANDSAT 2 CALIBRATION DRIFT

STRATIFICATION, SAMPLING ANB\ESTIMATION
- EVALUATE ALTERNATIVE SPECTRAL STRATTFICATION TECHNIQUES

- ReDUCE BIAS DUE TO CURRENT PROCEDURE M SAMPLING STRATEGY

- EXAMINE ALTERNATIVE ESTIMATION STRATEGIES

TesT AND EVALUATION
EXAMINE ANALYST LABELING IN A FIELD-TARGET ENVIRONMENT -
EVALUATE SPRING WHEAT CONFIGURATION OF PROCEDURE M

"EXPLORE MULTICROP APPLICATION OF PROCEDURE M

TRANSFER PrROCEDURE M TECHNoLogY TO JSC

SysTemM ERROR MoDEL DEVELOPMENT
-  REPRESENT ERROR SOURCES IN PROCEDURE M ANALYTICALLY
- DETERMINE PERFORMANCE MEASURES

ADVANCED TECHNOLOGY (CANDIDATE TOPICS)

- REGISTRATION OF MULTI-TEMPORAL DATA

- FULL-FRAME SAMPLING ENVIROMMENT

- CROP INVENTORY IN PROBLEM AREAS (SMALL FIELDS, CLOUD COVER)

- CoNCEPTUALIZATION OF EARLY WARNING
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LANDSAT-3 T0 LANDSAT-2 CALIBRATION TRANSFORMAT ION

4

PETER F. LAMBECK
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LANDSAT-3 TO LANDSAT-2 CALIBRATION TRANSFORMATION

OBJECTIVE

DETERMINE A MULTIPLICATIVE AND ADDITIVE TRANSFORMATION
WHICH ALTERS LANDSAT-3 DATA TO SIMULATE LANDSAT-2 DATA

OBTAIN SUFFICIENT ACCURACY FOR THE TRANSFORMATION SO
THAT SCREEN AnND XSTAR wILL APPLY To LANDSAT-3 DATA IN

A MANNER WHICH IS EQUIVALENT TO THEIR LANDSAT-2
PERFORMANCE
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" STEPS IN THE DEVELOPMENT OF A LANDSAT 3-2 CALIBRATION TRANSFORMATION

® 0BTAINED DATA FOR 31 9-DAY LanDSAT 3-2 AcauisiTion PAIRs

® CALCULATED SceNE DiaeNosTIC VALUES FOR EACH AcaQuiSITION
- (GREeN ARM MEAN + SoIL MEaN)/2

- SceNE MEAN "YELLOW” VALUE

® CAaLcuLATED INITIAL LEAST SquARES ESTIMATE OF TRANSFORMATION

e ELIMINATED 10 PAIrRs WiTH Excessive ReEsipuaL ERRORS,
PresumaBLY Causep By Scene EFFECTS:

- = DissiMILAR Haze ConpiTioNs ("YELLow” VALUES)
- Di1ssSIMILAR SceNE DEVELOPMENT

~ OTHER CAUSES?
® RECALCULATED ESTIMATE oF TRANSFORMATION Usine 21 REMAINING PAIRS

® Propuced FINAL ESTIMATE oF TRANSFORMATION Usine Mercep 9-Dav
PaIr CLusTER Means (To REPRESENT A WIDER S1GNAL RANGE)

- MISREGISTERED CLUSTERS WERE MOSTLY AVOIDED
IN THE ESTIMATION PROCEDURE |

ERIM

e Ak e




ST S SCNEY 3%

RESULTS AND EVALUATION OF THE LANDSAT 3-2 CALIBRATION TRANSFORMATION

THE FOLLOWING PURELY MULTIPLICATIVE TRANSFORMATION APPEARS TO BE ADE-
QUATE AND IS RECOMMENDED:

1.1371
1.1725
L2;=AjL31 A=\ 1.2470
1.1260

COEFFICIENTS DIFFER BY 2 TO 6% FROM GODDARD PRELAUNCH ESTIMATE
EXCEPT FOR BAND 6 (DIFFERS BY +187%)

- TRANSFORMATION IS ROUGHLY SIMILAR To LEC TRANSFORMATION (DIFFERS BY
2 10 67)

COoRRECTED LANDSAT-3 DATA HAS TASSELED CAP COMPONENTS WHICH ARE SIMILAR
To LANDSAT-Z COMPONENTS

SCREEN anp XSTAR PERFORM REASONABLY ON THE CORRECTED LANDSAT-3 DATA
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STRATIFICATION, SAMPLING AND ESTIMATION

OBJECTIVE

DEVELOP A STRATIFICATION, SAMPLING AND ESTIMATION
FRAMEWORK IN WHICH TO EVALUATE PROBLEMS ASSOICATED
WITH MULTICROP INVENTORY
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STRATIFICATION, SAMPLING, ESTIMATION

APPROACH

o UTiLize PROCEDURE M AS A TEST-BED

o Repuce BiAs CAUSED BY SPATIAL SAMPLING
- EVALUATE ALTERNATIVE FEATURE EXTRACTION ALGORITHMS
- EXAMINE TECHNIQUES TO SAMPLE LITTLE BLOBS

