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PREFACE

This report JUocuments the develorment of a universal four-
chanmnel water discriminant for the Landsat-3 multispectral
scanner (MSS): The rerort is divided into two volumes:. Part 1
describes the amproachy» datar preprocessine) analysis) and re-
sults, Part 2 contains technical appendices listine the input
data» software) and comeuter-generated output,
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1. PURPOSE

Multispectral scanners onboard NASA unmanned Landsat satellites
pravide valuable sources of current data for earth resources
arplications, A serious problem in utilizine Landsat data is
the cost and difficulty of develoring an individual set of sio-
natures for each scene to b processed, This repoirt describes
the development of a ‘aniversal’ water signature for use with
Landsat-3 multispettral scanner (MES) diegital data.

1.1 BACKGROUND

The U, 8¢ Army Corps of Engineers is resuired by Public Law 92~
367 to inventory and insrpect «qualifying non-federal dams. The
gualifications are based on a combination of structure heisht
and volume of water impoundad, The Coreps has been using surface
water mars senerated by the Detection And Mappine (DAM) pacKase
from Landsat-1 and Landsat~2 multispectral scamner (MSS) digital
date to help update the existing inventory of dams, The set of
spectral sisnatures being used to classify water were previously
develored from Landsat-1i data in Texas and Landsat-2 data in
Alabama, Thay are not uscahle with Landsat-3 MSS data due to
differences in sensor response and calibration:

1.2 PERFORMANCE CRITERIA

Manual procedures documented as part of the DAM pacKkawe el)im-
inate ceprtain urban features and terrain shadows incorrectiy
classified as water by the computer processing, The final
classification results prequired by the Corps of this combined
computer and manual processing are stated as percentases of the
total nurler of water bodies ten acres or largser:

4 90 percent or better correct detection of water bodies 10
acres or larser

4+ 10 percent or fewer ‘'‘false alarms’ (arours of nori-water
rpixels misclassified as water bodies)

Al thoush some proportion of impoundments less than 10 surface
acres are exrected to qualify for inclusion in the inventory: no
criteria for their detection have been specified by the Cores,

1-1
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2, STUDY DESIGN

2,1 CONSTRAINTS

This study was Jlimited by the availabhility of hardware» soft-
warer and human resources suPporting or available to the Earth
Observations Division at the NASA Johnson Space Center in Hous-
ton, Site selection was limited to areas covered by retrospec-
tive data onlys, The Earth Resources Interactive Processing Sys-
tem (ERIPS) at JSCy» the Bendix~100 digitizine syvstem at JSC) and
the On-Line Pattern Analysis and Recognition System (OLPARS) at
Rome Air Develorment Center were not available for use in this
study, Technical problems prevented the use of EOD LARSYS, No
r:sources were available for field tries to any of the study
sites.

2,2 APPROACH

Most of the United States surface area is neither water nor com-
rposed of materials which are spectrally near to water in the
Landsat-3 MSS channels, The arerroach taken in this study ig to
select diverse study sites which have significant numbers of
water hodies betwoen two and fifty acres in sizesr to select only
rportions of those sites which have the sreatest density of watepr
hodies» and then to analyze intensively only those pixels which
are spectrally near to water,

Fiosure 1 illustrates this approach. Preprocessing of both the
Landsat and air rphoto data is designed to select only sground
features and rixels which are water or (spectrally) near-water)
and to eliminate other features and pixels from subsequent pro-
cessing, To further reduce the effect of rpixels lying far from
the water/non-water spectral boundaryr & linear discriminant
hyperrlane is fitted iteratively), with correctly classified pix-
els far from the hyrerplane receivine less weisht on subseauent
iterations,
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3. DATA AND PREPROCESSING

3.1 SITE AND FRAME SELECTION

Great care was taken to select a set of study sites which varied
in terrain climaver vemationy time of yewry and sun elevation
angsle, Nevertheless) al) study sites were resuired to meet the
followine criterial

4 Landsat and color infrared air siioto coverage within one
week of each cther

A No significant preciritation immediately before or be-
tween the Landsat and air photo coverase

4 No extensive clouds or haze in the parts of the Landsat
enene covered by air photos

A No scenes with sun elevation angles Iess than 35 degrees

A Significant number of water bodies between two and fifty
acres .

