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INTRODUCTION

The eagerly awaited Thematic Mapper (TM) was successfully launched with the

Landsat-4 in July of 1982. The increased spatial resolution (30 meters),

additional spectral bands (3 visible, 3 infrared, and on thermal) of narrower

band width and more optimum spectral placement, improved signal to noise

ratio, and improved ground data processing - all rolative to the reliable

Landsat Multispectral Scanner (MSS)	 offers much promise for additional

information for crop inventory and condition assessment technology. A quick

look analysis in support of the Goddard Space Flight Center (GSFC) Landsat-4

Image Data Quality Analysis (LIDQA) Program was planned and implemented to

gain early insight into the characteristics of the TM. The initial TM scene

received from GSFC contained only the first 4 bands of the total 7-band TM

sensor. This scene was acquired over the Detroit, Michigan, area on July 20,

1982. It yielded an abundance of information for scientific investigation. A

wide variety of studies were conducted to assess all aspects of the TM data;

from manual analyses of image products to detect obvious optical, electrical

and,/or mechanical defects to detailed machine analyses of the digital data

content for evaluation of spectral separability of vegetative/nonvegetative

classes. These studies were applied to several data segments extracted from

the full scene. The findings from these studies continue to compile an

exhaustive list and no attempt was made here to perform end-to-end statistical

evaluations. However, the output of these studies do identify a degree of

positive performance from the TM and its potential for advancing the state-of-

the-art in crop inventory and condition assessment technology.

1
J



INTRODUCTION

JSC TM QUICK LOOK SITE SELECTION

GENERAL CRITERIA FOR SEGMENT SELECTION:

e Constrained to 4-band frame acquired over Detroit, Michigan, July 20, 1982.
• Constrained by limited ground data collection capability.
• To capture a variety of conditions and land-use groups.
• Contribution to a number of studies.
• The location on the full frame.

Y	 f
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SEGMENT RATIONALE FOR INITIAL 1M ANALYSES

1. Candidate for ground data collection evaluation	 Tecumseh, Mi^,*'Jgan

(9545).

• Contains

Agriculture

- Towns
t;

- Natural Vegetation

Small airport

- Water

• Located totally in one county.

2. East Toledo (9646)

• Contains

- Urban /industrial

- River

- Large vegetated area

- Resolution targets

• Analyst familiar with this area

3. Sandusky (9647)

• Contains -

Bridges for resolution targets

- Some mining/quarries

- Large water bodies for signal/noise study

4. Ann Arbor (9648)

• Contains -

- The city and university

Mining

- Agriculture

7



5. West of Toledo (9649)

e Contains -

- Quarry/mining

Urban/agricultural transition

- Natural vegetation

6. Detroit Airport (9650)

• Contains -

Resolution targets	 +

- Urban i

- Agriculture

7. Canadian Site (9651)

e Contains -

Agriculture	 different mix from site #9645

Water target
3

8. 100% Water Site (9652)
,t

• Test	 +

9. Fulton County, Ohio Blind Site (0231)

• Contains
a

Agriculture

- Small town

• Previou ,̂ ly a ground truth site

r

8



a

TM DETROIT SCENE QUICK LOOK

3
k

Quick Look
Priority Segment Namemow.+ Purpose	 g"

1 TM 9645 IMAGE Tecumseh Agriculture

2 TM 9646 IMAGE East Toledo

f

Resolution

3 TM 9647 IMAGE Sandusky Signal/Noise

4 TM 9648 IMAGE Ann Arbor Resolution

5 TM 9649 IMAGE West Toledo Agriculture
6 TM 9650 IMAGE Detroit Airport Public Information

7 ;M 9651 IMAGE Canada Foreign Agriculture

8 TM 9652 IMAGE Water (100%) Test

9 TM 0231 IMAGE Fulton Blind Ground Truth
Site (Agriculture)

i
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1.1 IMAGE QUALITY STUDY

• Rationale:

Equipment malfunctions, inadequate aspect corrections, clouds and process-

ing errors can degrade or negate the informational value of imagery.

• Objective:

A qualitative evaluation was made by an image analyst on the Quick Look

imagery products to detect and report any degradation which may have

occurred during_ extraction and processing, and to report any excessive

geometric distortions or clouds/haze.

• Scope:

The evaluation was subjective in nature and based on a single multi-band

thematic mapper scene. It is not intended that this evaluation will over-
lap with other qualitative studies to be made at the same time.

• Approach

1. The imagery products were visually examined to determine the extent of	
a

degradation present from each of the following potential causes:

mechanical, electro-optical, processing, or atmospheric. Greater than

10% random or sporadic degradation was considered to be unacceptable;

greater than about 40% degradation from localized factors such as

clouds was considered unacceptable.

2. Shape and alignment of features identifiable in the imagery was

compared with corresponding features on available maps to detect any

distortions in shape and direction.

3. A qualitative comparison was made of pixels generated in the point

versus character mode of image product generation.
F

• Output:

1. Description of mechanical, electro-optical, atmospheric, and film

processing effects noted on TM image products.

a
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a Results:

The real imagery seems to have nearly the same characteristics as the simu-

lated imagery with respect to pixel purity (and resolution), within-field

variation, scan line clarity, etc., with exception of the "true color"

differences noted in the paragraph on Atmospheric Effects. In short, it

appears the simulators did a good job simulating Thematic Mapper imagery.

The quality of the geometric corrections also appears to be excellent in

the 9 segments generated of land areas. Straight lines appear as straight

lines, as evidenced by section lines in Segment 0231 (an agricultural

segment) and as evidenced by runways at Detroit Airport in Segment 9650.

No circular features were found, but an oval racetrack in Segment 9649

appeared oval in shape as it should have appeared.