L6

® EXAMINE ALTERNATIVE SPECTRAL STRATIFICATION STRATEGIES
- EVALUATE DYNAMIC APPROACHES
.. UNSUPERVISED APPROACHES
.+ TOLERANCE BLOCK APPROACHES
.+ CLASSY
- CONSIDER STATIC APPROACHES
.» DESIGNATED OTHER

+» STATIC SPECTRAL STRATIFICATION
® EVALUATE ALTERNATIVE ESTIMATION STRATEGIES

- EVALUATE POTENTIAL OF CLASSIFIERS BASED ON LINEAR RULE




e T - T B
STRATIFICATION, SAMPLING, ESTIMATION
PROGRESS
@ STUDY OF TOLERANCE BLOCK APPROACH TO SPECTRAL STRATIFI-
® CATION CONDUCTED

® ALTERNATIVE ALGORITHM TO BLOB DEVELOPED
? ® PROCEDURE i CONFIGURATION UTILIZING SMALL FIELDS DESIGNED
gh ¢ ESTIMATION CONFIGURATION USING ERIM oPTIMUM LINEAR DECISION
g@ RULE DEFINED
E
.
i
ERIM
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DEVELOPMENT OF ENHANCED BLOB ALGORITHM (SuperB)

Successor oF BLOB

ATTRIBUTES
- QUASI-FIELDS ARE CONTIGUOUS

- LARGER FIELDS ARE NOT DISCONNECTED
- MORE EFFICIENT ALGORITHM

DISTANCE MEASURE REPLACED BY CONTIGUITY CRITERION

ERIM
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CONCEPT OF STATIC STRATIFICATION

SAMPLE N a P(1-PJA

PROBABILITY INTERVALS PROBABILITY CONTOURS PROBABILITY FEATURES

T0T

..»,mivr_x,,,_v.r,m,

DELTA STRATIFIER SINGLE TIME MuLtipPLe TIME

USING BLIND SITE DATA PARTITIONED QUALITATIVELY BY CROP
STRESS CONDITIONS ETC. DETERMINE PRIOR PRCBABILITY THAT

'"WHEAT' APPEARS IN EACH STRATA

ERIM
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STUDIES IN STRATIFICATION TO REDUCE SAMPLING VARIANCE

WymaN RICHARDSON

ERIM
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PROCEDURE M -

® CLUSTERS PIXELS SPECTRALLY AND SPATIALLY INTO
FieLp-Like Groups CALLED “BLoBs!

® CLUSTERS BrLoss INTO SPECTRAL STRATA

ERIM
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20 30 40 50 60 70 80 90 100

HISTOGRAM OF PERCENT WHEAT IN BLOB INTERIORS
FOR 12 KANSAS SEGMENTS
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HISTOGRAM O PERCENT WHEAT IN SPECTRAL STRATA
FOR 12 KANSAS SEGMENTS

90

100
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OBJECTIVE:

IMPROVE SPECTRAL STRATIFICATION

) ERIM
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1600 —

. . STRATA
10 20 30 40

PIXEL DISTRIBUTION FOR BCLUST STRATA

SEGMENT 1165

e e i s g B N IR i A <o S



s o e e LT T

=
P
l.—l
(=]
[e]
F
{
r

OBJECTIVE:
IMPROVE SPECTRAL STRATIFICATION
APPROACH:

ToLERANCE Brock CLUSTERING ALGORITHM
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FIRST CUT TO CREATE TOLERANCE BLOCKS




--3 Channel tl
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FIRST AND SECOND CUTS TO CREATE TOLERANCE BLOCKS
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BLCUST BLOCK-SEEDED CLUSTERS ~ BLOCKS AS CLUSTERS.

PIXEL DISTRIBUTIONS FOR 3 CLUSTERING ALGORITHMS -
SEGMENT 1165
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N D NP (1))
np(1-p)

NI = NUMBER.OF PIXELS IN STRATUM I.

* N = NUMBER OF PIXELS IN THE SEGMENT

11

| P, = PROPORTION OF WHEAT IN STRATUM I

P = PROPORTION OF WHEAT IN THE SEGMENT
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R.V. WiTH INTEGER ALLOCATIONS
N P, (1-P))

o

P(1-p)

A ¥
Ny
N NUMBER OF PIXELS IN STRATUM I OR SEGMENT
P
o | PROPORTION OF WHEAT IN STRATUM I OR SEGMENT
Al e o
A NUMBER OF SAMPLE -BLOBS IN STRATUM I OR SEGMENT - -
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PERFORMANCE MEASURE:

THE FIXED-SAMPLE R.V.

(L
Ld\ N

2 py(l-p))

A

A

Bl'l

NUMBER OF PIXELS IN STRATUM I
PROPORTIbN OF WHEAT IN STRATUM I
NUMBER OF SAMPLE BLOBS IN STRATUM I
NUMBER OF BLOBS IN STRATUM I

p(1-P)

o >» v 2

SAME FOR THE -SEGMENT-..