+ Some (spectrally) near-water features,» such as intensive
urban) industrial» terrain shadows

* Published mars available at  1:24,000 or 1362, 500

An arproximate count of water bodies by size was made for every
air photo frame in each site, Based on this count, the variety
of share and celor and the presence of liKely ‘pear-water’
featuresy individual frames (not necessarily contisuous) were
selected within each site,

Fiogure 2 lists the selected sitesy together with information or
the Landsat and air photo data.

3.2 AIR PHOTO PREPROCESSING

Each of the 28 selected air photos was individually rectified
and enlarged to a scale of 1:24,000 usins Published 7.% and 15
minute quadrangle mars for cantrol. All water bodies aver two
acres were then delineated on a mylar sheet over each rectified

3~1



LANDSAT-3 SUN  CENTER (DEGiMIN:BEC)
SCENE STATE DATE  ELEV  LATITUDE LONGITUDE
NUMBER (DEG)  NORTH WEST

BB B S B S W B N A S U S DU B DD S O PG N B B e N S e R N NG B S D U OO I S P 5 S P Gut W B b O By T T R o e

30082-15120 NEW YORK 26MAY78 S8 43100130 76143158
30130~ 18032  WASHINGTON 13JUL78 S5 47115146 118106100
30194-17182  MONTANA 1YSEP78 40 47116107 106139118
30216-16024  LOUISIANA 0700778 44 314374100 91139144

Lk R N R R e R R N Y oy Y

MISSION FOCAL NUMBER OF
SITE STATE DATE LENGTH ALTITUDE FRAMES
FLIGHT (IN) (FEET) SELECTED
JSC-382-344-7 NEW YORK 26MAY78 & 58,000 12
AMES~78-092 WASHINGTON 13JUL78 b 65; 000 9
AMES-78-1364 MONTANA 16SEP78 6 45,000 3
AMES-78-~143 LOUISIANA 080ocTzée 12 659000 4

Fiagure 2, - Landsat scenes and aerial photosrarhy.



frame, When necessary) the auadransle nars were used and the
roll film was intererreted usine a stereoscore, The area nf cach
delinecated water body less than 50 acres was then mesisured with
a disitizer,

Each rectified air rhoto was also overlaid with the correspond-
iny suadrangie mars) and the UTM coordinates of each rhoto cor-
ner recorded for lJater use in generating matchine comruter dis-
rlays and mars,

3+3 LANDRSAT PREPROCESSING

A set of protential control points was selected for each of the
four Landsat scenes, Risplays of Landsat data for these points
were visually correlated with the corresponding suadrangle mars
and bhoth Universal Transverses Mercator (UTM) coordinates and

scanner coordinates measured for each poirnt, The control net-
work for each scene was then adiusted usine the CONTROL erogram
in the DAM Package, Root-mean-sauare (RMS) errors for the net-

work addustments of these scenes ranged from 53 meters to &4
meteErs, N

A quick test with Landsat-3 data soan demonstrated that the
Landsat-2 series of water signatures used with the [DAM pacKase
were not adeguate to generate even the preliminary yater-ness
displays needed to screen out the obvious non-water pixels,
Cluster means from four Landsat<3 scenes near the Sabine River
in east Texas) previously generated and labelled for another
pradects were used to fit an arproximate water-ness transforma-~
tion using MSS channels 1 (Band 4) and 4 (Band 7).

Approximate water-ness displays were now generated for each rec-
tified air photo by the DAM packager using this transformation
and the previously measured rhoto corner UTM coordinates,



4. ANALYSIS

Althoush this charter is divided into distinct seztions coverinse
the different tyres of analysis performed on the rreerocessed
data, much of this work was actually performed in parallel.,
Thus, analysis of preliminary srectral plots or the performance
of a preliminary discriminant fit for Just one photo frame, or
for Jjust the frames in one site) typically hHelred to roint out
labe)line errors) or even preprocessino errors,

4,1 GROUND FEATURE SELECTION AND LABELLING

Usine the arprovximate water-ness displays) rectified air photos
and the delineated overlays» arproximately 2300 pixels» spread

approximnately equally between water bodies and non-water fea-
tures spectrally near to water: were identified and label led,

The labels and their meanings are shown in Fisure 3. The )abel
MX (fur mixture pixels) was not used originally but was added to
re)abel those water pixcls whichy upon closer scrutinys arpeared
to be edge pPixels rather than solely water pPixels.

