@ . 5 i e A ) et

(393? DEVELOPMENT oz'TzcuiiQUzs prn
3 B
PRODUCING STAZIC STKATA MAPS AND DEVELJPHENT
OF PHOTOINTERPKETIVE METHODS BASED 0N
BULTITEHPORAL LANDSAT DATA Final Report, 15 Unclas

1976 - 14 Dec. 1977 (California Uuiv.) G3/83 00081
- > 4 o, . DAL o e o E >

A

PINAL REPORT - NP -1/ 7702

Renior | J
“Made available under NASA sponsorship E 83 1 O 8
in the interect of early and widz dis- NASA CONTRACT NAS9-14565 :

writion of Earth Resources Surs;
T aoreation 2ad vathout Fatilily
Yor wiiy use made iereol.””

s Pertiod Covered

. o

18 November 1975 to 14 December 1977

DEVELOPMENT OF TECHNIQUES FOR PRODUCING
STATIC STRATA MAPS AND DEVELOPMENT OF
PHOTOINTERPRETIVE METHODS B/SED ON

MULTITEMPORAL LANDSAT DATA

e

L NASASH FESIATY 3
Principal Investigator: Robert N. Colwell ‘\c ACCESS DEPT. : /
%

Project Scientists: Claire M. Hay (Projeck‘W
i Randall W. Thomae
et -0 5§ DO LHTC

originel pb@"- 9 78
galis. -7 L7238 i iy g

PAGE 1S December 1977
ORlG“;g‘é QU;UTY Remote Senging Research Program
OF P Space Sciences Laboratory
. Sertes 19, Issue 1

UNIVERSITY OF CALIFORNIA, BERKELEY

hll'ﬁ "““I' & ',a St Ilii‘i"“ I'I.‘Ialillml i‘l'liiﬁ" '“.ﬂ.\iim‘a.i -i A Ili‘ & ,I""... - - i -~ In'l-. I ii l“.ili! _-.I.EI .".




Space Seiences Laboratory
Univereity of California
Berkeley, Califormia 94720

Final Report

for
NASA Contract NAS9-145665

DEVELOPMENT OF TECANIQUES FOR PRODUCING
STAZTIZ STRATA MAPS AND DEVELOFPMENT O:
PBOTOINTERPRETIVE METHODS BASED ON
MULTITEMPORAL LANDSAT DATA

Prineipal Investigator
Professor R.N. Colwell

Project Scientists

C.M. Hay (Project Manager)
R.W. Thomas

Contributors

Loutsa Beck, Awndrew S. Bengon
Catherine E. Brown, John Claydon
Julie B. Odenweller, Eduin Sheffner
Greg Srith

" Period Covered

15 YNovember 1976 to 14 December 1377

Rermote Sensinrg lesearch Progran

Space Sxiences Laforzicry Series 19, Issue 1

ORIGINAL PAGE IS
OF POOR QUALITY

RN R |

e et



o ey w——

ORIGINAL PAGE 13
OF POOR QUALITY.

i ' Acknowledgements

Grateful thanks and acknowledgement is given to the followjng
) persons for their valuable participation on this contract: Louisa
H. Beck, Andrew S. Benson, Cathersne E. Brown, John Claydon, Julie

B. Odenweller, Paul Ritter, Edwin Sheffner, H. Greg Smith, and George

A. Vasick.




ORIGINAL PAGE 3
OF POOR QUALITY

Table of Contents

1.0 Task I: Static Stratification for Signature Extersion
1.1 Objective
1.2 Géneral Approach
Subtask A: Strata Grouping Analysis
Subtask B: Signature Controlling Factor Sensitivity Analysis
1.3 Data Set
1.4 Results
Subtask A: Stfaté Grouping Analysis
Subtask B: Signature Controlling Factor Sensitivity Analysis
1.5 Conclusions Relative to Strata Grouping for Signature Extension
1.6 Implications of Results Relative to the General Problem of
Signature Extension
2.0 " Task II: Development of Multitemporal Interpretation
Procedures
2.1.0 'Ingroduction
2.1.1 Perspective on Landsat Data
2.1.2 The Analysis Process
2.2.0 Cverall Task Objective
2.3.0 Subtask A: Familiarization witk JSC/LACIE Photointerpretation

Procedures

2.3.1 Objective

2-1



ORIGINAL PAGE 1
OF POOR QUALITY

Paqge
2.3.2 ‘Summary and Discussion . . 2-5
2.3.2,1 Participation in LIST 2-5
2.3.2.2 PFC Product Evaluation - -6
2.3.2.3 "South Dakota Overestimation Problem 2-6
2.4.0 Subtask B: Development of Hultitemporal'Interpretation 2-8
Procedures -
2.4.1 Objective V 2-8
2.4.2 Approach : 2-8
i 2.4.2.1 Development of the Delta Function Stratification 2-9
; ) Procedure |
% 2.4.2.2 Evaluation of the DFS Procedure | 2-17
E 2.4.3 Results and Discussion : 2-19
2.5.0 Subtask C: Exploration of Multitemporal Data Compression 2-34
P;oducts
2.5.1 Objective _ 2-33
2.5.2 Apprcach : 2-34
2.5.2.1 éroducts Evaluyated : ' 2-34
2.5.2.2. Evaluation of Wultitemporal Auxiliary Aid Products  2-46
2.5.3 Results and Discussion . 2~48
2.5.3.1 Analyst Response to Auxilliary Products - 2-48
2.5.3.2 Results of Paired t-Tests | - 2-49
2.5.3.3 Conclusions from Qualitative Comparison of Image 2-53
Products
Appendix A: Legend Code for Signature Extension land Use/Soil A-1

Association Strata




ORIGINAL PAGE 13
OF PQooOR QUALITY

Page
Appendix A.l: Land Use Classification Code a-=1
Appendig A.2: Crop Dive;sitg Code A-2
Appendix A.3: Kansas Soll Association/Soil Subgroup Code A-2
Appendix A.d: North pakota Soil Association/50il Subgroup Code A-23

Appendix B: Influence of Order of Entry on AR2 . B-1

Appendix C: Evaluatlon of “South Dakota Over Estimation Problem"” c-1

e e s e o & —~

VO oa o . T L
I T R T e A s YO |
R AR S A AGALL L2




¥ e v o e et ———

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Fiqure

Figure

Figure

Figure

1.1

1.2

1.3

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

ORIGINAL PAGE 13
OF POOR QUALITY

List of Figures

The Tasselled Cap (Kauth and Thomas 1976a)
Climatic Strata for North Dakota

Climatic Strata for Kansas

.Example of Unitemporal Unlabeled Cluster

Display Procedure

Example of 2x MSS 7/MSS 5 Ratio Temporal Plot for
winter Wheat

Six Examples of Resultant Stratification from the
Delta Function Stratification Procedure

Color Hue Distributions in Munsel Coordinatec Color
Space .

Primary and Secondary Colors and Their Relative Values
in Munsel CoordinatedAColor Space

Examples of MSS 7/MSS 5 and K-2 Multitemporal Image
Products

Examples of Hultitemporal Principle Component Image
Products

Example of MSS 7/MSS 5 Numeric Block Dump Product

2-14

2=35

2-35

2-38

2-45

2-47

- 2~44




ORIGINAL ‘ PAGE (g
o OF POOR QUALITY

Table !.): Siygnature Prtictor Variabhles l_!sad tn Kansag andt
Noreth Nukota Wheat Spectral Sensitivity A:Mviusis
Table [.,2: .'92’8 RIind Site Data Set Used in Kansaz for Grouping
and Sensitivity Analysis
Table !,.3: 1976 Hl{nd Site Nata Set Used (n Noreh fukoca for
Crouping axl Sengitivity Amnalysis
. )
Table !.4: Hotelling's T Tust Results Obtained in the Strata
OSrouping Amalysis
Tables 1.5 - 1.12: Results of Spectral Sensitiviey Analysig
in Xansasg
Tables 1.13 - 1.20: Regults of Spectral Sensitivity Analysis
(n yoreh Dakoca
Table 2.1 Anci!lary Data NSt Vevessary for Feature Nfentification
Table 2.2: liwmic Struvture of Original LIST Questiv
Table 2.3: Sxample of Unladeled Clusters Strata ssiyimend
Table 2.4: Summary of the ISC/LACTE Flelly Provedure am! the
Simulated Fiolds "rovedure Used by UOR

Fadble 2,.8: wheat Distriboreinng within DS Strata

Fableg 2.8 = 2.!9: Amlysis cf Veriaowe Tubles

Nable 2,00 Wheat (Kansa=) Zmel!] Oralns Noreh MaXotal Proportion

Fstimates Average!d by 8 carification and laleling

Proveduyre

1=-14

..
t
.
-




Table

Table

Table

Table

Table

Table

Table

2.21

2.22:

2.23

2.24:

2.25:

B.1l:

ORIGINAL PAGE IS
OF POOR QUALITY

Significance levels Resulting from a Two-Way Anilysis
of Variance of the Stratification lLabeling Factors
Analyst Interpretation Times for Evaluated FProcadures
Expected Resultant Colors for Various Combinations for
Green Vegetaced and Noﬁ-Greén Vegetated Phases In
Temporal Color Composites

Anélgst Labeling Accuracy for Wheat In Kansas
Analyst Labeling Accuracy for Small Grains in

North Dakota

Results of Paired t-Test fo} Multitemporal Data
Compression -Products

Definition of Names of Independent Variables

Tables B.2 - B.S5: Results of Crder of Entry on AR2 Aralysis

Table

o,
e -

c.1:

.

Comparison of South Dakota Winter wheat Estimates

Using Type 2 Dots Labeled by LACIE AI's and UCB AI's

e b,
S " ————————— e+ e

e e T N

2-52



ORIGINAL PAGE IS
OF POOR QUALITY

SECTION 1.0:

STATIC STRATIFICATION FOR SIGNATURE EXTENSION

R.W. Thomas and J. Claydon
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1.0 71asK I: STATIC STRATIFICATION FOR SIGNATURE FXTEUSION

1.1 OBJECTIVE

The objective of this task was to-evaluate and if necessary improve
the signature extension stratification maps developed by UCB in previous
LACIE tasks. Specifically, the ability of the strata to oroup Spec-
trally similar wheat subclasses was to be evaluated. T+ :rder to under-
stand the physical cause of the strata.grouping pattéras, a number of
climatic, soil and lLandsat pass-specific variables were analuyzed with
regard to their influence on the spectral signature of wheat.

1.2 GENERAL APPROACH

The task, designed to evaluate the statistical significance of the
static stratification and to provide information for its refinement, was:
divided into two subtasks. These were (1) to evaluate through Hoteiling's
2 statistic the static stratifications’ abiliiy to grecup spectrally
similar areas in order to maximize signature exte.sion siuccess aad (2)

to determine the statistically significant signature controlling variables
for use in refining the stratification procedure.

SUBTASK A: STRATA GROUPING ANALYSIS

The purpose of this subtask was to determine if the static strati=-
fication did in fact isolate areas tending to have similar wheat siga-
tures. This analysis was also Intended to discover the extent to which
individual strata could be grouped together and still provide for poten-
tially successful signature extension.

The final experimental nrocedure was composed of five basic parté.
The first, preprocessing, standardized segments to a common sun elevation
and haze condition. This was accomplished by implementation of XSTAR
haze correction procedures (Lambeck 1977) developed at ERIM, Preprn-
cessing iIn this case provided a more stable measurement frame (Landsat
or Tasselled Cap Space)}) and thereby increased the ease with which real
spectral differences could be identified and evaluated. .

Each sample segment was partitioned according tc

association strata as defined by the UCB static stratifl. Each
segment partition was then individually ciustered in a s:: te

mode by ISOCLAS (adapted from JEC). The clustering Lror:.i:
to ten iterations, a maximum band standard deviation =f 1.
counts within a cluster, and distance between clusters of .2.

responding Blind Site ground data maps.
required in this cluster grouping process,
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to lowes%) by thelir 2 x Band 7 to Band 5 ratios of the cluster means

on the Landsat pass-date In gquestion. This ratio was used as an Indi-
~ator of vegetatiqn and, depending on the date and state, of wheat

versus other crop tupes. Using an interactive color TV mcnitor system, clusters
having the higher Band 7 to 5 ratios were displayed and analyzed first,
followed by clusters having lower ratios down to the non-live recetation
or "soil line" (1.0 - 1.10) (See unlabelled cluster display procedure
description in Section 2.0.) In this way the muiriple clusters occurring
within fields could be "reconstructed"” into field patterns and strongly
correlated crop type patterns on the initially blacked-out TV screen.

The proportion of wheat in a given cluster could then be readily judged
according to its distribution among fields. Four basic percent wheat
cluster groups were established: 75-100%, 50-<75%, 25~<50%, and 0-<25%.
Information was also recorded regarding the cover type makeup of the non-
wheat portion of cach cluster group.

A random sample ol pixels were labelled from the cluster groups com-
prising 75-100% and 50-<75% wheat in eacir stratum of each segment on
each date. A random number generator cperated through the interactive
color display system minimized the time required for pixel selection.
Ten to fifteen pixels In each of the twy cluster groups were labelled
&5 to crop type using the 55C Blind Site ground data maps. This labelled
pixel sample served three purposas: (l) it served as a check on the
ocular estimate of percent wheat for each cluster group; (2) it pro-
vided the data employed in the Hotelling's 12 test of wheat spectral
difference between all possible pairs of land vse/scoil/climatic strata
samnled; and (3) it provided the wheat pixel data used in the spec-
tral sensitivity =2nalysis f(Subtask B).