ERIM




EXPERIMENT

® 3 CLUSTERING ALGORITHMS

—  BCLUST
—  ToLerance BLocks
- CLusTERS SEEDED By Brock MEAns

@ 12 Kansas BLIND SITES

® WINTER WHEAT ESTIMATION

ST1

® 3 BioWINDOWS -
® BrRIGHTNESS AND GREENNESS FROM EACH BIOWINDOW

® SampLE OF SIZE 190 ProBs AsSuMED
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NumBer -OF CLUSTERS

22

30

40

50

60

70

80

90

,500 525 .550
100-SampLE R.V.

BCLUST PERFORMANCE AS A FUNCTION
OF THE NUMBER OF CLUSTERS

116
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NUMBER OF CLUSTERS

16 -

24 -
32 -
36 -
4o -

ug -
54 -

67 -
72 -

81-

96 -

0o

510 520 530 540 . 550
100 - sAMPLE R.V.

PERFORMANCE OF BLOCK SEEDS AS A FUNCTION OF THE NUMBER
OF CLUSTERS
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16 - ‘ [o)
24 o)

3. o

36- o

4o - , o)
48 - o)

54 o
60 - ©)
72 ' 0}

8l- o

% o

580 500  .600 .610  .620 .630  .640 . .650
100 - SAMPLE R.V.

PERFORMANCE OF BLOCKS AS CLUSTERS AS A FUNCTION OF THE NUMBER OF
CLUSTERS
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COMPARISON OF 3 CLUSTERING ALGORITHMS
AT THEIR OPTIMAL NUMBER OF CLUSTERS
PERFORMANCE MEASURE IS 100-SAMPLE R.V.,

SEGMENT BLOB 1NTERIOR BCLUST BLOCK SEEDS BLOCKS

i R.V. 40 CLUSTERS 40 CLUSTERS 48 CLUSTERS
1020 039 181 217 239
1035 187 624 560 578
1165 .204 832 .922 072
1851 .155 383 404 1195
1852 .136 1423 451 614
1861 ,090 .355 ,389 ,396
1865 .086 .610 .580 615
| 1886 .168 .502 1452 532
{ 1163 283 622 621 725
o 167 178 652 614 813
5 | 1860 . 145 .385 361 1420
i | 1887 .168 643 .588 758
AVERAGE 153 518 514 .588
@ AVERAGE DIFFERENCE .004 -.074
T 131 -3147
SIGNIFICANCE NOT SIGNIFICANT  SIGNIFICANT AT .005
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@ CONJECTURE:

® (OBJECTIVES:"

A S e o T o - -1 TT T TN o mee e St e TR A T T FEm T

INFORMATION THEORETIC PERFORMANCE MEASURES
(W, A, MALILA)

‘THE WeLiL-DeveLoPED PRINCIPLES OF INFORMATION THEORY SHOULD

Be AppLicABLE To EvarLuaTion AND DesieN AspecTts OF INFOR-
MaTION ExXTRACTION AND AREA ESTIMATION SYSTEMS THAT Use

RemoTELY SENseD DATA.

DeTERMINE THE VALIDITY OF THE ConJEcTURE AnD, IF VALID:

— DeverLop PERFORMANCE MEASURES THAT SUPPLEMENT
~.0rR PArRALLEL CURRENT MEASURES
— ConsIDER SYSTEM DEsieN IMPLICATIONS

ERIM
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INFORMATION THEORETIC PERFORMANCE MEASURES (ConTINUED)

APPROACH

® ViEw INFORMATION EXTRACTION SYSTEMS As CoMMUNICATION CHANNELS WITH:

—  SceNE-DEPENDENT INPUT INFORMATION

—  "Noisy” PrROCESSING SYSTEMS THAT LoSE INFORMATION
AnD/0OR INTRODUCE ERRORS

— Qutpur INFORMATION THAT IDEALLY WouLD MATCH THAT
oF THE INPUT

12T

NPT S chaEL OUTPUT

CHARACTERISTIC D INFORMAT 10N Der1VED
\ ATA
OF OBSERVED OBSERVATIONS \ ExXTRACTION AND N Or
SCENE >|  PROCESSING >|  ESTIMATED
' SYSTEM CHARACTERISTICS

T ERIM
=
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PROGRESS

® ESTABLISHED THE APPROACH AND VIEWPOINT

® Deveropep A CANDIDATE MEASURE OF STRATIFICATION

 PERFORMANCE AND PERFORMED LIMITED TESTING
In Procepure M TesTs

® DeveroPeED ADDITIONAL CANDIDATE MEASURES

® BecanN ConsiDERATION OF OTHER ASPECTS

P
e s
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BASIC CONCEPTS

® THe SELF INFORMATION ASSOCIATED WITH THE OcCURRENCE OF STATE X; WHicH Occurs
WiTH ProBABILITY P(x,) 1s DeFinep To Be: |