-	 MECHANICAL EFFECTS

There was no evidence of degradation due to vibration or other

mechanical causes in any of the segments extracted.

-	 ELECTRO-OPTICAL EFFECTS

The all-water segment (TM 9652) had unusual coloration. The water did

not look blue using the false color infrared and "true color" genera-

tion techniques for land areas. There were almost no blue pixels, and

brown or red pixels predominated. Detectors and their associated

"sweep" was evident in both the color and B/W products. Occasional

"line file" was also noted.

-	 ATMOSPHERIC EFFECTS

The overall loss of green and blue in channels 1 and 2 was greater than

anticipated in the "true color" simulations using channels 1, 2, and 3.

All of the vegetation in the TM true color scenes is brown, with only a

few olive pixels being detectable under magnification. While part of

the loss of green may have been caused by the image generation and

processing techniques, it is not unusual for blue and green reflected

wavelengths to be affected by atmospheric haze. Further experimenta-

tion will be needed to gain a better understanding of the causes of
4

degradation in the "true color" imagery composites.	 r

t
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FILM PROCESSING

There are both operator-related and software .-related comments to be
made.

Operator-related

With respect to FR-80 operation and film processing: The FR-80

settings appear to have caused differences in overall brightness of the

imates generated on September 10 and 11; i.e., those generated on

September 11 were generally brighter. On a case-by-case basis,

however, there were detectable differences in brightness within each

"batch" generated. Some variation could have resulted during the lab

processing.

Software-related

Some adjustment in the software that "scales" the data may be in order.

The full range of reflected values is not captured consistently in the

image products and in some cases is spread too far as in the "water"

segment. Examination of several channel 4 black and white images

revealed that green vegetation is being partially dropped out in some

cases, with only C.I.R. "bright" red showing up in the black and white

images. For example, when viewing channel 4 for Segments 0231 and 9645

(both generated on September 11) virtually all of the vegetation in

Segment 9645 appears as shades of gray, but in Segment 0231, many of

.he vegetated fields look no different than plowed fields.
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1.2 SPATIAL RESOLUTION QUANTIFICATION STUDY: AN ANALYSIS OF INTERFACE ZONES

• Objective:

Examine surface type interfaces as an aid in understanding boundary region

spatial and spectral characteristics.

• Approach:

Analysis of boundary regions between agricultural fields of the same and

different crop types.

s Rationale:

1. Aid in labeling target definition (spatial and spectral).

2. Aid in labeling and allocation of boundary zones in proportion and area

estimation.

3. Aid in the development of classification systems with different levels

of generation.

• Products:

Band-to-band plots of several boundary traces.

- Estimate of the Modulation Transfer Function for each channel.
F

	

	 ii
o Results:

By examination, the scanner response delay performance for each channel

matches or exceeds published specifications. Overshoot specifications may

not be met, although the influence of within field reflectance variability

on perceived overshoot is unkown.

MTF's generated for each channel show a system performance below what is

expected. This is probably not a true indicator of system performance

since derivation of the MTF was directly tied to the mathematical function

fit to the TM edge traces. The selected function did not satisfactorily

capture the abrupt shift in reflectance values measured by the sensor in

each channel at the boundary.

1-7
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Creation of the TM Channel 1 Smooth Edge Trace Overlay:

An ideal square pulse approximation of the boundary, indicated by the solid`

line, was convoluted with a 30m IFOV, a response delay time of 11.6 .sec

settling time. The convoluted pulse is shown with a dashed line. The

results discuss how the empirical data is related to the convoluted pulse

that incorporates preflight system specifications.
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1.3 SIGNAL/NOISE RATIO STUDY

• Rationale:

To get an indication of the noise that exists in the sensor on each band by

examining the signal /noise (S/N) in the entire system and to provide under-

standing regarding the potential effect on vegetation studies.

• Objective:

Determine the S/N in each TM band and compare it to the specified S/N of

the Thematic Mapper.

Scope:yj

One acquisition of each of the 4 bands for each TM segment which contains

identifiable homogeneous targets.

• Approach:	 <'

-	 Generate grey maps of each segment by band.

Identify homogeneous targets on the TM image for each band.

-

	

	 Generate histogram for each target and band to acquire the mean and

standard deviations of the target counts.

-	 Calculate the .radiance and S/N for eaach target and band.

Plot the observed S/N and the ire-flight specifications and compare

results.

S/N for each sample = counts mean
coun s standard devia ion

Radiance for each sample = A + B (counts mean)
for Thematic Mapper,	 A N 0.00

B = Maximum Scene Radiance from advertised
for each	 255	 specifications
band

• Output:

Plot of S/N by radiance for each band.
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• Results:

-	 Data

• Segment 9647 - 12 varying pixel size samples from the water.

• Segment 9652 - 30 samples, each 20 x 20 pixels.

• ror Both Segments

Although targets covering the entire possible range were not extracted,

the following observations were evident:

- Bands 1-3 perform much better than specifications.

Band 4 perform slightly worse than specifications.

- Results are in agreement to those seen in preliminary testsl.

SIGNAL-TO-NOISE RATIO (S/N)

MINIMUM	 MAXIMUM
SCENE RADIANCE	 SCENE RADIANCE

BD SPECIFIED ACTUAL SPECIFIED ACTUAL

1 32 52 85 143

2 35 60 170 279

3 26 48 143 248

4 32 35 240 1	 342

1 Landsat Data User Notes, Issue No. 23, July 1982.
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2.1 BO!JNDARY/MXBD PIXELS USING FIELD FINDING ALGORITHM

• Rationale:

Current crop inventory technology has traditionally experienced an as-yet-

to-be resolved effect from pixels that contain more than one category of

interest. Thus, the impact due to the increased spatial resolution of the

TM is veryimportant.