The firal, or fifth step, in the strata grouping analysis was to
perform pairwise spectral comparisons of wheat signaturée-petween all
possible ~ombinations of the land use/soil/cilmatic strata sampled.
These comparisons were made by applying Hotelli«g's test to the
four channel Landsat wha-t signatures obtained from each pair of strata.
Tnree sources of wheat signature data were evaluated separately: (1)
the sample of pixels from the 75-100% wheat cluster group; (2) the sample
of pixels from the 50-<75% wheat cluster group; and (3) the combined
sample of pixels from the 75-100% and 50-<75% wheat cluster groups ob-
tained in each stratum in each segment. Comparisons were limited to
the same state and same biostage.*

The result of the Hotelling test was a statisticai significance or
alpha value which gave the probability that the observed wheat signa-
tures camz from the same population. Aipha values of .05 (5 times Iin
100) or less were Iinterpreted to mean that the null hypothesis of no
significant spectral difference between wheat signatures was to be
rejected for the given pair of strata in guestion. By noting which pairs
of strata did not cause rejection of the null hypothesis, sets of strata
having statistically simiiar wheat signatures could be defined. Further=~
more, It was assumed that non-rejection of the null hupothesis of spectral

*ror purposes of this ara’.:sis a given biostage was considered to e ex-
tended over the several davs inciuded in the Zate set.
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similarily implied & high probability of acceptable wheat classification
performance. That Is, 1 wheat spectral models (training statistics -
mean veccor, covariance ratrix) obtained from one portion of a set cf
spectrally similar strata were used to classify (using qiadratic ot
linear discriminannt functions) the remaining portion of that strata
set,.an overall acceptavle level of classification performance wot ‘4 be
obtained. Acceptable as used here is defirned relative to the classi-
tication accuracy ootained by classifying based on loca® strata train-
ing statistics.

SUBTASX B: SIGNATURE CONTROLLING FACTOR SENSITIVITY ANALYSIS

This subtask differed from the first iIn that the cause for signa-
ture varliability was explored. The basic agproach was to develcp re-
gression relationships relating spectral reflectance (dependent variable)
to a set of static stratification, seasonal, and dcte-specific predictor
variables. Matched spectral response and rredictor variable data were
obtasined for all pixels sampled in the grouping analysis (Subtask A).

The signature predictor variable set is described in Table 1.1. This
list has been revised from earlier work (Hay et al. 1977b) to incorporate
measures of evapotranspiration stress and available soil moisture.

The relative Iimpwrtance of each signature predictor variable listed
in Table 1.1 was expressed two ways. Measure #l consisted of the rercent -

of total spectral vcriance (by band) explained »y the addiion of a
given predictor variable to the regression eguation. Viriables were added
in the came order as listed in Table ].l using a stepwise regression
technigque. The order - static, seasonel, date-specific = was chosen to
most effectively identify the percent spectcal variance accounted_ for by
the static stratificarion variables before application of a sivnature
extension alzorithm, The r? (multiple correlation coefficient squared)
increments, representing the percent of variance added by each variable,
were hichly dependent on this ordering.

The second measure of signature predictor variable importance <id’
not employ a pre~-specified order of entry into the regression. A for-
ward selnction regression procedure?was used to ordor variables ard tatu-~
late the R increments. Using this technicue, the predictor variable
having the highest simple correlation with the spectral band in question
was entered into the regressior first. The next variable entered was
the one having the highest partial ccrrelation with the spectral band afterc
the effect of the first variable entered was removed from both the de-
pendent and independent varables. The third variable entered had
the next highest partial correlation with the spectral response variable
anong all remcrning predictor variabies with the efficts of the first
two variables removed, and so on. Order of eitru for a given variable amor.,
all bands for a given date proviie the seconi measure of performance.

Both Landsat baads and Tasselliad Cap (X3zuth) bands were used as the
dependent signature variables In the recgression. Tasse:led Cap bands
are formed by a rotation of the Linisat rocriinate system by date to

’

*As imzlemented by the Staulstical Package or the Social Sciences (SPSS:.
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Signat.re Predictor Variables Used in th» Kansas and Nortl
Dakota Wheat Stectral Sensitivity Arnalysis

Predictor Variables

I. STATIC STRATIFICATION VAFPIABLES

(obtained from Static Strata map)

A.

Cultivated area percent
(CULTPCT) -

$0il available water
holding capacity

(AWC)

Long term averdage growing
season degree-days

(LTGSDD)

Long term average growing
season precipitation

(I TGSP)

Lony term potentiul averace
available water in top two
feet of soil.

(24XAWC) X LIGSP

cng term growing season
evapotranspiration

(LTGSET)

Measurement Technigque Used
for Each Field Sampled

Midpoint of cultivated area percent
range for the land use class covering
the wheat field

Average inches of water held per
Inch of soil at rield capacity in
the top 24 incles for the static
strata soil assoication covering
the wheat field. These values are
obtained from information -available
in county soil survey publications.

Midpoint of growing season degree-
day class covering the whrat field.
Degree-day classes obteined from 30
year average data by automatic and
manual interpolation of ground
meteorolcgical station data for the
period April through June In Kansas
and June through August in North
Dakota.

Nidpoint of growing season precipitation
class covering the wheat field. Pre-
cipitation classes obtained from 30

year average data by automatic and
manual interpolaticn of qground metecr-
ological data for the period April
through June in Kansas and June

thirough August in North Dakota.

Multiply previously obtained values
of AWC and LIGSP.

Substitute S5-year average :alues for

pan evaporatior from nearest ground
meteorological station making this
measurement. Alternatively, empirical
models using temoeraturc and solar
radiation may give satisfactoru
evapotranspiration estimates. Currenz:
only pan data is uvtilized here.
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Table 1.1 fcont’t)
. Messuremnent lochnigues Used
Predictor Variablse h Field Sampled
«. long term 2vapotranspiration k H previous iy obtainet valves
s =m0l aoisture A gad LIUSKT,
{dnAN) NOLTUSET
11, NEASONAL VARIABLES
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Table 1.1

III.

(cont'd)

F. Growing season measurc cf
available soil moistuvre in top
2 feet of soil
(24xAMC X SUMGSP) - SUMGSET
= potential available soil water-
evapotranspiration loss -

G. Average January 1976 temperature

(JANTEMPT)

H. Planting season degree-days
accumulated to Landsat pass-date

(SUMPSDD)

I. Planting season precipitation
accumulated to Landsat pass-date

(SUMPSP)
LANDSAT DATE-SPECIFIC VARIABLES

A. Precipitation in the four days
preceding Landsat pass-date

{(PPT4DA)

B. 100X Tungent of Landsat
scan angle

(SCANANG)
C. lLandsat Band 7 to F.:nd 5 ratio
(RASF) This ratio is one real-

time indicator of biostage.

1-6
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Use values for AWC, SUMGSP, and
SUMGSET obtained previously. Note
that ground water table (a water
source) is assumed not to be near
the soil surface.

Determined from nearest meteorological
station as in II.B,

Determined as in II.B. but for the-
period September through November
(Kansas) and April (North Dakota).

Determined as in II.B. relative to
precipitation data in the period
August ‘through November (Kansas) and
April (North Dakota).

Determined as in II.B. relative to
precipitation data.

Departure measured along scan line

of segment relative to an imaginary.
base line perpendicular to the scan
direction and passing through the
Landsat full frame center point.
Measurement based on full frame
center point longitude and latitude
cooriinates given in Landsat Cumulative
U.S. Standard Catalog and on sample
segment coordinates supplied by JSC.
The departure, reported iIn nautical
miles, is defined as zero on the base
line and increases positively to the
east and negatively to the west. Then

_ departure (n.m.)
mean sat. altitude
(494 n.m.)

tan (scan angle)

Obtain (2x) Band 7 to (lx)
Band 5 ratio for the pixel.
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to give four n=w tanls (see Figure 1.1). The first of these bands is oriented along
what Is termed : uuil) brightrness axis, darker surface reflectances having lower
band values. A = ness band (Band 2) is defined perpendicular to the first.

This channel has kewrn Zound to behave largely as a function of crop state

and leaf area indsx. Conseguently, as crops move throuyh their life cycle

they tend fto tr srticular trajectory (the "Cap") in the brightness-

greeness planc g on the initial sofl brightness at the time of

planting or 2n 2. A& third Jinernsion, yellow, is next defined per-
rendicular to o i ness-gre2ness plane. To date, this band has beer
used as a haze correction diagnostic (Lambeck 1977) and has also been sug-

gested to be relat:d to senecing vegetation, In this latter case, vegeta-
tion as it matures Is hypothesized to move slichtly out of the brightihess-
greeness plane and "rol.l over," thus forming the very top of the cap. Near
ard after harvest the :rop’s trajectory, or more exactly the individual
trajectories of tihe rlzld representatives of the crop, in the brightness-
greenpess-yellow spac: proceed back to their particular soil brightness
regions from whernce they started, thus forming the cap's "tassels." A
fourth dimension ‘s Zefined perpendi-ular to the huperplane or space of
the first three. This dimension contains only a small percentage of

the total spectrai variance, largely noise, and has as yet to be relatcl
to crop cycle parameters. See Kauth and Thomas, 1976b, for a complete
discussion of Tasselled Cap Space. '

1.3 . DATA SET

Two biophase periods were selected in Kansas and North Dakota in
which to apply the grouping and sensitivity analysis procedures just des-
cribed. Date #1 in both states represented a wheat emergence condition.
The second date corresvonded approximately to a Jointing or advance
jointing condition for the wheat crop. These time periods were selected
based on sensitivity analysis results reported earlier (Hay et al. 1977a)
which suggcsted that these stages were most difficult to characterize by
statjc stratification variables. This analysis was therefore considered
conservative relative to the performance of the static stratification.
Availabhle sample secments were limited to those 1976 LACIE blind sites
having ground data to minimize Incorrect interpretation of results. Tables
1.2 and 1.3 list the sample segments, dates, and land use/soil/climatic
strata sampled. Figures 1.2 and .3 display the location of the clilimatic
strata utilized iIn the grouping analysis.
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SURAPASY A SIRATA TRXFING ANALYSIS

all possidla pairs of strata in Tadles ]
and 4 : 3 o Nctral o sirilaricy. For each strata naer, Hecelling
al ) -
o~ e Of pixels fromothe TS

aten! In doth stratalt aad
:w‘—c SV owheat Ccluster group.

iy to a sampla uf pixels @ .
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Table 1.4:

Kansas
Date Set #1

Kansas
Date Set H2

North Dakota
Date Set #1

North Dakota
Date Set #2

ORIGINAL PAGE g
OF POOR QUALITY

Hotelling's 72 Test Results Obtained in the Strata Grouping
Analysis When Pixels Sampled Frcm Cluster Sets 1 and 2 (75-
100% wheat and 50-<75%, respectively) Were Pooled Within Each
Land Use/Soil Stratum

Frequency With Fhich the Null FKujcthesis of
Spectral Similarity Was Accepted when All
Pairs of land Use/Soil Strata Ircluded in
Sample wWhere Considered

Within Same Between Between .
Climatic - Vertically lagonally
Stratum or Adjacent
Horizontally Climatic
Adjacent Strata

Climatic Strata

323 (a<5%)* 19% Y
42% (a<i%)* 43% ——-
50% 0%** _—-
75% . o%t e ——
33% 24% 50%
50% 24% 50%
63% -—- 67%
75% --- 67%

*Level of signsficance for rejection of null hypothesis set at «u<5% for
top entry and <l1l% for bottom entry.

**Based on only three possible strata matches available for test.

**2*No strata pairs available for test.
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SUBTASK B: SIGNATURE CONTROLLING FACTOR SENSITIVITY ANALYSIS

Pixel data from both the 75-100% wheat and 50-<100% wheut classes
were pooled and regressed on corresponding static, season-specific, and
lfandsat pass-specific signature prediction variable data. Results for
individual regression-on each Landsat and Tasselled Cap (Kauth} band
are presented in Tables 1.5 - 1.20, The Tables are arranged first by
state, then by date set #1 or #2, next by Landsat versus Tasselled Cap
bands, and finally by ordered regression versus regression without prior
ordering. ’

The most striking feature of the tables, showing results for Landsat
bands with ordered regression (Tables 1.5, 1.7, 1.13, 1.15}) is the sig~
nificant importance of long term growing season degree-days and/or pre-
cipitation in accounting for the variation in spectral response. In
this case degrroe-days was the strongest on both Xansas date sets and
the second North Dakota date set. Long term growing season ppt. acccunted
for the larger share of variance on the first North Dakota date set.

The other variable accounting for substantial amounts of spectral var-
lance was cultivated area percent. This variable, obtained from the
static stratification land use code, was significant in Landsat Bands

6 and 7 on date set #2 in both states and in all bands on date set =!

in North Dakota. An evaluaiion of the cross variable correlation matrix
suggests that the importance of the cultivated percent was largely an
artifact of the sample distribution in North Dakota. One cother variable,
available soil water holding capacity (AWC), was expected to be signi-
ficant in North Dakota. Unfortunately, AWC values could not be cal-
culated for cvery land use/soil stratum and consequently this variab!=z
(as well as composite variables using AWC) was omitted from the sensi-
tivity analysis.