L
P(xl) LOG P(xI)

(THE MORE RARE THE EVENT, THE GREATER IS THE AMOUNT OF INFORMATION
ASSOCIATED WITH ITS OCCURRENCE)

I(xl) = LOG

® ENTROPY s THE AVERAGE AMOUNT OF INFORMATION ASSOCIATED WITH REPEATED
OBSERVATIONS OF A STATE VARIABLE:

M
CHK = =) Plxp) Log P(x,)

1=1
(HMAX = LOG M AND OCCURS WHEN P(x,) = -%f>

® MutuaL INForMATION Is THE ExPecTED AVERAGE INFORMATION EXCHANGED FROM
INPUT X TO QuTtPUT Y

M N “ P(x. 1Y)
106 = D Do Plx,y,) Los {—A——
= = U P(x,)

ERIM
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Average Average
(Self) Information (Self) Information
Content of Input ' Content of Output

H(X) H(Y)

TONG -

Average
Transmitted
Information l
or
Mutual
o Information
I(X;Y)
\\‘ /////" i
Equivocation Average Error
or Average in Output

Information Loss H(Y|X)
H(X|Y)

H(X,Y)

DIAGRAMMATIC REPRESENTATION CF AVERAGE INFORMATIOM
RELATIONSHIPS FOR TWO VARIABLES ERIM
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CANDIDATE PERFORMANCE MEASURES
(NorMAL1ZED MuTuAL INFORMATION)

® CommoN CHARACTERISTICS
- STRATUM PROPORTIONS SUBSTITUTED FOR STATE PROBABILITIES IN CALCULATIONS
- Maximum VALUE = 1 INDicATES No InNForMATION Loss AND/OR No ERROR

- MinimumM VALue = O INDIcATES No INFORMATION TRANSFER
- DIrRect AppLicATION TO MoRe THAN Two CLASSES

® CANDIDATE NormAL1ZATION TERMS (AND MEASURES):

YA

B e e

1Y) | 5y

a. INPUT ENTROPY —> L T 1-5 59)

.
v
B
¥

1(X;Y) _ H(X) - H(X]Y)
c. TOTAL ENTROPY —> MX’Y " E XD - RO FREY)

TWO EQUAL INPUT STRATA

; J 1.0‘,-
! .
o 100% Pure Output Strata
? X,y 95% Pure
0.5¢ _~90% Pure
Y = I(X;Y) - - H(Y x) 0 : —:4 < . 2
b. OUTPUT ENTROPY = M= N 1 ———L-H @) : + —t—

(NO. OF GUTPUT STRATA (EQUAL SIZE) Eﬂl"




PLANS.

o ® fssess THE UTILITY OF THE CANDIDATE MeAsurRes For
5 EVALUATING STRATIFICATION PERFORMANCE

® CONTINUE THE DEVELOPMENTMAND AppLICATIONS OF
INFORMATION THEORETIC MEASURES AND CONCEPTS

9¢1

ERIM
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ERROR MODELING

OBJECTIVES

e DEVELOP A CONVENIENT REPRESENTATION OF ERROR SOURCES AND PROPAGATION IN ProceDURE M

e BROADEN TO INCLUDE_A GENERIC CLASS OF AREA SURVEY REMOTE SENSING SYSTEMS

e [NVESTIGATE FUNDAMENTAL LIMITS ON ACCURACY OF SYSTEMS

b




|
;
i
:
k
¢

i

TR T

IR AR il

8T

ERROR MODEL

APPROACH - -

e [DENTIFY THE MAJOR CONCEPTUAL STAGES AT WHICH ERRORS ARISE OR ARE PROPAGATED

e CONSTRUCT ANALYTICAL MODELS OF THE ERROR SOURCES AND PROPAGATION

® FIT THE PARAMETERS OF THESE MODELS FROM EXPERIMENTS TO PRODUCE EMPIRICAL
PREDICTIVE MODELS o

PR FERCRE . J
PR T Y VT SO, oY Y O " P TN N N

 ERIM




STAGES IN PROCEDURE M WHICH ARE THE
SUBJECT OF AN ERROR MODEL

FEATURE
DEFINITION

(VARIANCE)

Y

STRATIFICATION

(VARIANCE)

J

SAMPLING

BiAs AND
VARIANCE

)

ESTIMATION

~Bias anD
VARIANCE

LABELING

Type [ AND
Type 11
ERRORS

129

THE DASHED LINES SURROUND THE COMPONENTS FOR WHICH
ERROR MODELS HAVE BEEN FORMULATED.

D ERIM
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s SYSTEM ERROR MCDEL
) | | PROGRESS

ProceDURE-M MopeELs FORMULATED:
® SYSTEM BIAS AND VARIANCE AS FUNCTION oF kKNowN Type I AnD Type Il ERROR

RATES, AT THE STRATA LEVEL.