The water-ness displays o9enerated with the aeproximate Sabine
transformation were used to label the Louisiana» Washington» arnd
New YorK sites, The displays of the sparsely vesetated Montana
site were not adeauate for labelling this arid site since they
showed far too many water and ‘near-water’ pixels, The Montana
disrlays were re~run using a revised transformation derived from
a linear discriminant fitted in a single pass to labelled rPixels
from the other three sites.

4,2 PAIRWISE SPECTRAL PLOTS

Various pairwise spectral plots were produced» by grouring la-
bels together into ciasses and then assienine symbols to the
clasces., These spectral plots were used to detect Jlabelling
errors and to help develor an intuitive fee)l for the data,

Fiaure 4 shows two spactiral plots) one of channeis 1 and 4, the
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ather of channels 2 and 4, These rplots are derived from all
1300 points on 4l) 28 frames, ‘N’ symbolizes one or more non-
water pixelsy ‘#/ symbolizes one or more water pixels, and ‘2’
symbolizes at least one non-water pixel AND one water pixel at
the same location in the sPpectral rplane, (The circles drawn
around some spectral locations are explained in the next sec-
tion,) Not surerisinelyy chanmel 4, the farthest of the near
infrared channels, is the best single channel to serParate water
from non-water and channels 1 and 4, the least correlated of the
Landsat MSS channels) are the best two channels,

Figure 5 shows a spectral piot of channels 3 and 4, Notice that
althoush these two channels are hishly correlated, lyine very
nearly on & straisht liner still the water and non-water rPixels
overlap very little on this elot. In spite of their high cor-
relationy this pPair of channels discriminates far better than
the less correlated pair of channels 2 and 4 in Fisure 4.

4,3 WEIGHTED LINEAR DISCRIMINANT FIT

All the pixels with water labels were groured into class 1 and
all the non-water prixels {(excert shadows and mixture) were
aroupsd into class 2, The first iteration to fit a discriminant
hyrerrlane between the two distributions was performed 9ivine
the same weight to all rixels, On subsesuent iterations) rPixels
closer to the hyperplane (and therefore in danger of being mis-
classified) received more weight than pixels farther away which
were in no danser of beine misclassified,

Fisure &6 shows the coefficients after the final iteration, On
the left side of the fisure is a general summary of how this
discriminan? classified all the pixels, On the riaght side is a
detailed summary of how the discriminant classified those pixels
close to the hyperplane (includine all misclassified rixels),

A total of 2 out of 700 water pixels (or 1.3 percent) and 8 out
of 574 non-water pixels (or 1.4 percent) are misclassified by
this discriminant, Fisure 7 lists all 17 misclassified rPixels,
Several are isolated pixels in the Mississirpi River, It was
not possible 110 determine whether any of these misht have been
associated with barges in the river., The bauxite mil) and com-~
mercia) bujldine roofs are in industrial and commercial areas
and probably could have been eliminated by an analyst without
referrine to any supplementa) data sources other than the pub-
lished auadrangsle maprs, The darK sand dune faces in eastern
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0 14 0 6
0 18 (o] 3
(o] 23 (0] ]
0 <} § 0 1
[ <8 0 2
0 32 0 4
¢ 41 2 b
(¢} 31 0 2
Q 43 (o] 7
0 3é 1 b
0 39 0 3
0 36 i b
(o] 31 4 3
0 30 0 ]
(o) 34 1 7
0 28 -0.,80 0 1
2 18 ~04 40 0 2
2 24 -0, 40 o 0
S 18 ~0,20 (¢] 1
3 2 0,00 0 0
16 S 0,20 1 1
17 1 0.40 2 0
37 i 0. 40 2 i
43 0 0,80 7 0
54 o 1,00 3 3
62 0 1,20 b 1
71 0 1.40 3 0
87 (o) 1.60 3 (o]
92 o 1,80 4 1
58 0 2,00 2 0
&0 0 2:.20 4 0
38 0 2,40 4 0
23 o] 2.60 9 1
18 o 2,80 7 0
) 0 3,00 & (o)
3 0 320 7 0
2 0 3,40 8 0
1 0 3:60 b (o)
3.80 12 (o]
700 574 4,00 7 0
Fiogure &6: - Final pass of weishted linear discriminant,