At the bottom of the tables summarizing ordered regression results
are three additional entries by band: Total R2,-¢MSE, and Total Sum
of Squares. The first of these entries is a sum of the R? accounted
for by each predictor variable listed on the left. This sum 1s equal
to the total explained variation in grey level values in each landsat
band. In Kansas total variation explained by predictor variables
averaged 6.% on date set #1 and R0% on date set #2. Similar figures
for North Dakota were 53% and 27%. The lower figure on the second Jate
In North Dakota appears to be dJdue to the small size of sample and pcs-
sibly also to a relatively flat wheat spectral response surface over
North Dakota on that date. The square root of the mean square error
(\/ﬁgf) represents the one standard error level for regression ax-
pressed in grey level counts by band. This value represents an interal on
either side of the mean spec+ral response estimated from the sample 1n
whizh the true mean spectral vaiue (for wheat cluster qroups ! and 2
combined! shouls fail o8% of the time.* The smaiierxfygf, the less

“ferences (resifuals

*Assuming the regression madel is sorrect and the di :
tributed abocut the

iif
between true and predicted values are normaliy Jdistr

regression lines.



B i hbding ke~
. 1

TaBLE 1.5.

10,

11,
12,

~NOY U W N

ORIGINAL PAGE |5
OF POCR QUALITY

KANSAS

SPECTRAL SENSITIVITY ANALYSTS (A R2 VaLugs)

- OrDERED REGRESSION
Date: 18, 19, 20 January 1976

No. oF PIxELs SAMPLED: U454

CuLtivaten Per,

WaTer HouDING CAPACITY

L.T. Grow. Season Des. - Davs
L.T. C=ow. Season Precie,
(24xAHC)  x Lres Precip,
L.T. GrowING SEASON Evar,
(28xAHC) ~ x LTes Evap,

Ave. Jan. Tewmp.
PLANT. SeAson Deg. - DAvs
PLanT, Season Per,

ScaN ANGLE
7/5 RaTIO

ToTAL R2

\MSE

ToTaL SuM GF SQUARES

L4 15 L6

01 .02
01 01 01
17 13 43
0l .09 .04
02 .03 .02
01 |

.03 .03 .03

04 .06 07

02 01 01

L2 .0l
Q0 18 .02

46 .01 ol
3.3 h.5 6.3

8,9 K 223K 49.,5K

L7

.35
.06
04
01
.04

01

17
73
2.4

9.0 K
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YANSAS

SPECTRAL SENSITIVITY AMALYSIS

REGRESSI1ON WiTHouT Prior OrpERING (ORDER oF ENTRY LIsTeD)

Date: 13, 19, 20 January 1976

No. oF PIxELS SAMPLED: 454

w5 W’ L

CULTIVATED PcT, 4 4 3 7
WATER HoLDING CAPACITY |

L.T. Grow, SEASON Deg-Days 5 6

L.T. Grow. SeasoN Precip. - 11 5
(24xAWC)  x Ltes Precie, 3 10 6

L.T. GrRowing SeasoN Evar, 3

(24xA4C)  x LTes Evar, 6 6 10

fveE. JAN, Temp, 7 8 b 3
PLaNT, Season Des, - Dars 16,24) 1¢,28) 1(.51) 1(.43)
PLANT., SEAsoN PpT, . ' 2 2 2 5
Scan AnGLZ 9 9 7 9.
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KANSAS

SpecTRAL SENSIT;VITY ANALYSIS (D R2 VALUES)

CRDERED REGRESSION -

DaTe: 4,6,7 May~T976
0. OF PIXELS SamPLED: 162

LY L5
1. CuLtivatep Per, |
2. WaTer Houpine CapaciTy (ANC) .04 .05
3. L.T. Grow, Season Dee_ -Davs .80 J8
4, L,T, Grow. Season PpT, .02
- 5, (24xA4C)  x LTGS Pert, | 01 02
TotaL RZ .86 .84
~JisE 5.87  3.15

ToTAL SuM OF SQUARES 38.8 K 67.0K

Lo
()
Ul

54,2 X
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KANSAS

SrECTRAL SENSITIVITY ANALYSIS

RenreSSION WiTHOuT PRIOR OrpDERiNG (0ORDER oF ENTRY LiSTED)

Date: 4,5,7 May 1376
No. oF PixeLs SampLED: 162

CuLtivatep Pcr,

Water Houping CapaciTy (AWO)
L.T. Grow, Season Dec. - Davs
L.T. Grow. Season PrT.

. (24xAWC)  x LTGS Per.

L.T. Grow. Season Evar.

RoBerRTSON BIoONU~BER
Ave. Jan. Tewp,
Grow, SeasuN Des, - Davs

SCAN ANGLE

LY

2(,31)

1€.43)
b
4

5
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LS
2(,28)

1(,51)

L6
5

1,71

(¥ ]

L7

6

s
1(.65)
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SPECTRAL SENSITIVITY ANALYSIS CCSRZ VaLUES)

ORDERED REGRESSION: TASSELLED (AP

Date: 18, 19, 20 January 1976
No. OF_szELs SampLED: 454

AN N

~NOYUY &

O OO

11,
12,

CuLTtivaTep Pcr,
WaTeR Houping CapacITY

L.T. Growine Season DeG-

Davs

L.T. Grow, Season Per,
(24x8HC) X LTSG Per.

L.T. Grow. Season Evap,

(24xAYC) X LTSG Evar,

Ave, Jan Temp,

, . PranTt, Season Dec-Days

PLANT. Season Per,

ScaN ANGLE
7/5 RaTio

ToTaL R2

ToTaL Sum OF SouaRes

KI K2
01 .0l
01
37 .22
07
03
o4 .0l
07 .ol

o0l
59
Bl .85
$.10  2.00
74.8K 12.2K

K3

.02

01

01

05

2.10

2.0K

Kt
03

04

02
i
03
01
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TasLe 1,10: KANSAS

SPECTRAL SENSITIVITY ANALYSIS
ReGress1on WiTHOUT PrIOR ORDERING (ORDER OF ENTRY LISTED)
TASSELLED CAP

Date: 18, 19, 20 January 1976

No. oF PixeLs SaMmpLED: 454

KL K2 K3 K4

1. Curvivatep Per, 8 7 9 7
2. L.T. Grow. Season Dec- '

Days 6 1¢,21) 4 1¢,06)
3, L.T. Grow, Season Ppt, 5 5 1¢,01} 3
4, (2uxAWCIXLTGS Prectp, 10 . 8 10 5
5. L.T. Grow. Season Evap, 3 3 2 2
6.  (24xAHC)xLTGS Evar, g 9 6 6
7. Ave, Jan,Temp, 4 4 5 10
8. Prant. Season Dec-

Days 1¢.47) 7 4
9, PuanT. Season P, -2 2 3 3
10.  Scan ANGLE 7 6 8 9

1-21



TaBLe 1.11: KANSAS

SPECTRAL SENSITIVITY ANALYSIS (ARZ VaLues)

ORIGINAL PAGE IS
OF POOR QUALITY

ORpERED REGRESSION; TASSEILER (AP

Date: 4, 6, 7 May 1976
No. oF PIxeLs SAMPLED: 162

K1
1. CuLtivaTtep Pcr. 07
2., WaTer Houping CapacITY
(AWC)
3. L.T. Grow, Season Dee-
Davs 75

. L.T. Grow, Seasow PeT,
"5, (24xAHC)xLTGS Pet. 01

TOTAL R2 8l

JHSE | 12,2

ToTAL SuM oF SQUARES 141, 2K

K2
23

.26

003 3

J3

6.5

24,7K

1-22

.61
13

78

2.4

.bK

ll7

027

2.0

8K
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TaBLe 1.12: KANSAS , OF POOR QUALITY

SPECTRAL SENSITIVITY ANALYSIS
ReGRessTON WiTHout PRIOR OrperinG (ORDER OF. ENTRY LIsTED)
TasseLLep Cap

DaTe:

4, 6, 7 Mav 1976

No. oF PixeLs SampLeD: 162

- 10,
11,
12,

13,

K1 - K2 3 Ky
CuLtivaTep Per. 2¢,13) 6 5 4

WATER Howpine CapaciTy
(AKC) 1¢.43) 2(,44)

L.T. Grow Season Dec- :
Days 1(,69) 2

(24xAYC)xLTGS Per, , 1¢.18)
L.T. Grow Season Evap. - 3

ROBERTSON BIONUMBER 5 5 6

Grow Season Dec-Davs 3

Grow Season PeT, 6 1(,349)
(24xAWCxGSP) - GSET 2(,29)

Ave Jan Temp ' 3

PLanT Season Deg-Days 4 5
PLanT Season Prectp 4

Scan ANGLE 3 uy
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NorTH DAkoTA I

SPECTRAL SENSITIVITY ANALYsis (O R2 VALUES)
ORDERED REGRESSION

DATE: 24, 25, 28, 27, 28 May 1976
No. 0F_Pxxeys SaMpLED: 192

L4 L5 L6 L7

1. CuttivaTep Pct - 27 .29 23 17
2. L.T. Grow, Season Dec-Davs .02 .02 01 04
3, L.T. Grow, Season PpT. 31 .35 .13 .06
4, L.T. Grow, Season Evar, : .02 01 .03 .02
5. RoBERTSON B1oONUMBER 01 .01 01 01
6. GRoW. SeasoN Dec-Davs 01 .01

7. GRrow, Season PeT. 02 .01 02 03
8. Sum. Grow, Season Evap, .03 .04
9.

Ave, Jan, Temp,

ToTaL R2. . S 700 e L3

VMSE 5.0 7.5 .37

2
<

(2]
M
<

ToTAL SUM OF SQUARES - 15,5K 138.7K 3.8K
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NorTH DaxkoTa

SPeECTRAL SENSITIVITY ANALYSIS

REGKESSION W1THouT PRIOR ORDERING (DRDER OF ENTRY LISTED)

DATE: 2“; 25) 261 271 28 MAY 1976
No. oF PixerLs SampLep: 192

Lty LS L6 L7
1, Curtivatep Per 4 7 8§ 8
2. L.T. Grow, Season Dec-Davs 5 4 3 3
3, L.T. Grow, Season Per. 8 5 5
4y, ROBERTSON BIONUMBER 3
5. Grow. Season Dec-Davs | 6 5
6. GroW. Season Ppr, | 3 6 6
7. Sum GrRow, SeEAason Evar, 7 8
8. Ave, Jan Temp, | 4 4
9, PuanTt. Season Deg-Davs

10. PianT. Season Pert. 6 7 7

11. Four Day Per. 1(,57) 1¢,68) 1(, 36) 1(,20)
12. Scan ANGLE 2 2 2 2
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NorTH DakoTa
SPECTRAL SENSITIVITY ANALYSIS (A R2 VALUES)

ORDERED REGRESSION

Date: 30 June; 1, 2 Jury 1976
No. ofF PixeLs SampLeD: 157

L4 L5 L6 L7

1. CuLtivatep Pcr, : 04 03 10 10
2, L.T. GRQw. Season Dec-Davs .02 22 .16
3. L.T. Grow, Season PeT, . .02 .01 01
4, L.T. Grow. Season Evar. .07 07 03 06
5. RoBERTSON BthUMBER L0l 03 .05 07

ToTaL RZ A5 .13 .40 0,10

VSE - 22 2.8 6.7 3.9

ToTaL SuM oF SQUARES . 8K 1.4k 11.,1K 3,8K

1-26
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NorTH DAkOTA

SPECTRAL SENSITIVITY ANALYSIS

ReGRESSION WITHoUuT PRiorR ORDERING (NRDER OF EnTay LiSTED)

DaTE: 30 June; 1, 2 Jury 1976
No. oF Pixers SamprLep: 157

L4 LS L6 L7

1. CuLtivaTtep PcT. 4y 4 4 4

2. L.T. Grow. Season Dec-Davs

3. L.T. GrRow. Season Pe1. 3,1 5

4, L.T. Grow. Season Evap, 5

5. GROW"SEASON Dec-Days ‘ 5(13)
GRoW, SEAson PeT. 3(.13) 3(99)
4 Day Pet, 1 1 1(13) 1¢.07)

o

8. Scan AncLE 20.12) 20.12)
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SPECTRAL SENSITIVITY ANALYSIS (A RZ VaLuges)
ORDERED REGRESSION; TASSFLLED (AP

Date: 24, 25, 26, 27, 28 May 1976

No. oF PixeLs SampLep: 192

K1 K2 K3

1, VCULTIVATED Per .30 .01
2, L.T. Grow Season Dec-DAvs 11 .01
3. L.T. Grow Season PpT .26 10 04
4, L.T. Grow Seasnn Evap .02 02
5. RoBERTSON BlowuMmBer 01 .01
6. Grow SessoN Dec-Davs ‘ 01 | '.01
7. Grow Seison Pet 02 01

8., Sum Grow Season Evap 01 03
TOTAL R2 65 .26 Ll
MSE 8.6 5.5 1.7

TOTAL SUM OF SQUARES 36.2K  7.,5K 6K

K4

.03

.02

01
01

.01

01
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TaBLe 1,18: -NORTH DAKOTA

SPECTRAL SENSITIVITY ANALYSIS
ReGress1oN WiTHouT PRIOR ORDERING
TasseLLeD Car

Dave: 24, 25, 26, 27, 28 Mav 1976

No. oF PixeLs SampLep: 192

K1
CuLrivatep PcT. 7
2, L.T. Grow Season Des-
Davs 3
3. L.T. Grow Season Pet
4, RoBERTSON BIONUMBER
5. Grow Season Dec-Davs
6. Grow Season PpT 6
7. GrRow SEAsoN Evap 8
8. Ave Jan Temp 4
9, Puant Season Dec-Davs
10, PraNT Season Ppt 5

11. Four Day Pet
12. Scan ANGLE 2

- s ae . - - P ot a3 St o VN
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+ s et v by At o .