• Objective:

Examine the boundary pixel content of a TM agricultural scene.

• Approach:

1. Categorize a TM scene by noting the types and relative content of

boundary pixels utilizing the current field definition technology.

2. Cwnparison of TM and MSS agricultural scene boundary pixel content.

0 Output:

Proportions of boundary pixels in TM and associated MSS (if applicable)

scenes.

a Results:

Segment 231 - TMS-MSS Boundary Pixel Content via the Dennis Field

Definition Algorithm.

MSS - August 6, 1979

Perimeter boundary	 0.0% of the scene

Linear boundary - 0.0436% of the scene
Interior boundary 	 0.0% of the scene

TM — July 20, 1982

Perimeter boundary - 0.0009% of the scene

Linear boundary 0.0160% of the scene

Interior boundary	 0.01. of the scene



Definitions

Perimeter boundary consists of boundary pixels that are easily associated

with a vegetated or non-vegetated field and lie on the perimeter of that

field.

Linear boundary consists of boundary pixels that are not readily identified

with any field, but tend to lie in a line falling between two fields.

Conclusions

As is indicated above, the TM scene boundary pixel content is approximately

39" of that found within the MSS scene. About 2% of the boundary found

within the TM scene (perimeter) is easily assigned to defined fields,

leaving the final TM scene boundary pixel content just 37% of that found

within the MSS scene. Stated alternatively, the MSS scene has a boundary

pixel content that is 2.7 times greater than that of the TM scene.



2.2 PURE PIXEL STUDY

e Rationale

Current crop inventory technology has traditionally experienced an as-yet-

to-be resolved effect from pixels that contain more than one category of

interest. Thus, the impact due to the increased spatial resolution of the

TM is very important.

a Ob3ective:

To manually analyze TMS/TM data to see if it will be an improvement over
the MSS boundary pixel problem.

e Approach:

1. Methodology

Examine grid intersections of TMS /TM for boundary and pure pixels on an
agricultural area, an urban area, and an area with body of water.

e Input Products:

1. TMS/TM data of agricultural area, Channels 2, 3 0 4.

2. TMS/TM data of urban area, Channels 2, 3, 4.

3. TMS/TM data of water, Channels 2, 3, 4. 	
S,f a

e Output Products:

Summary Report.

#r
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COMPARISON OF TM AND MSS PURITY

• FROM TM DATA, THIS 1S PURE

• FROM MSS DATA, THIS IS PURE

J
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o Results:

Three (3) Thematic Mapper (TM) scenes have been manually analyzed to

examine grid intersections for boundary (mixed) and pure pixel problems.

The results are:

P  RITY
	

1

TM %
	

MSS %

9645 Tecumseh, MI	 88.9
	

66.3

9646 East Toledo_, OH 	 92.2
	

64.4

9647 Sandusky, OH	 98.5
	

85.5

From these results, although a very small sample, an improvement of boundary

(mixed) and pure pixel problems can be observed. Further study should be done

to substantiate this improvement.



-	 t

PRECEDING PAGE 81./ ►NK NOT FILMP

2.3 SMALL TARGET RECOGNITION,

• Objective:

Illustrate detection of near-pixel-size features on TM imagery. Possible
areas of interest and associated features:

- Country Club (swimming pool, tennis courts, greens, sand traps).

- Airport (hangers, taxiways, aircraft).

- University (athletic fields, buildings).

- Urban Area (new development, shopping mall, park, water tower).

- Power Plant (transformer yard, fuel storage tanks, cooling tower).

- Bridges (auto/railroad).

Tank Farms, Orchards, Small Islands, etc.

• Results:

Improved resolution of the Thematic Mapper provides significant additional

detail which will improve the performance of analysis techniques in areas

where problems have been encountered due to small fields.

E

h
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2.4 EVALUATI ON OF TM IMAGERY FOR COLLECTING GROUND TRUTH

• Rationale;

Ground data are essential to technology development activities and are a

necessity in evaluating the performance of technology when applied to

Landsat data. If a high resolution Thematic Mapper image can be substi-

tuted for the aerial photo base presently used, it will be more timely and	 s

cost effective in collection of the ground data. 	 r

e Objective;

Evaluate the suitability of the "high resolution" Thematic Mapper image as

a substitute for the aerial photo ground truth base.

Scope:

Evaluate one TM segment size image in the "Quick Look" in late August or

early September, dependent on data availability.

e Approach;

Data preparation/input products

A TM segment from the Detroit/Toledo July 20, 1982 scene was selected for

ground data collection. The site chosen was segment 9645 in the Clinton-

Tecumseh, Michigan, area. The site is a mixture of agriculture and urban

area with rolling terrain.

The geographic center coordinates for segment 9645 were estimated using

previous MSS Landsat data. These coordinates were then used to obtain a

1.24,000 scale topographic map and to order Return Beam Vidicon (RBV)

imagery. (June 14, 1982, acquisition date).

A_data search for archived aerial photography was conducted. No recent

aerial photography was readily available of the area of interest.

Due to scheduling constraints a decision was made to startthe ground data

collection using the RBV 1:24,000-scale image enlargement.

2-16

a



Data collection

Field work began on September 13, 1982, using the RBV enlargement. The

next day the 1:24,000 scale TM segment area image base was received. The

TM enlarged photo base was used for the ground data collection activity for

the remainder of the week.

