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PREFACE

This is the final report on the Investigation of the Effects of
Construction and Stage Filling of Reservoirs on the Environment and
Ecology. The overall objective of a series of investigations expected
to be undertaken for this project is to test the hypothesis that changes
in a river basin's ecology which take place during the construction and
Tong-taerm operation of a flood control reservoir can be measured by
high-level aerial and satellite photography and other data; in addition,
the investigation attempts to ascertain whether post-project changes
in areas having similar, preproject environments can be predicted
with reasonable accuracy.

The purpose of this project was to develop optical processing
techniques for use in a system to monitor the effects of major censtruc-
tion. A simple information extraction system, based on photographic
enhancement techniques and manual interpretation, was developed and
compared to currently used digital processing techniques. The devel-
oped manual interpretation system proved to be a viable approach.

The information extraction system described in this report was
developed and tested by Dr, H. M. Karara and Dr. J. R. Eyton, Depart-
ments of Civil Engineering and of Geography, respectively, University
of I11inois at Urbana-Champaign, Urbana, I1linois. Programming was
done by Mr. Paul Lessar, a graduate student of the University of 1114-
nois at Urbana-Champaign, Department of Urban Planning. Assistance
provided by Mr. R. F. Gordon, technical monitor, is gratefully
acknowledged:
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1 INTRODUCTION

OVERALL OBJECTIVE

The overall objective of the anticipated saries of investigations
is tc test two hypotheses: (1) that changes in the ecology of a
river basin which take place during censtruction and long-term opera-
tion of a flood-control reservoir can be me:sured by high-level aerial
and satellite photography and other data, and (2) that post-project
changes in areas having similar, preproject environments can be pre-
dicted with reasonable accuracy.

The original area of interest was the Sangamon River Basin in
IMinois. The phenomena that were originally to bo observed included
the effect of impoundment and operation of Uakley Reservoir upon such
basic natural processes as erosion, sedimentation, primary production
of organic materials, and changes in the composition and density of
flora and fauna. These processes were to have been measured in the
area immediately impacted by the reservoir itself, and would have in-
cluded the zone in which changes in groundwater and soil moisture
were expected to influence basin processes, as well as approximately
90 miles of land along the Sansamon River which were to be protected
from flooding.

PROJECT OBJECTIVE

The purpose of this project was to develop a monitoring system
with the objective of:

a. Developing a simple information extraction technique based
on optical processing,

b. Developing an interpretation system compatible with the pro-
ducts of optical processing,

c. Testing these techniques against currently available digital
processing techniques,

d. Evaluating the test resuits for use in the developed interpre-
tation system for monitoring environmental changes caused by major
construction.

The proposed damsite at Lake Decatur and a few scenes within the
supplied imagery that could best illustrate the results are used as
examples of the developed techniques.



5 SATELLITE-IMAGE OPTICAL PROCESSING
TECHNIQUES

INTRODUCTION

This research investigates the ptility and feasibility of optical
processing techniques for the extraction of information from satellite
images. The time expended on these information-extracting techniques
is worthwhile for the following reasons:

a. Many people require techniques that will aliow them to do
"single shot” information extractions; therefore, the simplest and
1east expensive techniques that are effective were considered.

b. There are digital methods for these technigues; however, most
current programs require considerable memory and are not adaptable to
small computers. In addition, the expense of ERTS tapes or commercial
digitizing of aerial photographs prevents their use by many investi-
gators.

c. Most equipment described in this research can be built at a
minimum cost and requires only minimal technical competence. This

approach makes such optical investigations cost-effective and practical.

d. Remote sensors treat photographs as physical records of the
radiation reflected from the ground. The optical processing can be
carried out with the photographic image obtained from a point perspec-
tive sensing system (camera) or from a line scanning or viaecon system.
The important information (spectrally) is the indication of which band
(wavelength) and how much of the radiation (intensity as indicated by
grey level or density) is being reflected.

COPYING

Most information needed from an ERTS image is often contained in
a small area of the image. Much of the initial research was an effort

to obtain satisfactory enlargements of specific areas on the ERTS frame.

Three methods were developed:

a. Use of standard copying equipment built around 35 «m and 2 1/4
x 2 3/4 in. single lens reflex cameras. Figure 1 illusirates the
system and its components.

) b. Fabrication of a simple camera (Figure 2) for obtaining a
fixed 1:1 copy on & x 5 in. sheet f1im from a transparent or opaque
copy.

¢. Use of an enlarger to projéct portions of an ERTS color
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Saturn Copy Stand

3400 K Photo Floods

Aristo DA-10 Light Unit

Nikon F 35mm Camera

Micro-Mikkor-P.C. Auto 1:3.5 f55 mm lens
Bellows, Spiratone Macrotel 1:45, f 150 1ens
Extension Tubes

+], +2, +3, Close-Up Lenses

Spiratone Macrostigmat +20 Diopter Lens
Critical Focuser

Miranda FVT 35 mm Camera

Focusing Rail

Figure 1. Close-Up Photography System
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Figure 2. Simple 1:1 Copy Camera



transparency or enhanced Diazo transparency. This system produced the
sharpest results at extreme magnification.