(OrpER OF ENTRY LISTED)

K2

2¢,04)

K3

1(,58) 1(.09) 1(.05)

2

K4

3(.06)

fa—
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TasLe 1.19: NORTH DAKOTA

SPECTRAL SENSITIVITY ANALYSIS (ZB'RZ VaLUES) !

CRDERED REGRESSION; Tassritfen Cap
DaTe: 20 June; 1, 2 Jury 1976
No. oF Pixers SampLep: 157

| K1 K2 K3
CULTXVATED Pct .07_ 11 .06
L.T. Grow Season Dec-
-~ Davs - 25 15
3. L.T. Grow Season Ppt ' 01 ,02
4. L.T. Grow Season Evar 01 .06 .04
5. RoBERTSON BronuMBER .03 .06
TOTAL RZ 34 .39 13
JIE 55 63 1.2 1.

TOTAL SuM OF SQUAREs 7.0K  9.7K 3K

.20

2

3K
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TaBLe 1.20: NORTH DAKOTA

SPECTRAL SENSITIVITY ANALYSIS
ReGRESSION WiTHouT PrIOR ORDERING (ORDER oOF ENTRY LISTED)

TasserLep Car
Date: 30 June; 1, 2 Jury 1976
No. oF PixeLs SampLep: 157

K1 K2 »K3 K4
1. CuLtivaTep Per 4 4 4 4
2, L.T. Grow Szason Dec-Davs 5 | 5
3. L.T. Grow Season PpT | 5.17)
4, L.T. Grow Season Evar 5 5
5. Grow Season Dec-Days . 3017
6, Grow Season Precip 3(,13)

7. PLANT SeAson Precip 3(.09)

Four Day Precip 1¢,14) 1(.C8) 1 1
ScAN ANGLE 2,11 2(,1D 2

N
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error expected in predicting the mean band value from the signature
predictor variebles. The Ictal Sum of Sguares entry is defined as the
sumr ¢ the scuared Jdifferences between a reflectuszce value for an indi-
viduval pixel and the average reflectance value over all pixels in that
band. Note that approximate variance by band iIs given when the total
ums of sguares is divided by the total number of pixels sampled per
date. Care should be taxen in comparing ban' varian.e betwesn dates in
that the same distribution of cliratic strata could nov be sampled on
each date.

Results of regression v ithcut prior ordering of predicror variable
entry into the eguations fo Lardsat bands are presen.ed in Tables 1.6,
1.8, 1.i4, and 1.76. While the reader is cautioned against putting much
welght on the exact order of ent:y (See Appendix B), tlLce Ffolliowing ob-
servations were deemed significant. In kansas, variabi?s entering first
on date set §1 were fall 1975 planting secson grecipitation and degree-
2eys. This was oxpected for a January 1976 pass—cate. Lont term
Jrowing season degree-days, cultivated percent, and scan angle were the
first variables entered (i.e. kaving the highest correla:ion or partiai
corralation with tlte Landsat band values) into the regressions on the
second date set In Kansas. Precipitaticn in the four days preceding
landsat pass ( four day ppt.) ard scvan angle were entered consistentliy
as the first and second variables on bhoth detes in North [xkota. If
present, four day ppt. can have an important impact on speciral signa-
tures by wetting the soil or canopy surfaces. Other variadles entering
subseguently incluled eitl.er long term or season-specific degree-day
or precipitation variables.

Review of the ordered regression results for the Tasselled Cap
(Xauth) Xands (Tadles 1.9, 1.11, 1.17, 1.1%9) shows the long term
crewing season degree-dsy varieble to be dominant in accounting for
spectral variance on boti. Kansas dates and the second North DMakota
date. This pattern was particularly evident in Banxds 1 and 2 (bright-
ness and ¢reeness, respectivelu). The long term growing seascn de-
gree-days term was alsc important on Band 2 of date set #1 in worth
Dakota, but the long term precipitation variable had greater overall
significence on this date. Land use (cultivated area percent) and soil
water holding capacity were found significant in the green bond on tle
second date set 1.0 Kansas. As indicators of cropping intensity and
capacity to suprly moisture for growth, land use and AWC can be iogi-
caily linked to the crop Zevelopment thought to be measured by the
greeness hand. The relative Importance shown for land use in Band 1
on the first North Dakota dace set should be treated with caution.
while moderate correlation between land use and soil brightness (Band
i) shnuld be expected, examination of the data indicates that the high
percent of spectrai variability accounted for >y lanéd use may, In this
case, be largely an artifact of the spatial distr_ bution of samples.

Xauth band tables 1.10, 1.12, 1.18 and 1.30 show that the pattern of

signature predictor variable entry when using regression without prior variable

créering follows closely that obtained for the lLangsat bands in each
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each Jate Set,  looking at all dates as a wholo, the izst
enterad [2to the regressions were usualiy sowe comdlnalion
aeie, wrovipilation o the four days proceting lLandsat pas

e oan ! or season-specific degrad=day and precipitation termu,

S oyain ancther viewnovint on the inherent structure or (nlepen=
Jerzr s the signature predictor varfable set, a4 factor

Jusin was appliled to the pixel sample Jata (landsat raflactances)
e uster groups 1 amd J. The procedure was to first per-
wnents rotation on the pixel sample fur each date
roehiv polnt, the [ocation of each variadble was ex-
sead [ ferms of an orthoyonal coordinate system (cach ax:s being
Wicular or normal to every other)., The first axis of thus
has the Jfceatest variation over all variables, the seconmd axis
¥ ovariation, etc. Next a vari-max orthoyonhal rotatlon
um‘%«d to the 'rr.{u el components results in order to
ean .': signature predictor variable te load on one Jinension (or
facter®) oas much as possible.

’

2

Approximataly the same patlern of factor loeding resgltat in
fovth Kansas and North Qdkota,  Namely, the first factor representet
4 water sCress arxis--positive values representing water loss (eva-
roration varfables) and negyative values water Input (precipitation
variables, sofl water holding capacity). Axis 82 related to lony term
Jdeyree-dags; Axis 83 to land use, and AxIs #4 to scan angle, In
Norsth Dukotd, season-specific precipitation  joined long term
fesree-dius on Axis 82 and season-specific temperature varisbles joined
lang use on Axi3 &3, This analysis largely confirmed and claririad the
Mmtterns in the sensitivity analysis.
1.8 VONCLUSIONS REIATIVE 70 STRATA CROUPING. FOR SIONATURE EXTENSION
Using the results of the spectral Sensitivity antiys:s a8 an aid,
we Offer the followling interpretation of resuits cained in the strata
grouping analysis:

(1) The spectral surface appears to be resatisely soooth, gradvaily
Chamring over space.,  The spectral overlap encounterad within and
bDetween climitic strata support this netion,

(M) Furthermore, the results of the sensitivity acalysis ndicate
that tMIS surface 1n Ntrongiy rled o Jegree-Jday and precipitat o
crop development variadies, he spectral nflyences of long tern

-
growing seasen Jegree-Jdays and at fimes JoNng ferm growing doason
DrecIpiration were Sournd 2 be partioularly sionicicant,  Mhesse,

S U Se, wele 2080 the w0 vartadley vned to el ine the ol iratis

(3 Phe sensitivity gnalysis 2050 Suggesis that excertions to )
mty e Jargely Jdue to pasy-specific precipitation Jo0ferences,

thetlr Interaction with sorl type refllectances, and soan anele

fifferences ) land o use may iS00 Mave anr o Dnpnot oI o witnations
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where it !5 strongly correlated with scil tupe or with particular
agriculturs’ practx:es affecting plant canopy reflectance (e2.g.
Jrrigaci~n, field size and shape).

IMPLICATICONS OF RESULTS RELATIVE T0 THE GENERAL PROBLEM OF SIGNATURE
EXTENSION

(1) Multisegment clustering and classification should ke possible
using c z.a:‘c strata, or more generally,distance on a climate-re-
lated sgectril surface, as a guide to segment grouping. In other
words, it should be possible to use spectral training data (cover
type-speciric Landsat band means, variances, and covariances) ob-

tained from a specially selected sampie of LACI segments to

lassify with acceptable accuracy the entire set of LACIE segments
falling within climatic partitions (e.g. see discussion by Kauth
€t al. 1977)., A cost savings over training and classifying each
segment separately should result.

(2) To achieve successful multisegment classification described
in (1) will, in all probability, require sun angle and haze cor-
recction to 4 common standard (e.g. XSTAR as used in this study).

(3) Extension of training segment signatures beyond adjacent
climatic strata will require some form of signature transformation.

(4) While pass-specific precipitatior, soil reflectance and scan
angle may generate spectral outliers, these should not in general
pose significant probiems to multisegment clustering within cli-
matic strata. This iIs not to say, however, that recognition seg-
ments (segrments into which signature is extended from others) hav-
ing ro adeguate spectral analogues will not occur. Undoubtedly
they wili. BZut within many biostages or combinations of biostages,

multisegment classification as described in (1} should be possible with

at least some rortion of the population of sample segments at hand.
Further technical! developments in scan angle correction and flag-
ging of sci! tupe conditions, etc., in which outliers will occur

hould serve to maximize successful use of the multisegment
approach to sicnature extension within climatic strata.
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2.0 TASK II: THE DEVELOPMENT OF MULTITEMPORAL INTERPRETATION PROCEDURES

2.1.0 INTRODUCTIGN

Before oroceed ng with documentation of an31151s procedures and data
products developed within this task for LACIE, it is fitting to review the
status of current interpretation procedures and data presentatzon formats
being utilize” by the analysts. Specifically, it iIs appropriate to exam-
ine 1) the characteristics of Landsat multispectral- temporal data, and 2) the
analysis procedures being applied to these data.

2.1.1 Perspective on Landsat Data

The Landsat spectral-temporal data is significantly different from
traditional, conventional photographic data that analysts have worked
with in the past. Landsat data differs sicnificantly from conventional
photographic data in scale, resolution, and areal coverage withia a
single frame. Even more significant differences are band width of the
sensors, number of sensors, the repetitiveness of the BCQUJSICJODS, and
the digital format of the data.

The differences between Landsat data and conventional photographic
imagery are often not made sufficiently ciear when instructing analysts.
Interpretation procedures for Iandsat data, are often presented from the
same perspective, and expressed in the same terminnlogy (concepts) as
used In conventional photointerpretation. while the concepts of tradi-
tional image Intorpretation still have relevance to the interpretation
of any image formated data, these principles and concepts need to be
modified and restated within the context of the lLancsat situation.
Furthermore, Landsat provides additicnal Information to the analyst that
photographic data does not. This additional information comes from the
digital spectral~temporal response data of the relatively narrow band’
(compared to photographic data) multispectral sensors. Therefore, the
analyst must no longer be considered merely an irage analyst, but one capable
of efficiently integrating information from botk digital and image formats.
Numeric digital data and image formated data contribute significantly
different information to the analyst. The develcpment of new interpreta-
tion procedures for use of landsat data, then, must take into account the
full potentials of Landsat data and not concentrate solely or primarily
on interpretation of Iimage formated data.

2.1.2 The Analysis Process

It is also important to understand the components of the analysis
(interpretation) process itself (called labeliing in LACIE). In simple
terms, the interpretation process ccnsists c¢f thre-= main components:
i) feature detection, 2) feature identifiIcation, and 3) feature condition
assessment. while all three processes mav occur siwmultaneously and iteratively,
they can be treated separat=ly for the purscse of simplicity and underscanding.
Feature detection can be defined as the accicon of iiscrminating a unlque feature
hasad nn soectral, spacial, end temporal chara2c.=vistics vbservable within
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Landsat multitemporal-spectral data. Feature identification can be defined
as the action of assigning a name (e.g. wheat, non-wheat) to the detected
feature. Feature condition assessment can be defined as the action of
ascribing some quality of state (e.g. late developing, poor stand, harvested)
to the feature. Correct feature identification can not properly proceed
unless feature detection has first occurred. Feature detection, however,

does not insure feature identification. Errors in labeling can thus occur
due to (1) fallure to detect a feature of interest, . and (2) failure to ‘
correctly identify a detected feature.

Feature Detection

within LACIE, the features that an analyst wishes to detect are
cropped fields. The characteristics which alert an analyst to the
presence of a cropped field are: 1) the existence of an area enc%osgd
within a man-made (or man-modified) boundary (a spacial characteristice.g.,
the enclosing boundary is often rectilinear in naturg, or can fo%low
topographic elevational contours or other topographic tea?urg dire -~
tional trends; 2) the development of a vegetation canopy wzthzq t@e
grewing season for a given region (temporal-speccralcharac?etzstlc):
and, '3) the quality of presence or condition of the vegetétzon canopy-
within specific time periods related to given crop type b1ost§ge§
(spectral-temporal characteristic). Of these three charac§erlst4cs, the.
second is the most important to the analyst for the detection and
identification of wheat or eny other crop. Determination of.the other
two characteristics is necessary when significant overlap gxlgts between
wheat and confusion conditions, or when acquisitions are missing or of.

poor quality, Obviously, the probability of correctly identifying a
crop within a given field will be low if its vegetation canopy cannot
be detected during a critical vegetation biophase. If the standard .
CIP image product (Product 1) fails to represent a vegetation canopy
in a noramlly expected manner, mislabeling may occur as the result
of analyst's failure to detect the presence of vegetation within a
critical bicphase. Product 1 tends to inadequately represent low den-
sity vegetation canopies. Many, though not all, of these low canopy
situations are detectable upon examination of the actual Landsat
digital data or transformations of tke Landsat digital data (vegeta-
tion indicators such as MSS7/MSS5 ratio or Tassel Cap green numhers).
Thus auxiliary products (analyst aids) which present Landsat digital'
or transformed digital data directly to the aralyst, could aid in
Increasing labeling accuraclies where errors could occur due to non-
cdetection of low density canopies on spectrally distorted image
products.