• Output Products/Results:

All accessible areas of the segment (80-85%) were inventoried and recorded

on the Thematic Mapper photo base. The output products are the field

inventory recorded on the TM base, field comments, and 35 mm. Slides for a

representative subset of the segment area.
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3.0 STUDIES ILLUSTRATING INCREASED INFORMATION
FROM IMPROVED TM BAND PLACEMENT AND SELECTION



t^ r
e

3.1 TM BAND/COMPOSITE USEFULNESS LIGHT-TABLE STUDY

• Objectives

1. To identify the usefulness of the individual bands in discerning land

use characteristics and assessing environmental conditions.
R

2. To identify band composites that may further aid in discriminating land

use features and environmental phenomena.

• Approach:

1. Determine the principal applications of each band through analysis of

r available literature.

2. Select segments having varieties of land use and environmental

conditions.

3. Examine the individual bands for discrimination of the above.

4. Through analysis of the seven bands, select composites which may

further aid in condition wssessment and l4wO use classification.

• Outputs:

• Qualitative summary of the overall usefulness of each band and selected

composites.

• Results:

• The results of this band ccmnposite analysis are shown in the figures of

this section.



3.1.1 LAND USE/CROP IDENTIFICATION CAPABILITY AND USEFULNESS OF BANDS/BAND
COMPOSITE

BAND USEFULNESS:

A LITERATURE COMPOSITE

Spectral
Band	 Range: um

1	 0.45 to 0.52

Principal Applications

Coastal water mapping, soil/vegetation

differentiation, and diciduous/coniferous

differentiation.

Green reflectance peak of vegetation

between 2 chlorophyll absorption bands;

vegetation discrimination and vigor
assessment.

Most important band for vegetation

discrimination; chlorophyll absorption

region for vegetation/nonvegetation

discrimination, and contrasts within

vegetation classes.

Biomass surveys and will aid in crop
identification and emphasize soil/crop

contrasts.

Important for crop type, crop water
content, and soil moisture studies.

2
	

0.52 to 0.60

3
	

0.63 to 0.69

4
	

0.76 to 0.90

5
	

1.55 to 1.75

6
	

10.4 to 12.5 Vegetation classification, vegetation

stress analyses, soil moisture discrimi 	 r

nation, and other thermal related mapping.

7	 2.08 to 2.35	 Important in the discrimination of

rock type and for hydro-thermal mapping.

x
3-2
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BAND USEFULNESS

BAND BY BAND ANALYSIS AS OBSERVED FROM TMS

Band 1	 Soil-vegetation separation (urban areas, roads ., and harvested

fields): field separation is poor; minor forest discrimination.

Band 2	 Vegetation separation, corn from soybeans from natural; some stage

separation between fields. Harvested areas are difficult to

observe. City and roads are distinct, however, their contrast is

better in Band 1.

Band 3	 No discrimination between vegetation classes; vegetated and non-

vegetated distinction (urban area, roads, and harvested areas

versus general vegetation).

Band 4	 General vegetation separation, c(m from soybeans from forest;

texturing occuring in forest. City trees may be dominating causing

the urban area to resemble the natural areas; harvested fields are

distinct, water is observable but confused with low vegetation

patterns.

Band 5	 Crop types showing up well, as are the natural vegetation and urban

areas. Crop stage separation is observable; ponds/wet areas very

distinct; possible soil moisture patterns. Harvested fields are

apparent, but discrimination not as apparent as with Band 4.

Band 6	 Cannot tell city from harvested regions. Warmer areas are

apparent, vegetated/nonvegetated regions discernible.

Band 7	 Urban and harvested areas are apparent, as are roads and forests;

vegetation discrimination possible; stripping is occuring in image.

3-3	 f.
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3.2 AUTOMATED CLASSIFICATION: VISIBLE/IR COMPARISON

3.2.1 THEMATIC MAPPER STUDY

• Rationale:

New spectral coverage and spatial resolution provided by the Thematic

Mapper are expected to allow greater field definition and classification

detail and accuracy.
k

• Objective:

To identify and qualitatively describe the additional information made

available by the TM.

To evaluate the usefulness of current automated "S'patial Color Sequence"

technology as a tool to process this information.

e Approach:

The "Tecumseh" TM segment (9645) acquisition of July 20, 1982 was processed

through Spatial Color Sequence software twice.

The first processing was done using TM band 2, 3, 4 to provide a

spectral equivalent to MSS coverage..

The second processing was done using TM Band 2, 3, 4 and 1, 2, 3 to

demonstrate the effect of visible color information.

The "Lake St. Clair" TM segment (9651) acquisition of July 20, 1982 was

processed through the Spatial Color Sequence software using TM bands 1, 2, 3

to demonstrate the usefulness of visible color information.

The differences in field definition and classification detail obtained from

each processing were then analyzed.

• Results:

TM provided greater field definition, as expected, especially when all '4

available Bands were used.



The increased spectral coverage provided by the use of all 4 available
TM bands exhibited apparent improvement in the overall class
separability.

All TM results are consistent with expectations formed during TMS

studies. Hence, we expect more "timely" TM acquisitions to provide even
more dramatic increases in classification detail and accuracy in
agricultural areas,
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s

a Comments on results of running automated field'-finding algorithm on segment

9651 (Canadian scene including portion of lake St. glair).
t^
k

- Agricultural portion shows same limited variability observed in other

July 20 segments. However, the larger areas of water is divided into

"fields" with three distinct signatures, These correspond to the

yellow-green-blue zonation along the coastline observable in the film

product.

- This observation suggests that the visible signature variability noted

in the TMS data is also present in the TM data. When acquisitions are

obtained later in the year, this signature variability can be'expected

to prove useful for crop type identification and crop condition

assessment, In other words, this segment provides further evidence that

the TMS data gave a good approximation of TM capabilities.