® SYSTEM BIAS AND VARIANCE AS FUNCTION OF MEAN AND7COVARIANCEiQf7TYPE I AnD
Tyre 11 ERROR RATES, AT THE STRATA LEVEL.

o LARELING ERROR MODEL: REFRESENTS TYPE I AND TyPE Il ERROR RATES AS A

0€T

FUNCTION OF COLLATERAL OBSERVABLES (E.G., BLGB SIZE AND SHAPE, ACwUISITIONS
USED IN BLOB, ACQUISITIONS USED BY ANALYSTS). THIS MODEL WILL BE FIT TO
LABELTING EXPERIMENT RESULTS AND TO EXPLAIN THOSE RESULTS., THE MODEL OUTPUT
IS THE MEAN AND VARIANCE OF TYPE | AND TYPE Il ERROR RATES.

GENerRAL MoprLs: ‘ R o o
® PRELIMINARY FORMULATION OF A MODEL WHICH GIVES BOUNDS ON MAXIMUM SYSTEM BIAS
FOR UNKNOWN TRUE PROPORTION AND UNKNOwWN BUT BOUNDED Type I Anp Tyre 11

LABELING ERROR.

DERIN
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| TEST AND EVALUATION

? OBJECTIVE

L MAINTAIN CLEAR INDICATION AS TO PORTIONS OF PRoCEDURE M

T z THAT ARE MOST IN NEED OF IMPROVEMENT, INDICATE CAUSES

{ f OR SOURCES OF ERROR, AND IDENTIFY THE NATURE OF PROBLEMS

f | ASSOCIATED WITH EXPANDING LACIE-LIKE TECHNOLOGY INTO NEW

f CROP TYPE AND REGION ENVIRONMENTS

| ]

- ERIM




TEST AND EVALUATION

APPROACH

o ConpucT ANALYSIS OF ANALYST LABELING oF FIELD TARGETS AND REFINED SPRING
WHEAT CoNFIGURATION OF ProceDurRe M

. - DESIGN OVERALL EXPERIMENT
3 - DEFINE AND EVALUATE ROLE OF ANALYST
- INSTALL REFINED SPRING WHEAT MACHINE LABELER

CEeT
!

CONDUCT STATISTICAL AND SUBJECTIVE ANALYSIS OF SOURCES OF ERROR

o ExpLore MuLTicror APPLICATION OF PROCEDURE M

- APPLY TO CORN AND SOYBEANS USING GROUND TRUTH LABELS
- - EVALUATE SPECTRAL SEPARABILITY THROUGH ANALYSIS OF SPECTRAL STRATA
- [EVALUATE FIELD SIZE ATTRIBUTES THROUGH ANALYSIS OF SPATIAL STRATA

e [rRANSFER PrRocepure M Tecunoroey T0 JSC

PROVIDE AVAILABLE CODE, TEST BENCH

- PrRoVIDE MONITOR INTERFACE BETWEEN QLINE, LARSYS

PROVIDE CONSULTATION j

ERIM
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TEST AND EVALUATION
PROGRESS

ANALYST}LABELING/SPRING WHEAT ProcepurRe M EvALUATION UNDERWAY
EXPERIMENT DESIGNED

18 SEGMENTS PREPROCESSED

ANALYST LABELS FOR ALL BIG BLOBS IN HOUSE

PRELIMINARY ANALYSIS BEGUN

MAJoR STRIDES IN PrRoCEDURE M TRANSFER UNDERTAKEN

- (CoDE TRANSFERRED

- TEST BENCH PROVIDED
- MONITOR INTERFACE WRITTEN
- BLOB Now OPERATIONAL
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ANALYST LABELING/PROCEDURE M EXPERIMENT

FRANK PONT

L T T e o oy o 4 e e

—

ERIM




GET

ANALYST LABELING/PROCEDURE M EXPERIMENT

OBJECTIVES

©® UNDERSTAND Al LABELING PrOcESS IN A FIELD-LABELING
ENVIRONMENT,

® EvALUATE A SPRING SMALL GRAIN ConFIGURATION OF
ProceDURE M Using ANALYST LABELS,

® ExaMINE THE PERFORMANCE OF THE ComPoNENTS OF
PrOCEDURE M.




OVERALL APPROACH

OBJECTIVE ANALYSIS
(Usine StATIsTICAL METHODS)

3 ® EvaLuATION OF LABELING ERROR
- As A FuncTion OF

—  ANALYST ,
. — SPECTRAL STRATA
— ADpJusTED PLANTING DATE
— AcouisiTIioN HisTORY
— CoLLATERAL DATA

9¢T

® EvaLuaTION OF Bias AND VARIANCE
CHARACTERISTICS OF SYSTEM

—  EvaLuaTE SYSTEM COMPONENTS
EVALUATE SYSTEM PERFORMANCE

e T

ANALYST LABELING/PROCEDURE M EXPERIMENT ’

SUBJECTIVE ANALYSIS
(USINGHANALYST INTERPRETERS)

® DeTerMINE CAuses 0= Al ErRROR
AND INCONSISTENCY

® Deverce OPerATION PROCEDURE M
MECHANISM '