Digital spectrai data gives the analyst a quantitative measure
of canopy development or condition. The image products do not allow
for easy quantified comparative neasurement. The ability to make
quantified comparative measurements of canopy development may be useful
in discriminating wheat from close confusion crops. Thus digital '
spectral data products are meant to provide the analyst with a more
precise measure of condition, and allow him tc calibrate the image
rroducts with which he Is working. Lest the forgoing discussion
place In doubt the utility of image products, let it be clearly recogniz-
ed that image products are vital for extracticonof spacial and spectral

-

textural information necessary for feature identification.
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while standard image and auxiliary aid products aliow an analyst
to detect a feature, ancillary data and a priori Anowlodye from cutside
a specilic set of Landsat data are necessary for the analyst to identify
and Jabel a detected feature. To identify a feature an analyst develops
correlations between given spectral-temporal response patterns, the
ancillary data concerning local and/or regional ground conditions and
a priori knowledge. _ '

By analyzing these data the analyst then determines the probable
identity of a given point. An analyst's ability to perform this analysis
is dependent upon his past experience, his familiarity with the given
environment, the qualicy of Instruction received, the quality of the
guidelines available tu him which relute spectral responses to ground
conditions, and the development of his analytical thought processes.

At present, analysts have very little information about the cor-
relation between Landsat spectral response and ground conditions, because
Landsat data has not been available for a period sufficient to develop
these relationships. The analyst, therefore, must Jdevelop these corrce-
lations (or more appropriately inferences to possible correlations) for
himself from the ancillary data and spectral data given to him. Until
the necessary correlations can be definitively determined for presenta-
tion to the analyst, the identification process will continue to be heavily
dependent on the skills and experience of the individual analyst.

Ancillary data currently considered most necessary to the analyst
are listed In Table 2.'. These data should consist of mean values and
descriptions of average, normal conditions, as well as year-to-year
and spacial variability. Much ancillary data is deficient in variablility
Information.

&.2.0 OVERALL TASK OBJECTIVE

The overall qoal of this task was to develop analysis procedures and
data products that would allow the analyst to take maximum advantage of
the information contained within Landsat data. In spite of current limi-
ted spectral response to ground condition ceorrelations, it was felt that
procedures based on current general guidelines could be developed now
and later refined as the results from data correlation studies become
available. Specifically, the Task II objective was to develop interpre-
taction methods and guidelines for utilizing multispertral landsat data
which were improvements to the current LACIE methods. This involved
1) the development and testing of decision criteria for the {dentification
and estimaticn of small grains and wheat from Landsat data, and 2) the
deveiopment and testing of multitemporal data presentation fornats. To .
efficiently pursue the objective.Task [T was approached through three
subtasks. These subtasks were 1) Subtask A = FAMILIARIZATION WITH
JSC/LACIE PHOCTOINTERFRETATION PROCEDURES, 2} Subtask B - DEVELOPMENT
CF MULTITEMPORAL INTERPRETATION PROCENRES whereby individual temporal
images and spectral data are analyzed by means of a decisien logic for
the :dencification of smiil vrains and wheat, and 3) Subtask & - EXPIORA-
JON AND EVALUATION OF METHODS FOR REDUCING THE DEMENSIONARLITY OF MULTI-
TEMPORAL DATA to a sincle fmage oF multitemporally combined Jata and/or

a aumeric representation of the spectral data.
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TABLE 2.1: ANCILLARY DATA MOST NECESSARY FOR FEATURE

IDENTIFICATION

. DATA FOR ALL MAJOR CROPS WITHIN A REGION

. CROP CALENDARS
. CROP HISTORICAL PROPORTICNS

. CROPPING PRACTICES

. METEOROLOGICAL DATA AFFECTING CROP DEVELOPMENT AND/OR SFECTRAL
RESPONSE -OF CROP

. RECENT PRECIPITATICN

. POTENTIAL YIELD (Integrator of all climatic, adaphic,
and pathogenic parameters)

. EPISODAL EVENTS DATA

+ SPECTRAL RESPONSE CORRELATED TO CROP DEVELOPMENT STAGES

>~
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2.3.0 SUBTASK A: FAMILIARIZATION WITH JSC/LACIE PHOTOINTERPRETATION
PROCEDURES

2.3.1 OBJECTIVE

The specific objective of this subtask was for UCB personnel to become
familiar with LACIE interpretation procedures and tc remain current on
all implemented, and proposed interpretation procedural modifications.
This subtask was vital to efficient and effective performance upon the
other subtasks within Task II.

2.3.2 SUMMARY AND DISCUSSION

An initial tutorial session and over-the-shoulder interpretation
session on the "old” Fields Procedure was presented to UCY personnel
by CAMS Operational personnel in August 1976. Sessions with CAMS
personnel in March 1977 and July 1977 provided updates on the Small
Fields Procedure and Procedure 1. These updates coincided with UCB's
participation in the development of LIST and an evaluation of the
"South Dakota Overestimation Problem”.

2.3.2.1 Participation in LIST

LIST (Label Identification from Statistical Tabulation) was a pro-
cedure conceived within NASA/JSC, and—booperativefy developed by person-
nel from Lockheed Electronics, ERIM and UCB. LIST is "basically
a statistical approch for estimating dot labels from analyst responses
to a list of questions, and from assoclated ancillery data.” The mo-
tivation behind LIST was to develop a dot labeling procedure that would
standardize the labeling process, and, hopefully, decrease variability,
and increasse accuracy of dot labels for wheat. UCB's participation in
LIST was mainly confined to aiding in the development of the list of
questions to be answered by the analysts from Landsat and ancillary
data. i

The basic LIST questions paralleled the analysis approach used by.
analysts, and were structured as follows:
A. Total Segment and/or Partition level Questions
1. Data Input questions
2. Data output from evaluation analysis questions

B. Dot Specific Questions
l,. Data input questions
2. Data output from evaluation analysis questions

T?tal segment and/or partition level questions were relevant to the
analysis of all the dots within a segment. Thus, data had to be extracted
an? evaluated only once, though it applied to every dot specific analysis.

Do: specific questions, however, had to be answered each time the aralyst

moved to a new dot (in Procedure 1 system). The answers to these questions

varied, and were totally dependent on the specific situation of each inde-
pendent dot., N

NASA, March 7, 197? Plan for Defining Dot Labeling Procedures for
Procedure 1 ~ the LIST Method.
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Data ;nput questions were informatlon gathering questions, and no
evaluation analysis was required. Information was extracted and re-
corded as a reported fact from ancillary data. Data output from
evaluation analysis questions required that ‘the analyst evaluyate the
Input data and make some judgment before the question could be answered.
An outline of the logic structure for these gquestions is shown in Table
2.2. The initial set of questions have since been modificed and stream-
lined by NASA/JSC and LEC personnel and some initial testing has occurred.
vcB, however, has not been involved in these later developnents.

Relevar.t to the goals of subtask A, however, participation in the
development of LIST provided UCB with an excellent opportunity to
establish contacts with LACIE operational analysts, and to de&elop a
better appreciation of the analysts' interpretation problems. There
was also the opportunity to become familiar with the new analyst aids -
namely the Tasseled Cap greeness~brightness trajectory plots and the
spectral scattergram plots.

In regatd to the trajectory plots of greeness vs. brightness,
it was felt that these plots would be more meaningful to the analyst
iIf the temporal co-ordinate was more directly incorporated intc the
plots. That is, greeness and brightness could be plotted indivi-
dually against a temporal axis, and a ratio of brightness to greeness
could be plotted against time thus incorporating all three paramaters
(greeness, brightness, and time) within one plot., In that the temporal
characteristic of plant development are the most significant for crop
identification, any subset of spectral aids must strive to represent
Landsat vegetation development indicators vs. time in a clear and
straightforward manner.

2.3.2.2 PFC Product Evaluation

During this lasc year's effort, UCR was also involved in a spec1a1
PFC Alternative Product evaluation. Participation in that effort allowed
UCB the opportunity to evaluate and work with the new "Kraus" Product
which is now being made available in JSC analyst packets. Results of
the UCB study on PFC projects were reported upon in Hay, etc., 1977a.
Relative to the objective of this subtask, the PFC study helped dev:2lop
increased awareness for the role that image mapping functions can play
in the presentation of image data to an analyset.

2.3.2.3 "South Dakota Overecsimation Problem"”

Another tazk that UCB was reguested to participate in this last
year was an evaluation of the "Scuth Dakota winter wheat measure-
ment problem.” While the conclusions drawn by UCB conzerning the
"problem” were In the main supportive of the gencral ccnclusions
drawn by an in-house JSC team, this task provided an opportunity for
UCB to get an updated briefing on Procedure 1 as implemented. The
results of the "South Dakota” study, as reprinted from an earlier
report, are given in Appendix C.
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Table 2.2 LOGIC STRUCTURE OF ORIGINAL LIST QUESTIONS

A, Total Segment and/or Partition Level Questions
l. Data Input questions

a. cation of segment
b. Agro-Met data

1) Climatic
2) Cropping Practice

2. Data output from evaluation analysis
a. Evaluate relevance of input data to actual segment
from full frame Landsat analysis
B, Dot Specific Questions
l. Dbata input questions
a. Pixel quality questions (misregistered, etc.)
b. Spectral data for pixel (e.g. color on image, green
nunber, etc.)
2. Data output from evaluation analysis

a. EVaIuaCe {nput data and determine if pixel follows
expectations for small grains and/or wheat
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2.4.06 SUBTASK B: DEVELOPMENT OF MULTITEMPCORAL INTERPRETATION PROCELURES

2.4.1 OBJEZCTIVE

The objective of this subtask was to develop and explore new and
improved multitemporal interpretation procedures that would increase
AI labeling accuracy or efficiency relative to current LICIE interpre-
tation procedures, Specifically, procedures that integrate the inter-
pretation of standard multitemporal Landsat image~formatted data and pre-
processed spectral, numeric~ or graphically-formatted data were explored.
An emphasis was placed on the development of procedures that could be
standardized as much as possible within the operation, production orien-
ted context of LACIE. This was desirable in that the effects of
analyst performance variability could be minimized in the measure-
"ment porcedures for acreage estimation.

2.4.2 ZAPPROACH

Procedure modifications explored within this contract period
made use of Landsat vegetation indicators such as 2x MSS 7/MSS 5 ratio,
and Tasselled Cap green and brightness numbers. It was felt that direct
manuual analysis of the temporal pattern of the 2x MSS 7/MSS 5 ratio,
green numbers, and brightness numbers for fields, coupled with analysis
guidelines corcerning vegetation detection using these measure could
possibly be utilized to enhance small grains and/or wheat detection
and/or identification. After reviewing the current state of knowledge
concerning these vegetation indicators, procedures and guidelines were
developed for effective utilization of these indeces in the interpretation
of Landsat data.

Another aspect of labelling and acreage estimation explored in
this subtask was that of stratification aad sampling within the seg-
ment. The development of procedures for better data interpretation and
more efficient sampling were pursued in recognition of, and agreement’
with, the philosophy behind the developing Procedure 1.
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2.4.2.1 Develorment of the Delta Function Stratifization (DFS) Procedure

Unlabelled Cluster Display Procedure - Unitemporai Mode

After reviewing the JSC Fields Procedure at the outset of this
task, it was apparent that analyst definition of ssectral subclasses
based on interpretation of PFC imagery alone was :refficient and in-
accurate. It was felt that clustering information should be made
available to the analyst to aid him in training statistics defi-
nition.

¥ost of the Initial displays of unlabelled cluster data employ
a random assignment of colors to the various clusters. This random
color assignment does not facilitate rapid interpetation, and corre-
lation of the cluster data with raw Landsat imagerv. A desireable
color display scheme would allow for the wvisual grouging of related
clusters so that landscape features are clearly identifiable, and
comparison of ciuster maps with Landsat raw data Imagery (or ground
data) is facilitated. This can be accomplished by assigning analogous
(adjacent) colors to similar clusters that belong to the same general
class but represent different spectral subclasses within that class.
The display of related clusters in analogous colors wili allow visual
grouping of rela*ed clusters and preservation of landscape features.
The AI can more readily see relationships witain the data, and thus
deliver a better final analysis of that data.

An easy and relatively reliable method for ordering and asso-
ciating unlabelled clusters was needed. In previous experience with
the 2x MSS 7/MSS 5 ratio, relatively good temporal correlation with
vegetation development - (canopy development) was observed. Therefore,
it was decided to use the 2x MSS 7/MSS 5 ratio as an indexing number
for ordering and associating unlabelled clusters. The procedure is
as follows:

1) The data is clustered using the following procedure:

a) Five 20 point by 20 line seed areas distributed through-
out the segment* are clustered** for 10 iterations using
a STDMAX = 4.0, MAXCLS = 50, and NMIN = 32.

b) Punched output statistics from the seed run are Input
into a second clustoirng run on the full segment for
an additional 10 iterations at a STDMAX = 4.0, HAXCLS
= 60, and NMIN = 30. This equates to a total of 20

iterations for the segment.