This demonstration of water signature discriminability may have

significance for disciplines other than agriculture. For example,

oceanographers, ecologists, and environmentalists all are actively

seeking a means of quantifying visible color differences in water bodies

so as to measure plankton, chlorophyll and pollution levels. It is

possible that the automated technology developed for agricultural use

with color infra-red imagery may be applicable to water studies in the

visible spectrum as well. In any event, the addition of the blue band

appears to have added considerably to TM usefulness, and this will be

further enhanced by the ability to relate the observations to standard

U.S. color nomenclature (National Bureau of Standards (NBS)/Munsell).

The TM discrimination of color differences is particularly remarkable

since on a scale of 0-9 these colors have an intensity (or saturation or

purity or chroma) of less than one. Thus, TM is distinguishing colors

at or below the threshold of human detectability.
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3.2.2 SIMULATED THEMATIC MAPPER FEATURE IDENTIFICATION STUDY

• Rationales

New spectral coverage and spatial resolution provided by the TM are

expected to allow greater labeling target ("field") definition and

classification of
r

• Objectives:
 1F	

• To identify and qualitatively describe the additional information made

available by the TM.

!	 • To evaluate the usefulness of current automated "Spatial Color Sequence"

r

	

	 vegetation classification ter.hnology as a tool to process this

information.

e Approach:

TMS segment (1979 Webster, Iowa) was processed through the Spatial Color

Sequence software using the following combinations of Band sets;

2, 3, 4 alone (as MSS "equivalent")
2, 3, 4 and 1, 2, 3
2, 3, 4 and 2, 3, 5
2.t 3, 4 and 2, 3, 6
2, 3, 4 and 2, 3, 7

Analyze differences in field definition and classification detail obtained

with each set.

Results:

The field patterns produced from the MSS "equivalent" (234/234) processing

and from each of the other four band set combinations were much better

correlat-d with the ground truth field patterns than the field patterns

produced by actual MSS processing. (The actual MSS/SCS field patterns and

Pj

1

the TMS/SCS fields are shown in Figs. A and B, ground truth map is shown in

Figure C. This is oresumed to be the result of the greatrer spatial

resolution of the TEAS data. The improvement in field definition by the

addition of each TMS band was analyzed both before and after classifica-

tion. The improvement in classification detail attvibuted to better 	 t

"field" definition is visible in Figures °D and 'E wore the MSS based
s

classification is compared to the MSS "equivalent" classification. The

results of this analysis follow:
F

•
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x

When band 1 (.45 - .52 u) data is added to bands 2, 3, and 4 the new field

definition separated fields of corn from 	 fields of soybeans and

from other fields of corn (fig. F). These areas were interpreted to be

later maturing corn fields or corn fields of a different variety than the

others (unfortunately, ground truth 9-day observations were not made on

many of these fields, so ground observation confirmation of this inter-

pretation was not available)-.- These fields of "late corn" were separated 	 u

from the soybeans, oats, hay, and natural vegetation areas quite success-

fully, as were the other corn fields (fig. G). Soybean areas were uni-

formly and accurately treated by the classifier.

When band 5 (.52 - .60 p ) data was added to bands 2, 3, and 4 field

definition was as good as or better than that obtained with band 1. The

Same "late corn" areas were identified as distinct fields, and the

classifier grouped these fields into the corn category. Corn was success-

fully separated from the soybeans, oats, hay, and natural vegetation.

(fig. H)

The addition of TMS band 7 (2.08 - 2.35 p) slightly decreased the corre-

lation of the procedure defined fields with the ground truth fields.

Patterns which may be related more to crop condition than to field
7

boundaries become detectable with this combination. When the classifier

was run on these fields, two categories contained the soybeans which had

previously been in one category (fig. ' I_. The differences in the soybeans

fields between these categories may be related to the stage of development

or to the variety planted. The "late corn" fields which were so well

detected with band 5 were included in one of the soybeans categories when

band 7 was used in classification

When the thermal band, TMS band (10.4 - 12.5 u ) was used with bands 2, 3,

and 4 field definition was fair to good, but correlation with ground truth

fields was further decreased. Many of the larger fields defined by other

combinations were broken into smaller fields. After classification,

patterns which had not been apparent in other combinations were visible



r

	

N

6

4

(fig. J). The irregularities in the shapes which make up these patterns

indicate that they may be related to features under the vegetative canopy

or to differences in crop condition.

• Conclusion

SCS technology was efficiently and effectively applied to TMS data and

will be considered a valuable tool in JSC's efforts to assessTM data.

The SCS technology shows promise as a building block for an automated

vegetation classifier which uses TM data.

Results of comparing TMS data to MSS data indicate that all field defini-

tion may be greatly increased by the TM resolution. Additional informa-

tion in TM band 1 may allow more accurate crop type and crop condition

assessment. Data from TM band 5 may improve field definition of different

crop types. Data from TM band 7 may permit more effective discrimination

of crop condition than has previously been possible. TM band 6 may allow

crop condition assessment and sub-canopy feature identification and

mapping.