® EvALUATE PERFORMANCE OF SYSTEM
COMPONENTS

P

ERIM
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Al LABELING PROCEDURE

.® ELEMENTS OF PROCEDURE

3 exPERIENCED LACIE ANALYSTS

ALL BI1G6 BLOBS FOR EIGHTEEN LACIE TY78 BLIND SITES
5 PFC BLOB OVERLAYS, LINE PRINTER MAPS

L STANDARD LACIE LABELING POCKET

S COMMENTS FORMS

® PROCEDURE

- [EACH SEGMENT LABELED BY EACH ANALYST INDENPENDENTLY

- ANALYSTS DEVELOPED LABELING STRATEY

'~ EIGHT CODES INDICATING GRAIN, NONGRAIN AND OTHER
CHARACTERISTICS -ANNOTATED

- SEGMENT AND OVERALL COMMENT FORMS FILLED OUT BY ANALYSTS

LET

TR
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SEGMENT COMMENT FORM FOR PROCEDURE M TEST

1. SeGMENT NUMBER:

2. AnaALyst CoDE:
' START:
COMPLETED:

3. DaTte

4, NumBer oF Hours REQUIRED FOR LABELING:

5. ACQUISITIONS:

A.
AcauisiTioN PrRIMARY oR  CoMMENTS: (SuiTABILITY, USEFULNESS,

DaTE SECONDARY ’ orR Reasons For Not Using)

(USE OTHER SIDE IF NEEDED)

B. WHAT ARE THE DEFICIENCIES, IF ANY, IN THE AVAILABLE ACQUISITION HISTORY?

D ERIM
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SEGMENT COMMENT FORM FOR PROCEDURE M TEST (Cont’p)

COMMENTS ABOUT THE BLOB PATTERNS ;
A. Do THE BLOB INTERIORS SEEM TO BE PURE?
B. Do THE BLOB PATTERNS MATCH THE FIELD PATTERNS?

~C. WAS THE CHOICE OF BLOB ACQUISITION OPTIMAL? IF NO, WHY?
WHICH ACQUISITIONS SHOULD BE USED?

D. OTHER COMMENTS ABOUT BLOB PATTERNS:

GENERAL DESCRIPTION OF SEGMENT. FOR EXAMPLE, MOISTURE, FIELD SIZE,
TOPOGRAPHY, PERCENT AGRICULTURE, ETC.

DID YOU HAVE TO CHANGE YOUR PROCEDURE IN ORDER TO HANDLE THIS SEGMENT?
IF so0, DESCRIBE HOW,

OTHER COMMENTS:

ERIM
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ANALYST OBSERVATIONS/COMMENTS

STrRONG POINTS

*BLOBS EASIER TO LABEL THAN DOTS
*BLOBS REPRESENT FIELD CENTERS RATHER WELL

PROBLEM AREAS
oDiFFIcuLT To LABEL 300 To 400 BLOBS
oSMALL BLOBS (L-3 PIXELS) DIFFICULT TO LABEL
eBLOB DOES NOT WORK WELL IN SMALL OR STRIPPED FIELDS
eMIXED BLOBS OCCUR
e ACQUISITIONS USED FOR BLOBBING NOT ALWAYS OPTIMUM
oSINGLE BLOBS MAY BE DISJOINT (DIFFICULT TO LABEL)

ERIM
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MAJOR COMPONENTS OF EXPERIMENT

® DEFINITION OF FIELD-LIKE TARGETS FOR LABELING
® DeEFINITION OF LABELING PROCEDURE
® ANALYST LABELING OF TARGETS

@ PRE-GROUND TRUTH ANALYSIS
—  Use StaTisTIcAL TesT To GRoup SEGMENTS INTO
* *THOoSE SEGMENTS IN WHIcH Al LABELS ARE SIGNIFICANTLY INCONSISTENT-AND,
o « THOSE SeEGMENTS IN WHicH Al LABELS ARE RELATIVELY CONSISTANT

1y1

— Use AI Provipep SeGMENT INFORMATION To DETERMINE CAuse OF Al
INcoNs1STENCY/CONSISTENCY

— 0BTAIN EsTIMATES For THE ProPORTION AND STANDARD DEVIATION OF SPRING
SMALL GRAIN AND SPRING WHEAT

® GROUND TRUTH ANALYSIS

— Use StatisTicAL TecHNIQUES To DETERMINE ReLATIONSHIPS BETWEEN Al -
LABELING ERROR AND COLLATERAL DATA (SEGMENT STRATA AND BLoB LEVEL)

— EvaLuaTeE ERROR PROPAGATION THROUGH THE PROCEDURE M SYSTEM AND
ITs CoMPONENTS
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ANALYST LABELING ERROR MODEL

GROUND TRUTH LABEL

SPRING NoN-SPRING
SMALL SMALL
GRAIN GRAIN
ANALYST LABEL -

SPRING '