¢) Punched output statistics and a dispiay map on tape
are acquired from the second clustering run.

*The upper left corner of the five 20 point by 20 line seed areas are:
a) 1,1; r) 1,97; <) @&,48; d) 176,1; e) 176,97.

**Clustering algorithm ISOCLAS - UCB's adaptation of JSC ISOCLS.
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2) The stat deck from the second clustering run is input. to a
program called CLODER. CLODER computes the 2x MSS 7/MSS 5
means ratio for each cluster. .

3) Clusters are ordered, from highest to lowest, by *he
2x MSS 7/MSS 5 ratio of the cluster means.

'4) The ordered clusters are assiqned colors From a spectrally
ordered sequence of colors beginning with the warme:t colors
(red-violet) and proceeding to the coolest colors (~lue-
violet). Figure 2.1 is an example of a unitemporal unlabelled
ordered cluster map.

Extention of Unlabelled Cluster Display Procedure to Myltitemporal Datg

The next step in the development of DFS was the extersion of
the unitemporal Unlabelleld Cluster Display Procedure to the multi-
temporal situation. The two major problems associated with thic
next step were 1) the proper ordering and associating c¢i :tls clusters
from multitemporal space, and 2) finding enough adequately dis—
tinguishable, spectrally ordered sequential colors to assign to the
large number of clusters developed in multitemporal space, viz., ap-
proaching 60 clusters versus less tkan 25 clusters in unitemporal space.

Since small grains and wheat were of prime interest to LACIE,
the problem was approached with the objective of trying to accentuate
those clusters that were prime candidates for hbeing small grains or

whont

From experience with the display procedure In the unitemporal
mode, and after reference to results of work reported on by Wiegand
(Wiegand, et al., 1977), a "soil line” decision bouvndary was defined
at & 2x MSS 7/MS5 5 means ratio of 1.10.* That is, one could consider
that for a given acquisition date, a cluster with a 2x MSS 7/MS5 5
means ratio greater than 1.10 represented a spectral subclass of yreen
vegetation. :

The term "soil line” actually refers to the upper limit of a
bare soil and/or dry vegetation distribution. The lcwer limil for
green vegetation may be slightly lower than 1.10. leowering the
"soil line" ratio value, however, would allow much rmore bare soil
and dry vegetation to be committed with green vegetation than the
amount of green vegetation ommitted at the ].10 ratio value.

*pata not corrected for sun angle or haze.



~

!A

S
ALITY

-

2l e
A -

=~

ORICINAL P
OF. POOR Q

(*aboed pujloej uo suoyided 935)

(q 1°¢ o1nbry

sefubolis
DOOREDNDRDRDONEnED D

?\. AHY 6 ._...wxmcz

b .,.: 3"

il

(e 1z 2anbrd

—————ay

ozE&E xauzi... TAUHSG 113NSUHGS0T R

oy ~§li’.]<‘!.nﬂ'i Ty
._ ¢ | .M h- y (%5 —

' o $ j~e3

" 3

i

St o Sl il e

ISR b

.

i

1

|

{

i

1

{

| i

" Tt
“f..i,

- ot s P
el L ED

S —

Jl_w:m. 3 >
FLrEm ! ﬁw;ezz,ix;




24 yoerq vleg peq (14
T 397014 ONIq €5 61
81 onrq x4aep $“8° 8l
97 on[rq wnjpou 88"* VA
..Q..uw 124 usaib anyq yiep 69" 97
W I uoa1b anyq IYLIT 06° SI
Mm M 21 usoxb yiep 76" 124
a.
o M. L usaJlb wnipow Z6° er
MNA. mw 6 uso1b morroh pau G6° zr
mw 0z uoa1b moTTOR IYBTT s6° I
CQ 4 123sn[> 1070D OT3PH GSSW ¥ yuey
/L(SSN XZ

*MOTOQq 9rqel 985 *a4npad

-oad fburaopiav hq 61y poyued s (xoq 3sarj) [§ 493&eny[D ~Jusu
~ubrssEP JOJOD 183SN[D OJEDIPUT SIOXOq O[O ‘[FOS aleq die
Ja1014A On[q pue ‘anyrq ‘osyonbiny pue ‘Jreos adeyq Jo dianysed
Sy u’o19 ‘ueqin pue Jqeoym ‘oiniysed ST pyoy *3Iroym h)rrvwriad
aie sony morioh pwe ‘aburlo ‘8buplo-pal ‘poy " Ie3YM SWOS

pue s399q Jebns ‘ejrejre Arisow oie sany 3IB8[0JA-poy “Sprorj)
paddoi1o swes 8y3j uryllm S1935N[O poIP[ad 03 SIUSWULISSE JOJOD
snoboreue pure ‘soinjeaj odedspuel JO uorjealasaid ayl aJoN
*3X23 Uy paqriaosap aanpaooid Aeldsyp 12isn[d parreqerun

wolxj poonpoid dew 123sn[o paloplo parioqerun (q [°¢ @anbry

£ prob morrah yaep SI°r1 0l
Ir Mol 13h 60T 6
v obuerto moy10h 19°1 g
9 obueio pou 502 L
8 abuepilc pol yiep pee 9
€T 1moxq pax yiep 9tz S
61 pox 0z ¢ [ 4
or joTOorA pOoI yrep LT ¢ £
(T | 331014 pPOI pau [ 4 I4
b4 397074 po1 ULTY SLTp I
4§ 3o3snrD 070D - OI3°PH GSSW  # quEy
/LSSN XZ

*5492, aebns pue pjrejre buloq sprorj pox ybriq
SWoSs YIIM ‘Ipaym o1p sSpratrj pal [[np pue yubriq

ISOK ‘sesuey ‘AJuUno) [rexsey 9ol 1uowbas 10y
pL61 hew 6 203 obeuyr jespup] mey (e ]°z oinbry




ORIGINAL PAGE (3
OF POOR QUALITY

Figure 2.2 represents the temporal plot of the 2x MSS 7/MSS 5
ratio for winter wheat in Kansas in 1974. Similar plots can be
generated for a.. major crops within an area. Information on temporal
ratio plots for all major crops in an area allows an analyst to de-
fine a simple temporal function for each crop type. The temporal ratio
function can be defined by the difference between the ratio value and
the soil line value of 1.10 for each biostage represented.

The following cluster ordering procedure was used for multi-
temporal data. Clustering was carried out as descrived above for
unitemporal data except thac in the multitemporal case, four times
the number of acguisitions, channels of data were clustered.

1) The analyst defines the 2x MSS 7/MSS 5 ratio function
for the given set of acquisitions for a segment to be
processed. He then selects a cluster ordering reference
acquisition date. This acquisition 1s the one on which
the anaiyst determines that wheat is probably most dis-
criminable from (unitemporally) all other conditions/
crop tupes present in the segment.

2) The clusters are ordered according to the 2x MSS 7/4SS 5
ratio of the cluster means on the reference date, pro-
ceeding from the highest ratio to the lowest.

3) After the multitemporal clusters have been ordered by the
2x MSS 7/MSS 5 ratios on the reference date, the ratio of
2x MSS 7/MSS 5 means for all other acquisitions processed
are recorded in proper temporal order along side the
reference date ratio for each cluster.

¢) The difference (or delta) between the ratios for each pair
of adjacent acquisitions is noted, and the position of the
ratio, above or below the soil line (1.10), i1s noted.

5) Refer:ing to the temporal MSS 7/MSS 5 ratio function s for
small grains/wheat and other major crop types within a
region, the analyst assigns each cluster to a stratum based
on the probability that the cluster is a small grains cluster.
Three main strata can consistently be broken out. (An option
is available to the analyst to define two substrata for each
stratun 1f he so desires; however, the strata are bounded by
the main strata definitions.) The three main strata based
on their temporal 2x MLS 7/MSS 5 ratio delta function relative
to the defined soil line are:

a) Hich probability small grains stratum: probability > 50%
that the cluster 1Is small grains

b) Nedium probability small grains stratum: > 25% to < 50%
probability that the cluster is small grains. This stratum
seems to contain primarily pasture, alfalfa, and range
clusters Iin winter wheat areas.

2-13
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c) Low probability small grains stratum: < 25%
probability that a cluster is small grains.
This stratum usually contains summer crops
such as corn or sorghum or fallow conditiuns.
Table 2.3 is an example of cluster assignment
to small grains probability strata using the
above described procedure.

Once the clusters are assigned to strata, the analyst then
defines the display function for the clusters. The function
is Jdefined so that clusters within the same stiratum or
substratum will visually group together when displayed.

This is necessary so that the analyst can efficiently

analyze the spacial distribution of related clusters.

Visuel grouping can be accomplished in twd vays: (1)

by assigning the same color code to all ..usters in the

same substratum (this does not optimally allow for analysis
of individual clusters); or (2) by assigning analagous
(adjacent) colors (e.g. red and orange, yellow and yellow
green, blue green and blue) tc adjacent clusters

within a substratum as ordered by their 2x MSS 7/MSS 5

ratios on the reference date. If there is a limitation in

the number of unique, and visually separable available colors,
multiple images can be used. In this case, individual ordered
clusters within a given substratum are displayed in adjacent
spectrally ordered colors. Clusters within the remaining
substrata are grouped by substrata and displayed in a single,comion
color specific to each of the remainiiy substrata.

While DFS was developed initially. as a display procedure for un-
labelled multitemporal cluster maps, it soon became apparent that the
procedure produced a stratification that offered some potential improve-
ment over Procedure 1. Initially during this last year, the Delta Function
Stratification Procedure has been developed using a full season's set of
acquisitions (i.e. at harvest procedure). However, after being developed
and tested for an at-harvest mode, continuing development of the proce-
dure will concentrate on mid and early season estimation capabilities.

LN}
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2.4.2.2 Evaluation of the DFS Procedure

The Delta Functicn Stratification procedure was evaluated in terms
of processing efficiency, ease of use, and segment proportion estimate
accuracy. An experimental design was developed for the last of these
three criteria. In this design, thirteen separate procedures for es-
timating segment wheat proportion in Kansas or small grains proportion in N. Dakota
were compared. These procedures (.. levels of factor P, for "procedure”)
were of three basic types: (1) a control treatment in which segments were
processed according to the JSC/LACIE Fields Procedure; (2) a bias-
corrected Fields Procedure; and (3) a bias-corrected DFS Procedure.

The rationale for the use of these three treatment types devr.loped
as follows. At the beginning of the contract period, the Fields Pro-
cedure was selected as the most logical basis for treatment comparisons
since it had been and continued to be the JSZ/LACIE standard. Much later
in the contract year, however, JSC implemented the new Procedure 1 (P-1)
wheat proportion estimation procedure. Within the time requirements
of the contract period it wis not possible to redo the controli treat-
ment using P-1. Thus UCB elected to compare DFS with a "simulated” P-1
treatment as well as with the older Fields Procedure. The simulated
P-1 was developed by bias-correcting the Fields FProcedure class map
using bias-correction dots (a subset of the 209 grid intersections formed
by placing a 10x10 grid over a sample segment) specified by P-1. The
stratification resulting from DFS was also bias-corrected with the same
dots.

The major differences between the simulated P-1 and P-1 as im-
plemented at JSC were (1) the UCB classmap for the Fields Procedure wés
unitemporal as opposed to multitemporal as in P-1; and (2) the classifier
was trained with analyst defined fields (as per Fi»lds Procedure spec-
ification) as opposed to labelled clusters as in P-1. Table 2.4 summarizes
steps involved in the Fields Procedure as it was implemented at JSC and
simulated at UCB.

In order to evaluate the impact of analyst (AI) labelling error on
the final segment wheat or small grains proportion estimates, the bias-
corrected Fields Proccedure and the bias-corrected DFS Procedure were
each subdivided into ground and analyst dot labelling treatments. The
effect of labelling dot sample size was examined by defining three
sample sizes (60, 99, 209) within each bias-correction/labelling pro-
cedure. Consequently, each bias-corrected procedure (simulated P-1 and
DFS) was represented by six treatment combinations.

Five segments were selected in Kansas and five in North Dakota on
which to perform the procedure evaluation. These segments represented
the range of agronomic and field pattern situations found in the wheat
producing environment in both states. Each segment was processed with
Fields and DFS Procedures and then subjected to dot labelling. Pixels
falling under the 209 10x10 grid intersections were labelled by the
same analysts assigned to each segment for the Fields Procedure pro-
cessing. Finally, blind site ground data maps for each segment were
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Table 2.4 Summary of the JSC/LACIE Fields Procedure and the Simulated

Fields Procedure Used by UCB

JSC/LACIE Fields Procedure

Cn the PFC transparencies and Landsat data:

1.
2.

Define spectral subclasses by analysis of the full segment.
Select training fields from within spectrally homogeneous
areas to represent all subclasses defined in Step l.

Identify all spectral subclasses as wheat or non-wheat using
multitemporal interpretation procedures.

Select five test fields which have not been selected as
training areas.

Digitize and verify training and test field cocrdinates using
a coordinatograph and the LARS terminal.

Submit segment for batch classification processing.

Evaluate the classification results using class map and
performance matrix for tr.ining and test areas.

If necessary, modify training and submit for reclassification.

UCB - Simulation of the JSC/LPCIE Field Procedure

On the PRC transparencies, define subcliasses according to
JSC procedures.

Select training fields according to JSC procedures.
Identify as wheat or non-wheat all subclasses using JSC
procedures.

Systematically select fifty test areas throughout the seg-
ment. (It Is UCB's view that the five test areas as re-
quired by JSC procedures are insufficient for an adequate
evaluation of the classification results.)