STATE FRAME

LA 9734
LA 9734
LA 9691
LA 9691
LA 9691
WA 1440
WA 1440
WA 1440
WA 1440
WA 1440
WA 1535
WA 1535
NY 076
NY 076
NY 076

" NY 076
MT 9100

540

CHANNEL
3

2

CLASS LABEL

RL
RL
RM
RM
RM
IN
BR
BR
BR
DT
SD
sh
LD
Lo
LD
LD
BS

DISCR

-1.4
-1.4
-1,0
-1.4
..1,_4
0.7
2,6
1,0
1.3
0.9
1.0
1.8
~2,6
-1,7
-2:.6
-1.9
0:2

FEATURE

DESCRIPTION

et Sk e e WD e e W

MISS,
MISS,
MISS,
MISS,
MISS,

BAUXITE

DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK

BLDG
BLIG
BLDG
BLIG
DUNE
DUNE
LAKE
LAKE
LAKE
LAKE
BARE

RIVER
RIVER
RIVER
RIVER
RIVER

MILL
ROOF
ROOF
ROOF
ROOF
FACE
FACE

O TR B e S B M B B W G B B e G G B S e BE S R G N R M B St G G G e G e (e e Gu ey W e g b G G G B A G G G S Gme G G BaR e Ree B

CLASS 1 = WATER

Fiaure 7

CLASS 2

NON-WATER

+ - Pixels misclassified by linear discriminant.



Washineston are in the vicinity of Potholes Lake, They are spec-
trally identical in @211 four MS5S chamels to some interior (non-
edeve) water pixels: The rixels in the dark lake (feature number
20) in urstate New York are srectrally different from typical
water pixels,

The misclassified rPixels Jisted in Fisure 7 are circled on the
spectral plots Iin Fisures 4 and 5, Many circles occur over 2's)
wvhere the same spectral values in these chunnels are shared by
both a water pixe) and a non-water rpixel, Note that any pPoss-
ible )inear twa-channel srpectral limits wouid have more classi-
fication errors than the four-charine! linear discriminant hyper-
Plane,

4,4 PER FEATURE AND SHIFTING TABULATION

Based on the discriminant coefficients reported in section 4.3»
a new eeries of water-ness displays was senerated in which each
increment in symbols displaved indicated a shifty or transla-
tiony of the hyperplane corresrondine to a chanse of 0.2 in the
bias term of the discriminant. The water bodies on these dis-
rplays were tabulated by number of epixels for ten different
shifted paositions of the hyeperelanes Fisure 8 shows that for
water bodies of ten acres or greater the unshifted discriminant
is besty with a per feature false alarm rate of 8.7 rercent and
a miss rate of 8,7 percenty based on the oceurrence of one or
more Pixels, The unshifted discriminant (with a hias term of
7:128) exceeds the performance criteria and is recommended,

The miss rate of 8.7 percent is an average for all 414 water
bodies 10 acres or larger in surface area, The discriminant had
a higher miss rate for the smaller water bodies in this arocue
and & lower miss rate for the larger water bodies in this groue
as may be seen from Figure 9.

The number of pixels detected per water body also varied with
surface area» as shown in Figure 10, However, differences in
share and in pixel alignment with respect to the water body in-
troduce considerable random variation: a)thoush the mean number
of pixels in a 10 acre water body is appProximately three, the
standard deviation is nearly 2.5 pixels, These data susgest the
difficulty of attempting to estimate the area of smal) water
bodies from Landsat MSS pixe!l counts.

By using the complete tabulations in Aprpendix-Gy it is rossible
to estimate the performance of any of the shifted discriminants
for water bodies of other size ranges. Likewiser performance



FALSE
BIAS ALARMS MISSES
SYMBOLS TERM NUMBER PERCENT  NUMBER PERCENT

0 to O 6,728 <8 6, 8% 34 8.,7%
0 to 1 6.928 as 8,4% 36 8,7%
0 to 2 7.128% 36 8.,7% 36 8.7%
0 to 3 7.328 38 9.2% 36 8.7%
0 to 4 7,528 45 10.9% 3u 8,4%
0 to 5 7,728 48 11,6% 34 8.2%
0 to 6 7928 v 12, 6% 32 7:7%
0 ta 7 8,128 62 15,0% 30 7.2%
0 to 8 8.328 74 17.9% 29 7.0%
0 to 9 8,528 91 22,0% 27 6:5X%