‘SMALL o B

GRAIN

NON-SPRING
SMALL (1_ -
GRAIN - 1-8

IF THE PROPORTJON~DF SPRiNe SMALL GRAIN Is P
® THe ExpecTED VALUE OF THE ProporRTION OF BLOBS LABELED SPRING SMALL
" GRAIN From A SampLE OF S1ze A Is oap + 8(1-P)
® THE ExPecTED Bias Is
ap + B(1-p) - P = (a-B-1)p+8
® THE VARIANCE Is
(a-a?) P + (B-8%) (1-p) + (o-B)? P(1-pP) ngQWW

A
WHERE A IS THE SAMPLE SIZE AND.
B IS THE NUMBER OF BLOBS. ERIM
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STRATUM AND SEGMENT ESTIMATES FOR «, 8, AND p
® DenoTe Tee LABELS From THE Al's As {CIJK} 1=1,2,3
L J=12,3,...,18
K = 1)2)3; " IJNJ
"NJ- NUMBER OF BIG BLOBS IN SEGMENT J

WHERE CIJK_]' IF THE ITH ANALYST LABELS BLOB K OF SEGMENT J AS SPRING SMALL GRAIN.,

OTHERWISE, CI\jK 0

® THE ESTIMATES FOR‘ o, B, AND P FOR STRATUM S OF SEGMENT J ANALYST I ARE

= - -8
& s T ——————-
E WK 3 TRUTH GRAIN
5 ZWKJCIJK
- , SUM IS OVER ALL BLOBS K IS STRATUM S WITH GROUND
2 :WK J TRUTH NON-GRAIN
5 ZWKJ 1JK
- Py , SUM IS OVER ALL BLOBS K IN STRATUM S
ZWKJ 1JK
WHERE wKJ IS THE NUMBER OF PIXELS IN BLOB K OF SEGMENT J.

I WP T T T
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STATISTICAL ANALYSIS OF THE EFFECT OF
ACQUISITION HISTORY ON ANALYST'S LABELING

USING A THEORETICAL BRIGHTNESS-GREENNESS TRAJECTORY FOR WHEAT BLOBS,
PLANTING, EMERGENCE, HEADING, TURNING, AND HARVEST DATES CAN BE

ESTIMATED. THESE DATES CAN BE COMPARED TO THE ACQUISITION DATES TO

DEFINE ACQUISITION DEFICIENCIES.

FQR BLOB K DEFINE XK1=1 IF BLOB K HAS A PREEMERGENCE ACQUISITION DEFICIENCY

XK2=1
XK3=1
XK4=1

IF
IF
IF

BLOB K HAS AN EMERGENCE ACQUISITION DEFICIENCY
BLOB K HAS A HEADING ACQUISITION DEFICIENCY
BLOB K HAS A TURNING ACQUISITION DEFICIENCY
BLOB K HAS A HARVEST ACQUISITION DEFICIENCY

XK5=1 IF
WE CONSIDER THE- MODEL
ki = Yo * ik 2Kk sk iy ks oo

THE TERMS ¥,s Y1, Y9, Y3, Yy, AND Yt CAN BE ESTIMATED USING LEAST SQUARED-
REGRESSION. "

ERIM
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STATISTICAL BETWEEN-ANALYST COMPARISONS

Y

o ComMPuTE &IJS’ BIJSJ AND ﬁIJS FOR EACH ANALYST-STRATUM COMBINATION OF SEGMEMNT J.

® e CONSIDER THE MODELS

-~ G = u'+ 1]+ €]

II+ n = "l/+ III+ mnm
*1ds I 1Js’ F14s T E LS

g Mo BT 19s ° Prus I 10

I,,

= THE VARIANCES OF & o, B o, AND Py o DEPEND ON @, B, P/, AND BLOB SIZE.

— THE variances ofF T(&, ), T(8, ), AND T(P, ) DEPEND ONLY ON THE BLOB
SIZES, WHERE T(X) = ARCSIN (¥X),

— WeiGHTED ANOVA 1S APPROPRIATE USING A FUNCTION OF THE STRATUM BLOB S1zEs AS WEIGHTS.

® ANOVA Arrows Us To Decompose THE Sum OF Sauares InTo

— BETWEEN ANALYST Sum OF SQUARES
—  WiTHIN ANALYST SuM OF SQUARES

® THE F-TeEST ALLows Us To TesT THE ForLrowine Nurr HypoTHESIS FOR SEGMENT J.

_ H": °=1" =1~ = 0) H”: =1 "=1" = O; AND H’”: M= M= M = 0.
o 0

© 12 3 1253 1 2
® THE BeTween ANALYsT Test Can Be Usep To Group THE SeeMeNTs For LATER Stupy
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STATISTICAL ANALYSIS OF THE EFFECT OF SEGMENT GROUPING
ON ANALYST LABELING
® GROUP SEGMENT BY VARIOUS STATISTICAL AND PHYSIOLOGICAL CRITERIA, E.G.,

- Al CONSISTENCY
-  DROUGHT STRESS

- ® (GROUP SEGMENTS BY ANALYST PROVIDED CRITERIA

- PERCEIVED PHYSIOLOGICAL SIMILARITIES
- PERCEIVED AGRICULTURAL CROPPING PRACTICES

e EVALUATE ERROR AS FUNCTION OF SEGMENT GROUPINGS

ERIM




N i A EAE e b Tt et

Lyt

SUMMARY -

SUBSTANTIAL PROGRESS IS BEING MADE IN CONDUCTING AN EXPERIMENT
TO UNDERSTAND AND EVALUATE ANALYST LABELING IN A FIELD LABELING
ENVIRONMENT AND UTILIZING THOSE LABELS IN A Procebure M
ENVIRONMENT .