Extract training and test field coordinates using the UCB-
Remedys color monitor display system. A coordinatograph as
used at JSC is not available at UCB.

Submit the training deck to the supervised classifier
(CALSCAN) for processing.

Evaluate the classification results using the class map
and performance matrix for training and test areas.
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cut into small grains/wheat versus other stacks and then weighed to
produce the base line wheat proportion percentages. These percentages
were subtracted from the corresponding swall grains or wheat percentages
obtained in each of the thirteen estimation procedures. The resulting
difference (error) formed the response variable used in the analysis

of variance discussed in the next section. Figure 2.3 and Table 2.5
illustrate the resultant DFS stratifications for several of the test
segments in Kansas and No-t+h Dakota.

2.4.3 RESULTS AND DISCUSSION

In order to determine if there was a significant difference be-
tween wheat and/or small grain estimates produced from the !'‘' Fields
Procedure (P=13); (2) bias-corrected Fields Procedure (p=l-6,; and
(3) bias-corrected DFS (p=7-12), a one-way analysis of variance (ANOVA)
on the thirteen treatments means was performed. The results of the
one-way ANOVA analysis are shown in Tables 2.7, 2.9 and 2.11. They
show no significant difference among treatents for Kansas and North
Dakota treated together (a=.5%1) and no significant difference for
Kansas (a=.981) or North Dakota (a=.770) treated separately. It is
possible, however, to construct two-way analyses of variance tables
for the factors - 1) treatment (P) and 2) segment (SEG), using numbers
from SPSS* printouts of the separate one-way ANOVAsS. The accompanying
Tables 2.12, 2.13 and 2.14 are based on Tables 2.6 and 2.7, 2.8 and 2.9,
2.10 and 2.11, respectively. The treatment difference is significant at
.05 level for Kansas and North Dakota treated together, but not for
Kansas or North Dakota treated separately.

The general advantage of a two-way ANOVA table over a one-way
ANOVA analysis may be explained as follows. Consider the effect P
tested above, over all ten segments. In the one-way ANOVA the total sum
of squares is partitioned into 287 due to the P factor (that is,
between the means of the thirteen treatments) and 3263 due to error
(that is, error within the thirteen treatment groups). The total sum
of squares is 3550. By contrast in the two-way ANOVA, the 3263 sum
of squares ass ciated with the error in the one-way ANOVA is broken
into two parts - 2092 due to the segment (S5EG) factor and 1170 due
to error. Given that the significance of the effects of any factor is
tested with the ratio

sum of squares due to effect/degrees of freedom
F= v
sum of squares due to error/degrees of freedom

we can see that to evaluate the significarce of the P effects, it is
necessary to first remove the large effect due to segment.

Note that the two-way ANOVA tables cited above were actually
based on one case per cell, and could thus not be computed by SPSS.
The disadvantage of this design is that the interaction** effect cannot

*Statistical Package for the Social Sciences

**In a replicated two-way ANOVA, write the model as
c..o=m+ R, +C. 4+ .t .
Y15k S R O e T

The u i i i {
hen Ri' Cj' and Iii are the row, column and interaction effects, respectively.
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Table 2.5

KANSAS

a. Percentage of To

ORIGINAL PAGE 18
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tal Wheat in a Segment Falling in Each Stratum

Segment {# 1019 1020 1635 1041 1183
Stratum

Ha 72.6 43.9 51.3 68.2 51.9
Ab 13.7 30.3 2.6 2.3 7.4
Na 4.1 0.0 e 0.0 18.5
Mb 8.2 18.2 2.6 15.9 22.2
La 1.4 6.1 38.5% 13.62 0.0
Lb 0.0 1.5 5.1 0.0 0.0
#Much abandoned wheat

b. Wheat Proportion Within Each Stratum
Ha 81.5 96.7 64.5 69.8 70.0
RDb 33.3 100.0 - 6.3 25.9 100.0
Ha 18.8 0.0 ——— 0.0 3.4
Mb 30.0 14.3 1.9 13.5 24.0
La 1.3 6.9 22,17 5.6% 0.0
Lb 0.0 8.3 5.0 0.0 0.0
c. Percentage of Segment in Stratum

Ha 28.9 14.0 21.1 20.8 9.4
kb 14.6 10.3 4.7 2.6 1.9
Ma 8.1 1.6 2.8 .8 72.8
Mb 12.5 40.5 29.0 25.1 11.2
La 34.7 27.7 14.9 45.6 .6
b 1.2 6.0 27 .4 5.1 4.1



Table 2.5, continued

NORTH DAKOTA

d.

Percentage of Total Wheat & Small Grains Falling in Each Stratum

OF PooR Q

2 b
e

' F '34
UALiTy

SEC # 1618 1624 1633 1645 1662
Stratun W S, ¥ SG Woos6 6 Woose
Ha 52.9 70.5 77.1 68.2 86.5 66.7 84.8 90.3 48.6 60.0
4b mmee cmem cmee amee 10.2 33.3 0.0 0.0 9.7 0.0
Ma 3.4 6.8 9.4 13.6 3.4 0.0 4.8 3.2 15.3 13.3
MD 39.1 15.9 5.2 9.1 0.0 0.0 8.6 3.2 20.8 20.0
La 0.0 0.0 5.2 9.1 0.0 0.0 === -—— 1.4 0.0
Ldb 4.6 6.8 3.1 o.0 0.0 0.0 1.9 3.2 4.2 6.7
Wheat/Small Grain Proportion Within Each Stratum

Ha 55.4 92.8 64.9 78.0 76.8 78.8  65.4 86.0 60.3 75.9
Hb ———- eee- ———— e 19.6 21.7 0.0 0.0 77.8 77.8
Ma 14.3 28.6 36.0 48.0 10.0 10.0 25.0 30.0 31.4 37.1
Mp 70.8 85.4 21.7 30.4 0.0 0.0 45.0 50.0 22.4 26.9
La 0.0 0.0 50.0 70.0 0.0 0.0 ———— - 12.5 12.5
Ly 7.1 12.5 8.1 8.1 0.0 0.0 6.4 9.7 9.4 12.5
Percentage of Segﬁent in Stratum

Ha 40.4 52.9 40.8 65.7 31.7

Hb —-- — 20.8 .6 4.3

Ma 9.5 12.4 19.5 7.6 13.2

Mb 23.9 14.6 9.5 11.2 32.6

La 1.0 5.1 6.9 .7 2.1

Ly 25.1 15.0 2.5 14.2 16.1
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Table 2.6 Analysis of variance Kdnsas and North Dakota Together

Between SEG .

Within SEG

Total

D.F. . §.5. M.5.5. F a
9 2092.28 232.48 - 19.143 0
120 1457.29 - 12.14

129 2549.57

Table 2.7 Analysis of Variance Kansas and North Dakota Together

Between P
within P

Total

D.F. S§.S. M.S5.S. F Aa

12 287 .03 23.92 .58 ° .591
117 3262.54 27.88
129 3549.57

- - - - - - 2 = — .

Table 2.8 Analysis of Yariance K ansas Segments Alcne

Between SEG

within SEG

Total

D.F. S.S. M.5.5. F a
4 1144.52 -286.13 40.47 .00
60 424.52 7.07
€4 1568.72
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Table 2.9 Analysis of Variance Xanzas Secgments Alcne

D.FP. S.S. ¥.5.5. F
Between P 12 in9.61 9.13 .326
Within P 52 1459.11 28.06
Total 64 - 1568.72

- —— o - o -

Table 2.10 Analysis of Variance North Dakota Segments Alone

D.F. 5.5. H.5.5.  F
Between SEG P 779.94 194.99 11.32
within SEG 60 1033.09 17.22

Total © 64 18:3.04

-y e s @ W o it T s > B

Table 2.11 Analysis of Variance Nc -tr Dakota Segments Alone

D.F. S.S. M.5.5. F
Between 7 } 12 243.22 20.27 671

Within P 52 1569.82 30.19

Total 64 1813.04

.981

.00

.770
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Table 2.12 ANOVA Table for ten (Kansas and North Dakota together) segments
and 13 treatments

D.F. s.s.- M.S.S F
P _ 12 287.03  -23.32 2.21
SEG 9 2092.28  232.48

ERROR 108 1170.26  10.84

T07AL 129 3549.57

If all treatment means are the same, then

SSp MSSp.12 MSSR 23.92
F= 9, — = 9, o = = 2,21 has the F distri-
SSg NSSp$.12  Mssp 12.84

bution with 12 and 108 d.f.

F(.05; 12,108) = 1.85 and F(.01; 12,108) = 2.36. Thus a=.0l
and the difference between treatments Is definitely significant at the
.05 level.

Table 2.13 ANOVA Table for five Kansas segments alone and 13 trestments

D.F. s.s. M.S.S. F
P 12 109.61 9.13 1.43
SEG 4 C1144.52 286.13

ERRCR , 38 314.59 6.55

TOTAL | 64 1568.72

Ho: all treatment means same
MSSp 9.15

MSS. 6.55
F(.05; 12,85) = 1.90

= 1.33

F=

F(.01; 12,65) = 2.37

Thus treatment means not significantly differert.

]
9]
wn
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Table 2.14 ANOVA Table for five North Dakota segments alone and 13

treatments
~.
D.F. s.s. x.S.S. F
P ' j 12 243.22 20.27 1.23
SEG - : 4 799.94 194.99
ERRCR _ 48 789.88 16.46
TOTAL 6¢ 1813.04 |

Ho: all treatment means same
MSSp  20.27

=

MSSg 16.47

F=

= 1,23

F(.05; 12,65) = 1.90

F(.01, 12,65) = 2.47

Thus treatment means no* significantly different.
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be estimated. By comparing these tables with others in which the
interaction is estimated, the Iinteraction was judged highlu sig-
nificant. The tests of significance of the main effects of a two-way
table (in this case, the thirteen treatments (P) as one effect, the
segments (SEG) as the other) ar> less valid when the irntoraction is
significant than it would be if the interaction were rot significant.

In each of the remaining two-way tables discussed, there are
several cases per cell, and thus a third effect, the interaction
effect, is estimated from the variability within the cells. Then
eiach of the three effects (two rain effects and the interaction
effect) are tested against the error term as described above. The
interaction effect is tested first. If it Is not significant then
the significance tests on the main effects are valid. If the inter-
action is significant, the results are of doubtful validity, but
may serve as a useful guide to formulate new hypotheses to be tested.

] We saw in the preceding section that a two-way table of P and
SEG (10 segments) showed a significance level of approximately .0l
for P but that was of doubtful validity due to the probability of

a significant interaction. However, as was noted above in the pre-
ceding paragraph, the results can be used as a guide to formulating
further hypotheses. The first twelve treatments of the total thir-
teen levels of P form the two-way Table 2.15. We may now hypothe-
size that the factors 1) dot sample SIZE or 2) PS, or both are sig-
nificant. The alpha levels of one-ways on each of these factors and
alpha levels orf -their corresponding effects. in a two-way ANOVA. are.
given in Tables 2.16 and 2.17. ‘ ' o

We can sec from the first row of Table 2.16 that a one-way on PS
for all ten segments is significant at the .05 level (3)0 cases per cell).
However, PS Is not significant for either state alone due to the small
sample size (15 cases per cell).

A one-way ANOVA on dot sample 5IZE showed size not to re significant.
Table 2.17) for_bothbstates combined

x=.13). With the varieriiity due
ificance level of SIZT is much lower

The two-way of PS and SIZE
is marginally significant overa
to PS removed we see that the s
{.999).

(T
P
EA
an

:
3

In the above one-way ANOVAs and two-way ANCVAs we acain have the
problem that most of the variability is due to the segment effect. It
is still possible that In a two-way ANCVA with SEG, the Factor sanmple
SIZE may be significant, and that 3 much higher significince level with
PS may be found.
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Table 2.15 Treatment (Procedure) Group

Dot

Sample pS=] PS=2 pS=3 psS=4
Size (BCFP*/AI) _ (BCFP/GT) (DFS/AI) (DFS/GT)
1 (109) p=1 ¢ 7 10

2 (59) 2 5 -8 11

3 (60) 3 6 9 12

{p = 13 is the fields procedure)

*8CFP o« Bias Corrected Fields Procedure



Table 2.16

" PS

SIZE

Table 2.17

OVERALL
PS
SIZE

INTERACTION

Table 2.18

OVERALL
pPs
SEG

INTERACTION

K/ND
.048

.576

K/ND
.126
.057
.999

.999

K/ND

.001

.001

.001

.022
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.294

.919

.999
.360
.999

.939

.207

.352

ND

.301

.247

.999

.999

ND

.001

014

001



-ORIGINAL

PAGE
OF p Is
- POOR QuaLjry
Table 2.19
K/ND K ND

Combined ' CoL
OVERALL ,001 001 001
SIZE .136 .999 - .032
SEG .001 001 - .001
INTERACTION .003 . .999 .999

Table 2.20 Wheat (Kansas)/small grains (North Dakota) Proportion Estimates
Averaged by Stratification and Labelling Procedure

Bias Corrected

Fields . DSF
Procedure
Analyst
Labels -1.52 -2.68
Ground
Labels 0.64 0.25

Table 2.21 Significance Levels Resulting from a Two-Way Analysis of
Variance of the Stratification Labelling Factors

K/ND
. Combined . Kansas ) North Dakota

OVERALL .020 ‘ .159 , L1112
STRATIFI-
CATION .999 .999
FACTOR .
LABELLING '

. .077 .
FACTOR 008 .0 039
INTERACTION .999 .999 . .999

2-30

ey
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Tables 2.18 and 2.19 show the impact on significance levels for
PS5 and SIZE when the effect of SEG is removed. In both two-ways based
on the two states combined, the interaction was highly significant and
so the significance levels for the main effects are doubtful, although
the .136 for SIZE is probably indicative of lower significance for
sample SIZE than for PS (a=.001).