W

Q

V

Q
W

0
Z
Q
ccW
Z

Z

Q

r
f/1F	 r

1i

O14

0

4

vi

r+

n
rr

e

N

•

ORI9IN4L PAGE 0
OF PCOA QUALrm

uj

^ ONVB
NOI1dHOS8V "t

N31VM

ZONV9 0`
Q NOI1dUOSOV	 v m'
..I

LL
H31VM

uj

1^1 cn

ui pe

ONVB 'SBV IAHdOHOIHO 	 ;I,;, r	 ^+	 '	 ,^

cc ONVB 'SBV IAHdOH01HO

V
L lu ^j	 p

Yf	 ^.	 Iq.	 N
^
CA

=

LU

J Z
,

J

3

uNr	 ^

3 V 
Z .^	 a	 ^i

ca

Ell

^^a
m ;

t#

E
3-21



ORIGINAL PAGE IS
OF POOR QUAL,"

H W

w

Zworn
Z_

a:w M
O N ^

D ^ ^
LU

ZzmQ0

06

cn oc
g wH
Z 00w
Dr;^
DOM
wZrn
Z Q •-

LL, .w `n r'M

Op^Q
C7

LL On

a
3-22



ORIGINAL PAGE IS
OF POOR QUALITY

Q

0
}
Z
D0
U

z
0

Ir
w Q

m w
w
3.0

U
w

LL

0 ^ Z	 cn Qo^

WZQ^>-
 

DM moCO^-Q
crM }0II Q=

00 U z
©

ZW
cn 11	 11	 W11 ZZz(DD U.I3:WwZ0 00wQ

Cc
Uvi mm	 C.70

C3

3-23



am^P,

ẑ
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3.3 HISTOGRAM ANALYSIS

• Objectives:

1. To analyze each Thematic Mapper band to determine the structure and
usefulness of the data.

2. To support other working groups such as the feature selection and

applications quick Look by providing information on each of the TM

bands.

• Approach:

1. Characterize each band of TM data from histograms according to range,

distribution, mean, standard deviation ., and contribution to a color

composite.

2. Compare information found to that from TMS data. 	 j

3. Study the histogr •ammed data in relationship to the segment, black and

white image to formulate a qualitative assessment of the usefulnessof

each band particularly in agricultural applications. Ground data will

be plotted in hi,stograrr, form as it becomes available to enhance this

study.

4. Replot all histograms to the same scale for a visual comparison and

final presentation products.

• Data Requirements:

- Histograms/all bands/all segments.

Black and white imagery/all bands/all segments.

Product 1 IR false color/1 per segment:

• Output Products;

Qualitative description of the TM data.

- A set of histograms for each segment.
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e Results:

Segment 9645 Tecumseh, Michigan

e Background	 Scene Composition:

- 8-10% Urban

- 1% Water Bodies

- 5% Trees, Natural Vegetation

- 80% Agriculture

- 2-4% Miscellaneous

e Data Analysis_	 j

- Shapes of bands 1, 2, 3 are very similar

e Narrow range

• Unimodal

k	 • Sharp peak

• Data skewed to the right

- Main Difference - The counts where the bulk of the data occurs is

very different for Band 1 and slightly different for Bands 2 and 3.

- Band 4 - Distinctively different shape

e Wide distribution of data values. 	 j

a, Biomodal or trimodal

e Small cluster formed at low data values. (Probably water

pixels.)

• Data values higher than for other bands.

• Conclusions:

i	
Probably some separation between 3 distinct classes based on

j

	 Band 4.

- Segment 9646	 Toledo Ohio
i

• Background - Scene -Composition

1 Water

- 4-5% Parks, Natural Vegetation

94-95% Urban - Industrial, Commercial, Residential
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• Data Analysis

- All bands have a fairly smooth shape.

- No sharp peaks.

- Effective range of data is wider for Bands 1, 2, 3 than in

Tecumseh scene.

- Data is unimodal except for small cluster of data to the left in

Band 4 (suspect this is the water pixels same as in segment 9645).

- The va'iues where the bulk of the data occurs is very similar for

Bands 1, 2, 3 when compared to segment 9645.

- Band 4 data values have shifted to the left considerably.

• Conclusions:

- Homogenity of the scene evidenced in data structures observed.

Segment 9647 - Sandusky, Ohio

• Background - Scene Composition

- 78% Water

- 1% Mining/Extraction

2%'Trees/Natural Vegetation

- 15% Agriculture

- 4% Miscellaneous

• Data Analysis

- Bands 1, 2, 3 very similar in shape

• Narrow range for bulk of the data

• Unimodal

• Very sharp peaks

s Data skewed to the right

kp	 - Band 4

• Biomodal

• Wide distribution of data values

• High spike at left

i
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In comparison to segment 9645:

• Band 1 distribution has shifted right.

• Band 4 has only one distinct peak (distribution) in the middle

data values where in segment 9645 two existed.

• Conclusions:

Strong evidence that water can be identified using Band 4 data.

Some evidence of water/land distinction in Band 1.

A correlation analysis of this scene would probably be misleading

because of the structure of Band 4 with the sharp peak to the

left.

Segment 9652 - Water

• Background - Scene Composition

- 100% Water (two ships)

• Data Analysis:

Data ranges are narrow for all bands.

Band 1 has the widest variation.

Band 2, 3 have approximately 50% of the data occurring at one data

count.

The data values where water occurs in Band 4 are similar to those

noted in previous scenes.

• Conclusions:

- Water appears to be in very narrow, defined distributions in each

of the visible bands and the near IR.	 I
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3.4 PRINCIPAL COMPONENTS STUDY

'q AbJective:

identify dimensionality of Thematic Mapper feature space.

• Approach:

Perform principal components analysis on agricultural segments.

• Output Products

- Transformation matrix

- Color and gray scale maps for several segments.

- Bi'variate plots for significant dimensions.

• Principal Components Analysis Results

- Data

• Detroit scene Thematic Mapper data

• Five agricultural segments

0231 Fulton, Ohio

9645 Tecumseh, Michigan

9468 Ann Arbor, Michigan

9649 West Toledo, Ohio

9651 Ontario, Canada

• Segments analyzed separately and as combined dataset

• Results similar

• Only combined analysis will be presented

Visible bands highly correlated

First two principal components explain 96% of the variance

- Have tasselled cap in first two components.
- Principal_ component 1

• Contrast between visible and near IR

• Stable

3-43



I

- Same coefficients for Simulated Thematic Mapper as for TM Detroit

scene.