Table 1 outlines the steps for copying with the enlarger, and
Table 2 outlines the necessary filtration for other enlarger bulbs
and daylight-balanced films.

These three copying methods were quite successful. Contrast was
increased hy using standard film, such as Ektacolor or Ektachrome,
rather than copying films which reduced contrast gain in the copying
resean. Figures 3a and 3b illustrate the use of standard film. (A

pictures contained in this report are referenced to an outline map
shown in Appendix A.)

SEPARATING THE SPECTRAL BANDS

To obtain both a regular color image and an infrared color image,
the spectral information of each band can be separated by photographing
the image with black and white film using color separation filters.

Two sets of separation Filters can be used; an additive set (R, G, B)
or a subtractive set (C, M, T). (Table 3 Tists the Wratten number
corresponding to each filter.)

The additive separation will be a black and white negative con-
taining information from one band: the subtractive separation will be a
black and white negative containing information from two bands.

Figure 4 schematically i]lustrates the process of separating the
red band information from a color transparency.

The red radiation reflected from the target and recorded on the
color transparency as Y and M dye is white in the final black and white
print. This is the correct rendition for a positive black and white
record of the reflected red radiation; white or Tight renditions in-
dicate a high spectral return. Figure 5 shows separations from an IR
Ektrachrome transparency using a simple target.

Table 4 shows the various combinations of separations from an
Ektachrome transparency. The right column indicates the rendition of

the black and white prints obtained by conventional black and white
Films and filters,

COMBINED SPECTRAL INFORMATION

Techniques used for combining black and white pho?ographic re-
cords are additive viewing, additive printing, and add1t1ve_c0py1ng.
These methods are most commonly employed with mu]tibandlaer1a} photo-
graphic imagery and with the black and white photographic positives
obtained from the ERTS multispectral scanner.

R 1 B A e e s o n



Table 1. Enlarger Copying of ERTS and SKYLAB Imagery

FILM: EKTACOLOR-L, 4 x & sheet for exposure of 1-10 sec, balanced
for 3200°K Tighting or daylight balanced fiims such as
Kodacolor or Ektachrome

ENLARGER BULB: See Table 2

CORRECTION FILTER:  {2950°K ——> 3200°K): 828

FILM HOLDER: 4 x 5 Lisco sheet film holder. A white piece of
paper is inserted on one side of the film holder to act as
a focusing panel. The dark siide for this side is perma-
nently removed.

STEPS: (1) Put transparency in enlarger, flipped over once from

correct viewing.

{2) Focus image at desired enlargement on white focusing
panel.

(3) Turn film holder over; position holder with image on
dark sT1ide (DO NOT REFOCUS!)

(4) Turn off enlarger; remove dark sTide and expose
(nominal exposure 1 sec at 32 with 150 mm Tens)

(5) Replace dark slide.



Table 2. Enlarger Bulbs and Color-correcting Filters
for Balancing Tungsten and Daylight Films

Color Correction Filters

Enlarger Bulb Color Daylight Films Tungsien
Temperature Films
°K {3200°K)
211 (75 Watts) 2950
80B & 82C 82B
212 (150 Watts) 2950
300 (150 Watts) 3100 80B & 82B 82
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Figure 3a.

Part of the Sangamon Basin (Map 1) from Skylab
ETC Frame Copied Using Ektacolor-S
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Figure 3b. Close-up of the City of Decatur, I11inois, and
Lake Decatur (Map 2) from Skylab ETC Frame
Copied Using Ektacolor-S
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Film G M ARk M M
R c c iRy ©
Red Filter I .
B & W Film- | i T

B&WFiIm‘bm |
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Mo silver or dye density

Figure 4. Separating Red Band from Ektachrome film

Figure 5.

Target, | IR I R ' G ]
.. c e
Film G > Y Y A A
R M R_@— M M
Red Filter 1
B & W Film- NN T ]
B & W Films | NN N &

N Silver density
‘C,M,YI Dye lonsity

No silver or dye denzity

Separating the IR Band from IR Ektachrome (for the IR
Ektachrome film a red filter separates out the IR in-
formation from the transparency because the IR responsce
was represented by Y+M = R dye.)
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TabTe 3. Separation Filters

Additive Subtractive
Filter Wratten # Filter Wratten #
R 25A C 44A
G 58 M 32
B 478 Y 12

The principal advantages of combining these records into a color
composite are the operator's contro] over assigning a color hue to
each band and the saturation of the color in sophisticated systems.
Applications include false coloring (other than an IR Ektachrome ren-
dition) to separate objects with nearly similar spectral reflectance
or simply to combine images into a color composite if a color rendition
is unavailable. The latter is particularly true of ERTS color imagery,
since only certain color composites are readily available. The methods
Tisted here will produce color imagery of extremely high quality,
which in most instances wi1ll equal that of machine-processed imagery
available from agencies.