SUBJECTIVE ANALYSIS BY ANALYST INTERPRETERS AND-ANALYTICAL
ANALYSES USING STATISTICAL METHODS ARE EXPECTED TO PROVIDE
INSIGHT INTO THE SAMPLING-LABELING-ESTIMATION PROCESS.
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ADVANCED TECHNOLOGY

OBJECTIVE

o To GENERATE VIABLE TeEcHNIcAL OpTioNS FOR LARGE SCALE
AGRICULTURAL FORECASTING SYSTEMS BASED ON REMOTE SENSING
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ADVANCED TECHNOLOGY

APPROACH

o SeLecTt A Few Stupy Topics TypicaL oF BRoAD PROBLEMS
ANTICIPATED IN THE 1980-85 TiMe FRAME

o Usine TECHNIQUES OF GENERAL PROBLEM SOLVING IDENTIFY
Key TecHnoLoGicAL Issues WHicH HAVE POTENTIAL TO BE
RESOLVED

6%T

o OutLINE CONDITIONS FOR SOLUTI&N OR SUGGEST APPROACHES
TO SOLUTION '
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ADVANCED TECHNOLOGY

PrROGRESS

e Two Topics

- USE OF MACHINE PROCESSING TO EXTEND LABEL
INFORMATION TO LARGE AREA

- CONCEPT OF EARLY WARNING

o FirsT Toric Has IDENTIFIED Two Key TecunicAL IsSues

ESTIMATION FROM PRIORS BASED ON COLLATERAL
DATA WHEN SPECTRAL DATA ARE MISSING

ACCURATE REGISTRATION TECHNIQUES

-
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KEY THOUGHTS WHICH WE WISH TO LEAVE WITH YOU

AGRoNoMIC FEATURES AND VARIABLES ARE ENCODED IN LANDSAT DATA FEATURES. UNDERSTANDING
THis Cope 1s CENTRAL TO SuccessruL LABELING.

DIFFERENT'FEATURES CARRY DIFFERENT INFORMATION. No SiNGLE FEATURE CAN SATiSFY ALL NEeDs.

IDENTIFYING STAGE OF DEVELOPMENT IS CRITICAL TO SUCCESSFUL CROP DISCRIMINATION. THIS
IDENTIFIcATION CAN BE ACCOMPLISHED.

ADAPTATION FOR MoISTURE STRESS AND SoIL BRIGHTNESS VARIATIONS IS NECESSARY FOR RoBUST
LABELING PrRoCEDURES. THESE CoNDITIONS ARE IDENTIFIABLE AND CAN Be ApAptED To.

LANDSAT 3 DATA 1S ScCALED SIGNIFICANTLY DiFFERENT THAN LANDSAT 2 DATA. THis DIFFERENCE
Can Be CorrRecTED FoR.

THERE 1S A ReAL CosT AssOCIATED WiTH STRATIFICATION BEFORE SAMPLING. EVEN BREAKING EVEN
IN SAMPLING VARIANCE REQUIRES SoME FINITE "PURIFICATION” PERFORMANCE BY THE STRATIFICATION
METHODOLOGY.

CURRENTLY DEMONSTRATED STRATIFICATION PERFORMANCE FALLS SHORT OF THE APPARENT POTENTIAL.

MEASURES OF PERFORMANCE ARE SUBTLE CREATURES. THEY MusT BE TAILORED To THE SPECIFICS
OF THE INFORMATION DESIRED AND THE ENVIRGNMENT ENCOUNTERED.
THe TaLL PoLeEs 10 BE OVERCOME IN FUTURE ACREAGE ASSESSMENT:
- TruLy OBJECTIVE LABELING
- EFFECTIVE STRATIFICATION
- UNDERSTANDING OF ERRORS
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ON KNOWLEDGE

APPEARANCES TO THE MIND AéEWb%»F0UR KINDS.
THINGS EITHER ARE WHAT THEY APPEAR TO BE;
OR THEY NEITHER ARE, NOR AFPEAR TO BE;
OR THEY ARE AND DO NOT APPEAR TO BE,
OR THEY ARE NOT, AND YET APPEAR TO BE.

To HIT THE MARK IN ALL THESE CASES, 1S THE

WISE MAN'S TASK.

DISCOURSES OF EPICTETUS
EPicTETUS OF HIEROPOLIS
50 BICI - 30 AIDI

“THERE'S No SUBSTITUTE For SiGNATURES”
H, HorwiTz 1979 A.D,

END