Same coefficients if calculated on all agricultural segments or

individual segments.

- Principal component 2

• Near IR plus a weighted sum of the visible bands. 	 r

• -Coefficients of visible bands vary a bit.

- Principal component 3

• Does seem to aid in cluster detection.

• Band 1 to Band 3 contrast or Band 1 to Band 2 contrast depending on

the scene.

- Even though principal components indicate the data is two dimensional,

third component helps in cluster detection. It also appears to give

information in color images.

- Results on the Simulated Thematic Mapper data support the above

analysis.

• Webster County, August 6, 1980

• Correlation struction preserved

H First two components

- Have similar coefficients

- Again explain 96% of the variance.

,t



THEMATIC MAPPER DATA

JULY 20, 1982 DETROIT SCENES

PRINCIPAL COMPONENTS ANALYSIS

CORRELATION MATRIX

BAND 1

BAND 2 0.9255

BAND 3 0.8976 0.9248

BAND 4 -0.4583 -0.3702 -0.3310
BAND 1 BAND 2 1	 BAND 3

TRANSFORMATION MATRIX

FOR PRINCIPAL COMPONENTS

( 1 ) (2) (3)

BAND 1 0.55469 0.07893 0.-6590

BAND 2 0.55043 0.20409 0.11057

BAND 3 0.54115 0.25256 -0.72869

BAND 4 -0.31065 0.94251 0.11555

VARIANCE EXPLAINED

Component 1 2 3 4

Eigenvalues 3.0508 0.7928 0.0919 0.0646

Variance .763 .198 .023 .016

e First two principal components explain 96% of the variance.

e Visible bands are highly correlated.
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CORRELATION MATRIX

BAND 1

BAND 2 0.9466

BAND 3 0.8773 0.8724

BAND 4 -0.3606 -0.3407 -0.5197

BAND 1 1	 BAND 2 1	 BAND 3

TRANSPORTATION MATRIX

FOR PRINCIPAL COMPONENTS

( 1 ) (2) (3)

BAND 1 0.54535 0.26049 -0.36009

BAND 2 0.54226 0.28548 -0.36031

BAND 3 0.54936 0.00815 0.83555

BAND 4 -0.32674 0.92227 0.20586

EXPLAINED VARIANCE

Component 1 2 3 4

Eigenvalues 3.0411 0.7881 0.1177 0.0531

Variance .760 .197 .0294 .013

SIMULATED THEMATIC MAPPER DATA

AUGUST 6, 1980 WEBSTER COUNTY

PRINCIPAL COMPONENTS ANALYSIS

• Confidence inuick look study .Y

Correlations similar

First two components have similar coefficients

e Confidence in studies using simulated data.

y

1
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Principal Components Analysis

Image Analysis

• Agricultural fields

- Cut fields

Vegetative stages

- Bare soil

• Natural vegetation

- Trees

• Man made structures

- Urban areas

- Homesteads

• Terrain

- Drainage patterns



Band

2 3 4

Component

First .5343 .5403 .5467 -.3510

Second .2532 .2339 .1192 .9311

Third -.7909 .2915 .5329 .0736

Principal Components Analysis

Location

Fulton, Ohio - Urban and Agriculture

Segment 0231

Gun Assignments

Green = First principal component
Red _ Second principal component

Blue	 Third principal component

Transformation

Calculated over all pixels of the segment

Interpretation

First = Contrast of visible and near IR

Second	 Near IR plus small visible contribution

Third = Contrast Band 1 versus Band 2 and 3

r

I
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Principal Components Analysis

r

Fulton, Ohio

b

Image

Color

Object is highly

Peflective in Examples

Green Visible Bands Industrial, roads, water

Yellow All	 Four Bands Homesteads, parking lots, roads

Red Near IR Band Vegetated agricultural 	 fields

Purple Near IR and Bands Trees
2 and 3

Blue Bands 2 and 3, Ripe fields
but not Band 1

White Near IR, Band 3, Cut agricultural fields
Band 2, but not
Band 1
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Principal Components Analysis

Location
Tecumseh. Michigan - Agricultural
Segment 9645

Gun Assignments

Green P first principal component
Red = Second principal component

Blue	 Third principal component

Transformation

Calculated over all pixels of the segment.

Band
1 2 3 4

Component

First 0.5464 0.5449 0.5553 -0.3090

Second 0.1953 0.2455 0.0943 0.9448

Third -0,8055 0.3199 0.4976 0.0337

!	 Interpretation

First	 Contrast of visible and near IR
Second	 Near IR plus small visible contribution
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Principal Components Analysis

Location.

Ann Arbor, Michigan - Urban and Agriculture
Segment 9648

Gun Assignments

Green,- First principal component
Red s Second principal component
Blue - Third principal component

Transformation

Calculated over all pixels of the segment

Band
1 2 3 4

Component

First 0.5618 0.5516 0.5628 -0.2516

Second 0.0989 0.2113 0.1255 0.9643

Third -0.6102 0.7672 0.1793 0.0821

Interpretation

First = Contrast of `visible and near IR
Second	 Near IR plus small visible contribution

Third = Contrast Band 1 versus Band 2
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3.5 MAXIMUM LIKELIHOOD/ISOCLASS,

• Rationale:

Numerous technologies have been deve ovL)d for Landsat MSS data to perform

crop inventory research and development. An understanding of the applica-

bility and completeness of these technologies for the TM data is necessary
r

for future planning and implementation.

• Assess the adaptability of maximum likelihood classifier and ISOCLASS

clustering routine for use with TM data.