% Bias term from weishted linear discriminant fit

(414 water bodies 10 acres or )larger)

Fisure 8, - Effect of bias term on 10 acre water bodies




WATER BODIES WATER BODIES

SIZE MISSED TOTAL SI1ZE MISSED TOTAL
(acres) " X " (acres) - p 3 "
2 - 2.9 299 92 326 2 - 999 712 &1 1891
3 -~ 3.9 145 77 188 3 - 999 413 39 1065
4 - 4,9 98 &9 143 4 - 999 268 iCh 877
S - 5,9 60 55 109 S -~ 999 170 23 734
b -~ 6,9 26 41 b4 b -~ 999 110 18 625
7 - 7,9 28 49 S7 7 -~ 999 84 15 561
8 - 8,9 11 21 52 8 -~ 999 56 11 504
9 -~ 9.9 9 24 38 9 - 999 @45 10 452

10 - 10,9 {0 22 446 10 - 999 36 9 414
11 -~ 11,9 S 20 25 11 - 999 26 7 348
12 - 12,9 S 18 28 12 ~ 999 21 & 343
13 - 13.9 1 7 14 13 - 999 16 S 315
14 - 14,9 2 9 23 14 - 999 15 5 304
15 - 15.9 1 7 15 15 - 999 13 ) 278
16 - 16,9 2 1% 13 16 - 999 12 5 263
17 - 7.9 3 19 16 17 - 999 10 4 250
i8 - 18,9 Q 0 12 18 ~ 999 7 a 234
19 - 19,9 1 9 11 19 - 999 7 3 222
20 - 20,9 1 13 8 20 - 999 b 3 211
21 - 999 5 2 203 21 -~ 999 5 2 203

Figure 9. - Discriminant performance:, by size of water body
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SIZE OF NUMBER OF PIXELS PER WATER BODY  AVERAGE

WATER ACRES
BODY STANDARD MOVING PER
(acres) DEVIATION MEAN AVERAGE PIXEL
2 - 2.9 0,38 0,10 - o - -
3~ 8.9 0. 95 0,38 0,32 10,9
4 - 4,9 0,81 0,48 0,54 8.3
S - 549 1,02 0,77 0,93 5.9
b - 6,9 1.71 1,55 1,23 5.3
7 - 7.9 1,86 1,37 1,68 4:5
8 - 8,9 1,89 2,13 2,07 94,1
9 - 9.9 2,40 2.71 2,72 35
10 - 10,9 2,47 3,30 3.11 3.4
i1 - 11,9 3.2 3. 32 3,20 8.6
12 - 12,9 2,38 2,96 3,24 3.9
13 - 139 2:04 3,36 3¢77 36
14 - 14,9 359 5,00 4,79 3.0
15 - 15,9 3,464 6, Q0 526 2,9
16 - 1649 365 4,77 S.61 2,9
17 - 7.9 4,31 b, 06 b 11 2,9
18 - 18,9 3.70 7:+50 b,94 2,7
19 -~ 19,9 3.41 727 6,97 2,9
20 - 20,9 3,31 6,12 7.16 2,9
21 - 21,9 4,11 8,09 7.84 2,8
22 - 22,9 2,94 9420 9.35 2.9
23 - 28,9 5,01 10,75 -~ - - -

Fisure 10, -~ Number of pixels detected, by size of water body
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can be estimated ify to further minimize the already accertable
false alarm rate, we wish to reauire more than one contisuous
pixe) for a water body to sualify, Since the stated prerformance
criteria are met by the oriasinal fitted discriminant on a sinsle
rixe) basis, such devices have been not been needed in the pre-
sent study,

4~-12



5, CONCLUSIONS

The technisues used in screenine the data and in iteratively
fittine the discrininant to rixe!l values uweivhted Ly their
closeness to the hyperelane provided a sisnature which arpears
to be ortinmum at least with respect to translation of the hyrer-
rplane: Time and resources did not rermit the evaluation of the
effect on discriminant performance of different rotations of the
hyperr) ane,

Internediate discriminants derived from data for only two sites
did far less well in classifyins the remainine sites, sussesting
that a sufficient)ly large and diverse sample is very imrortant
in attemeting to develop triuly ‘universal’ signatures,
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