For Kansas alone there is no-significant interaction of SIZE with
SEG, and thus we can conclude emphatically that SIZE is not significant:
.999 for SIZE as a main effect while .00l overall.

For North Dakota alone there is no significant interaction of PS
with SEG and thus we can conclude that PS is highly significant (a=.014).

Since there is no evidence that SIZE is a significant factor, and
some indication that it is not, we may dismiss it as contributing signi-
ficantly to the variability among the thirteen levels of P. We have
already seen that PS is significant at the .05 level in a ore-way by
itself. Thus four groups of three levels each of the thirteen have
been shown to be significantly different.

The four PS group response (predicted minus actual) means are given
in Table 2.20.

We see-in Table 2.20 that the four PS lebels are expressed in
terms of two factors 1) segment stratification procedure and 2) labelling
procedure. It appears that the major difference is due to labelling
procedure. To test this observaiton the two-way analysis of variance
summarized in Table 2.21 was performed. The results of the analysis on
both states combined shows that the labelling treatments are in fact
significantly different at the one percent level. Both the stratifica-
tion factor and the factor interaction terms are nct significant. The
analyses for Kansas and North Dakota separately show a less szgnlfzcant
(due to the lower sample size), but -similar pattern:

The final conclusions from these analyses are that:

l. There is a significant difference between wheat proportion es-
timates produced from analyst labelled bias-correction dots vs.
ground data labelled bias~correction dots, but

2. there is no significant difference between wheat proportion . -

" estimates produced from bias-corrected fields procedure vs
bias-corrected DFS.

3. There is no significant difference detected In wheat proportion
estimates due to bias-correct'on dot sample size although a
trend did seem to indicate a decrease in wheat proportion error
with the larger sample sizes. Thus a bias-correction dot sample
size of 99 (first and second prlozty type two dots from pP-1) zs
recommended. )

4. Sampling error for the stratified bias-corrected procedures at
the 99 dot sample size have been calculated along with the
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sampling error for an unstratified dot sample of 209 points.
While a slight decrease in sampling error was observed for the
stratified samples over the unstratified sample, the differences
did not appear to be significant.

Thus from the at-harvest testing of DFS, it appears that
DFS can be considered comparable to results from P-1l. In addition, DFS
has some advantages over P-l. The principle advantages of DFS over P-l
are:

1. Analyst segment handling time is potentially reduced since only
bias-correction dots are labelled and no stasting or labelling
dots need be labelled. Analyst interpretation times for the
various procedures tested are shown in Table 2.22.

2. There is no dependence on an automatic labelling algorithm for
unsampled clusters. Each cluster's statistics are examined and
assigned to a stratum on its own merits. Thus the quality of
the strata assigmment decision is theoretically the same for
each cluster.

3. DFS can eliminate the need for applying the maximum likelihood
classifier as in the LACIE situation. The stratification pro-~
duced from DFS can be sampled in the same manner as the strati-
fication produced in P-1 from the maximum likelihood classifier.
This eliminates one costly autcmatic processing step.

4. DFS Shows potential for automation so that the analyst need

' only label "bias correction” dots. ' This reduces the data
handling by analysts on an individual segment.

5. By stratifying the segment into small grains
probability strata, a separate estimate of mean and variance
can be prcduced for €ach stratum. This potentially allows:
more precise estimates for wheat to be made at the segment level.
6. It may be possible to combine DFS with Procedure B (being developed
by ERIM)to produce strata from multi-segment data. These mul-
' tisegment strata could then bé sampled to produce small grains/
wheat estimates.
7. While DFS was optimally developed for small grains, the result-
ing stratification can probably be applied to the multicrop
situation with only minor modifications.

DFS as tested used 2x MSS 7/MSS § ratios as the vegetation indi-
cator. Any vegetation indicator could be utilized, however, provided
the variance around the soil line decision boundary is comparable to
that of the 2x MSS 7/MSS 5 ratio. Thus DFS may work equally well with
Tasselled Cap Transformation band 2 (greeness numbers) as the vegetation
indicator.

It is recommended that testing of DFS be continued to determine

1. its performance for the production of mid- and early-season
estimates;

2. 1its performance using Tasselled Cap greeness values as the
vegetation indicator; and

"3. its applicability in the multisegment processing situation.
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Table 2.22 Analyst Interpretation Times for - Evaluated Procedures

- Interpretation- Stratification Estimate

Training Time Time Calculation Total

Fields Procedure 11 hrs 15 min 11 hrs 15 min
Bias Corrected

Fields Procedure 11 hrs : 20 min 11 hrs 20 min

(1-2 hrs) - - o 20 min 1l hr 20 min’

2 hrs 20 min

DFS/Bias Corrected 209 2 hrs 15 min* 20 min 2 krs 35 min

99 1 hr : 15 min* 20 min 1 1 hr 35 min

60 40 min 15 min* 55 min 1 hr 50 min

*potential for automation
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2.5.0 SUBTASK C: EXPLORATION OF MULTITEHPORAL DATA COMPRESSION PRQODUCTS
2.5.1 OBJECTIVE

The objective of this subtask was 1) to explore methods for re-
ducing the dimensionality of Landsat multitemporal-multispectraldata;
and 2) to evaluate the role of data reduction products in multitemporal
interpretation procedures. Of prime concern for this task was the develop-
ment of data reduction products for which an ana¢yst could develop
logical and consistent expectations.

2.5.2 APPROACH

Of all the available Landsat data, temporal development patterns

‘of vegetation canopy are most exploitable for crop type identification.

Certain Landsat vegetation indicators (VI) such as the 2x MSS 7/MSS 5
ratio and the Tasselled Cap Transformation greeness values have been

shown to correlate well with vegetation development (weslaco, 1377;

ERIM, December 1977). Thus 2x MSS 7/MSS 5 and the linear combination

K2 = =_,28317M554 ~.66006MSS5 +.57735MSS6 +.38833MSS7 (greeness band from
Tasselled Cap Transformation) were chosen for initial study. In addition,
both of the above indicators serve as an initial dimensionality reduction
of the Landsat unitemporal-multispectral data.

2.5.2.1 PRODUCTS EVALUATED

Image Products

Products were produced in two different formats: an image furmat,
and a numeric format. In the production of image formatted data products,
an attempt was made to represent wheat (the crop of irterest) with colors
from the yellow to red hue regions or with coiors from the white region
(brightest valued colors) of celor. space. The red to yellow hues and the
brightest (whitish) values were chosen for display of the data of most
interest, because the red-yellow hue region of color space has the largest
niumber of distinguishable (to the human eve) hues within the shortest
distance in color space (se¢e Figure 2.4). Thus spectral differences be-
tween features are more likely to be detected within data mapped to this
region of color space. In addition, since yellow is the brightest,
maximumly saturated "visual primary”"*, and white the brightest value
(see Figure 2.5), the eye will be immediately attracted to the fzelds
with the higher probability of being wheat.

Two different approaches to data reduction were explored for image
formatted data prcducts. The first approach consisted of a single
combination of the vegatation indicator data from three acquisition dates
into one color composite Image. The VI data (2x MSS 7/MSS 5 or K-2) for
three acquisition dates were photocraphically or electronically com-

*Visual (human eve) primaruys are red, biuve and yellow, as cpprosed to the
color additive .primaries for color mon itors of red, blue, and green. The
human eye does not see green as 3 primary, but as a mixture of blue and
yellow.
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bined to produce a single multitemporal composite image. The date
specific VI data was assigned to one of three color guns or emulsion
layers. A "solil line” or more properly a green vegetation decision
boundary was placed in the data and aligned among the three dates that
comprised the image. For the 2x MSS 7/MSS 5 ratic the soil line was
Placed at a ratio of 1.10; for sun angle and haze corrected K-2 data
the soil line was placed at eight green numbers above the one percentile
level in the data.* All data falling below the soil line was assigned
to the zero (off) level of one of the color guns in the display system.
All data falling above the soil line was mapped to the other color gun-
levels using histrogram equalization (equal areas under the curve).
Histogram equalization of data above the soil line serves to maximuze

data contrast. Linear mappirg of data above the soil line was also ex-
amined to a limited extent.

Aligrment of the soil line from several acquisitions allows the
analyst to directly interpret the resultant image according to expecta-
tions developed from wheat crop calendar data. The analysts expecta-~
tions are as follows: 1) wheat will be above the soil line after the
threshold of detectable canopy (suspected at a 20% canopu cover) has been
reached. This detectable canopy cover percentage occurs somewhere be-
tween emergence and joirting in wheat. From detectability (preé-joint-
ing) through the start of heading, VI's for wheat fields will generally
continue to increase above the soil line. Around heading, the peak
value of the VI will occur and after heading the VI for wheat will gen-
erally decrease. The VI for wheat post-heading will remain above the
soil lire (though decreasing) until some point between turning and
dead ripe when it passes below the soil line for 2x MSS7/MSS 5 data.

In X-2 data it will remain slightly above the soil line. Table 2.23
Indicates the image colors that an analyst can expect for various com-
binations of grevnvegetated and non-green vegetated phases for a field.
By knowing the wheat biostage for each combined acquisition an analyst
can predict the color or colors in which wheat fields will be displayed
for a given composite image. Examples of image products produced
using this procedure are shown in Figure 2.6 a-m. A limitation of

this procedure is that the data from only three acguisitions can be
combined into one image. The second approach to this problem does

not have this acquisition limitation.

The second approach to data dementionality reduction for image
formatted data involved the application of principal component analy-
sis to a set of VI's for four or more acquisitions.** The first three
resultant principle co—7onents (eigen vectors) from these analyses are
assigned to the three oJlor guns of a display system to produce an image
of the new data. Image products from principle component analysis of
the k-2 data were qualitatively examined and compared to the previ-
ouslu described image preducts. Examples of the prlnczple component
image products are shown in Figure 2.7.

*This is similar to the procedure utilized bg Oscar Wehmannen .of LEC, Houston.
*22botten, LEC, 197/.
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This table indicates the image color that an analyst can -

expect for the varicus combination of green vegetated and

non-green vegetated phases when assigned to- the color

guns as below. Thus an analyst can predict the color ’ -
or colors to expect for wheat in the multitemporal composite

images by knowing the wheat biostages for the combined

acquisition dates and the color gun assignment.

red green blue

i 2 3

o B ] black (fallow)

o o x blue

o x o green

o x x cyan

x ] o’ red _

x o x magenta (not. probable
" x ° . yellow "in whea;)

x x x white

x - indicates green vegetation stage (i.e. above "soil line")

o - indicates dry vegetation stage, or bare soil stage (i.e. below
"soil line") : :
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Figures 2.6a and 2.6b

Kansas segment 1172. Multitemporal composite of the vecetation
indicators 2x MSS 7/MSS 5 (Figure 2.6a) and Tasselled Cip band 2 (K-2)
(Figure 2.6b) for February 22 - wheat fields greening up after dormancy
(red gun); May 4 - wheat fields jointed to headed (green gun); and June
27 - wheat fields turned (blue gun). Referring to Table 2.23 indicates
wheat fields should be displayed in the yellow region of colQr space.
Green fields in these images are mostly late emerging wheat fields.
Blue areas are pacture and some Summer green up Crops such as sorghum.
Comparison of Figure 2.6a and b indicates very little real difference
between the MSS 7/MSS 5 and K2 multitemporal images.

Figures 2.6c and 2.6d

Kansas segment 1179. Multitemporal ccmposite of the vegetation
indicators 2x MSS 7/MSS 5 (Figure 2.6c) and the Tasselled Cap band 2
(K-2) (Figure 2.6d) for March [0 - wheat fields greeninc up after
dormancy (red gun); May 4 - wheat fields jointed tc headed (green gun);
and June 27 - wheat fields turned (blue gun). FWheat fields should be
displayed in the yellow region of color space. Some late greening up
wheat fields are green, but more often pasture fields are green in
this image. Noise (red speckles) in Figure 2.6d, the X-2 image, illus-
trates the problem of the variability in the soil line placement within
the X-2 data on some dates.
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Figures 2.6e and 2.6f Kansas segment 1179. Comparison of at-harvest
and mid-season multitemporal composite images of the vegetation indif
cator K-2. Figure 2.6e is an at-harvest image comprised of acguis{tzons
for March 10 - wheat greening up (red gun); April 16 - wheat starting
to joint (green gun); and June 27 - wheat turned (blue gun). Wheat
fields are generally yellow in this image. Figure 2.6f is a mid-season
image comprised of acquisitions for March 10 (red gun); April 16
(green gun); and May ¢ - wheat jointing (blve gun). #Whbeat fields are
white (three vegetated phases) or yellow (early turmd fields-non-
green vegetatel phase on third date).




OR!GINAL PAGE IS
OF POOR QUALITY,

et

&1886 _CUSTOR HﬁpPINlI

e I PN S SR

.

2.6h i M

g 1854 CUSTON HAPPING

2.61




ORIGINAL PAgE |
s
OF POOR QuaLiTy

Figures 2.63, 2.6h, and 2.6i Kansas segments 1181, 1880, and 1954,
respectively. At-harvest multitemporal images for 2x MSS 