• Approach

Process TM sample segments with EOD-LARSY software to determine overall

usefulness and quality of Thematic Mapper data.

e Software Readiness:

The following processors have been successfully executed and are considered

functional with TM data:

- Histogram	 - ISOCLASS	 - Scatter Plot

Gray Map	 - Label	 - Classify

- Dot Data	 - N-Dimensional	 Display
Histogram

e Output Product;

Conditional Cluster Map

	

	 a
i

- Unconditional Cluster Map

- Gray-Shade Class Map

• Results:

Due to limitations established for LACIE size segments, classification

and clustering of a full size '308 x 366 TM sample segment could not be

achieved. However, it is possible to process a smaller portion of a TM

scene which corresponds to 117 lines by 196 pixels.
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- Sample segments selected for processing were 9645 Tecumseh, Michigan,

and 0231 Fulton, Ohio. Each scene represented areas of diversified

agriculture, with suitable nonagricultural land use representation.

Using minimum 30 type one dots and 60 type two dots, a three category

classification was produced.

9 Segment	 Category	 Classified	 Bias Corrected

9641	 Small	 Grains	 24.3	 19.2

Summer Crop	 52.8	 46.6

Other	 22.3	 19.2

0231	 Small	 Grains	 16.3	 19.2

Summer Crop	 63.9	 59.6

-	 Other	 19.7	 21.1

-	 Evaluation of cluster:	 Maps and Ground Verification 	 F

9645	 Fields No.	 Ground Truth
x	 +,

1, 2, 3	 Corn crops

4, 5	 Idle crop,	 bare soil	 j

6	 Soybeans

7	 Varying stages of corn development 	 j

8, 9	 Corn	 !

10	 Soybeans

11	 Weeds

12	 Clover

_v

13	 Other Hays

14	 Trees

15	 Urban

16	 Small	 Grains

r_

€	
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0231	 Field No.

1, 2, 3, 4, 8

5, 6, 7

9, 10

11

12

Al_ Interpr

Summer crop (cor

Small grains

Water

Trees

Urban
5

• Conclusion

- Classifications for 9645 is considered acceptable. 0231 is marginal.

- Clusters from a single acquisition using TM data appear to be uniform

and homogeneous when compared to the imagery.

- Variation in crop mixture is illustrated in greater detail with TM data

than ofd MSS.

Areas normally 'designated other' classified with easy into "other"

category. Very little confusion with crop types.

• Recommendation:

- for future Quick Look or data processing with TM data, each processor

should be modified to accept new scene size and dimensions.

Lnvestigate the possibility of extracting LACIE size segment areas for

classification purposes.



EOD-LARSYS

PROCESSORS

PROCESSORS

HIST

GRAYMAP

STAT

ISOCLS

SELECT

CLASSIFY

DISPLAY

DATATR

TRSTAT

WHIST

SCTRPL

DOTDATA

LABEL

DAMRG

GTDDM

GTTCN

FUNCTION

One-dimensional histograms

Gray-scale maps

Statistics

Iterative Self-Organizing Clustering
System

Channel selection

Data Classification

Displaying classification results

Data transformation

Transformation of statistics
N-dimensional histogram
Scatter Plots

Dot data file creation

Cluster labeling
MSS data merging

Ground truth dot dump (dot labeling)

Ground truth tape conversion

r

i

INi



I

a.

1

M

ORIGINAL PAGE IS
OF POOR QUAUTY

MAJOR PROCESSING PATHS IN EOD-LARSYS

p -.+

r

1

n
w

>--<^D

r 9

Ynum QUICK LOOK PATHS 10

_ - -- PROCEDURE ONE
A.

tl AM IV

ANALYST AIDS AND UTILITIES

EITHER 1
1

ctD- a r

oI$FLA/5

I1,0111 11.f (1505151
1111} wt$0 0.	 NottlalM ot"Wil1 . ti. 4rN11

0.1 51.5511 IfAll 0map 1015.5.'1
51 .1f1 1rl O1l51I.r11
INf^	 IN1. 10.1/1. L. DI4101

at1. 100 -

11.	 I'll	 I	 boi l,.	 Ou	 to	 4
rl.	 1101	 1	 DoIS,	 G. 10
MAI 15l .105. 40 t0 b ^ ..j

0
.1 sum11 5.1141 r[lnrr'I

t(	
to t0	 0. 1110

n

Irn

3-67



PRECEDING PAGE BLANK NOT FILMED

3.6 CLUSTERING (CLASSY) STUDY 	 +; ► 	 ` fi

Rationales

See 3.5

• Objective:

Gain first indications of how (4 channel) TM data "clusters," i.e.

- How many clusters will CLASSY find ina typical scene?

What is the correspondence between these clusters and various ground

cover- categories?

- How do clusters found with TM data compare to those found using MSS

data?

• Scope:

CLASSY was run on Thematic Mapper data for two scenes:

- Segment 9645 (Tecumseh): Left and right halves of primarily 	 i

h
	 agricultural scene were processed. Current ground truth is available.

Segment 231 (former LACIE-TY blindsite): Left half of scene was

4	 processed. Left half of August 1980 MSS acquisition was processed for
r	 comparison.

CLASSY has also been run on 6 and 7 channel simulated TM data from

Webster County, Iowa.

e - Clusters appear to correspond well with certain ground cover types: 	 r

Trees, urban areas, roads ., bare:. soil; single acquisition four-channel TM

data does not appear to be able to distinguish between crop types

accurately.

There appear to be more clusters inherent in single-acquisition TM data

{	 than in single acquisition MSS data. When run on the left half of

segment 231, CLASSY found 8 clusters with TM data and 5 with MSS.

- Classes composed of boundary (mixed) pixels may be a problem with TM

data in some cases. Such classes are apparent in segment 231, but do

not seem to occur in segment 9645.
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