Additive Viewing

A simple additive viewing system can be made by using three pro-
Jectors to project the black and white positive records in registra-
tion (aligned) on a screen. Filters placed in front of the projector
lenses control the hue, and a rheostat connected to the projector
bulbs controls, to a degree, the saturation. Figure 6 is an example
of a simple system for reconstructing an IR Ektachrome rendition from
black and white records. Since each record is a positive black and
white photo, high radiation return is recorded as white {or trans-
parent) on the film. If a red filter is placed in front of the pro-
jector containing the IR record, areas of high IR reflectance will be
red on the screen. Adding a green filter in front of the projector
containing the red record and adding a blue filter in front of the
projector containing the green record will create an IR Ektachrome
rendition. Other false color renditions can be obtained by inter-
changing the filters.

It is possible to construct a simple system such as that shown in
Figure 6, but there will be registration probiems unless long focal
length {long throw to screen) lenses are used. Even when these lenses
are used, however, perfect registration is still impossible. Perfect
registration can be insured by using beam-splitting mirrors (Figure 7).
Table 5 indicates some of the color combinations possible when a set

11



Table 4. Black and White Prints from Infrar.d
Ektachrome Transparency

Separation Equivalent Black and White
Record Dye Layer Filter Film/Filter Combination
Infrared Cyan Red {25A) IR + 898
Red Magenta Green (58) PN + 254
Green Yellow Biue (47B) PAN + 58
Infrared Cyan and
and red Magenta YelTow (12) IR + 25A
Infrared Cyan and
and green Yellow Magenta (32) No equivalent combination
Infrared Cyan,
& red & Magenta &
green YeTltow No filter No equivalent combination
Red & Magenta
green & yellow Cyan (447} PAN + 12

12



IR RECORD Red filter H

Sereen

GRECORD P

R RECORD

P Proiecinr with positive B & W transparency
of each recard

Figure 6. Additive Viewing System
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Scraen Total light to reach screen Total light to reach screen
I 9 1 9
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1
|
I
i
|
|
|
|
1
|
|
1

D:j—- — = = " Beam splitter (1/3R, 2/3T)
]

1 ' A !
m_%Beum splitter (IR, '2T) _/Beurn splitter (1R, 2T
) )
Filters & positive JCQ Filters & positive & R Reflection

transparency transparency )

T Tronsmission

TWO-"OJECTOR ADDITIVE VIEWER THREE-PROJECTOR ADDITIVE VIEWER

Figure 7. Beam Splitter Additive Viewing Systems
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U

of primary additive and subtractive filters are used. With these
filter combinations, the non-IR reflectance color is complementary to
the IR reflectance color, providing maximal scene contrast.

Table 5. Filter Combinations for Additive Viewing

Records IR Non~IR
IR R G Ref. Color Ref. Color
P R G B R C
R F
0 1 B G R B ¥
J L
E T G B R G M
C E
T R C M Y C R
I §
0 M C Y M G
N
Y C M Y B

For most small-scale imagery, 1ittle information is Tost if the
green record is not used in the additive viewer. In practice, this
may result in an actual gain in information, since two images are much
easier to register than three. The green record is also subject to
greater radiation scattering and usually does not have the contrast of
clarity of the red record. Complementary-colored filters always have
a two-band representation. When a red filter is used with the IR re-
cord and < cyan filter is used with the R record, the rendition will
be nearly identical to that of the IR Ektachrome rendition. Using one
band in the near infrared and one band in the visible creates a much
easier projection system; it is also a very useful concept for carrying
out spectral enhapcement techniques.

Additive Printing and Copying

The same procedures used for additive viewing may be used to
make color prints or transparencies from individual black and white
records. If black and white positive records are used, they must be
copied onto color-positive material. If black and white negative
records are available, they can be copied or printed onto color negative
materiails.

Additive printing is a method in which th~ black and white record
is placed in contact with a piece of colored ma.erial and exposed to

a light source filtered by a primary fiiter. The second and third re-
cords are then individually contacted to the sawe piece of paper and

15
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exposed to the light source through a different primary filter. Each
record is kept in registration by a pin re-istration system. Two
approaches may be used: printing black and white negative records
onto colored paper {such as Ektacolor RC) which yields a positive
color print, or printing black and white positive records onto a
color negative film and using it to make contact color prints. The
latter approach is basically the one used by the ERQOS program to
print color composites from ERTS data. Figures 8 and 9 show the
reconstruction of an IR Ektachrome rendition color print from black
and white positive and negative records. False coloring of any ren-
dition other than the IR Ektachrome rendition can be accomplished by
interchanging the printing filters.

PRI LB } § G | -Printing filter

R -Positive B & W record

R G
y .
~Printed one ot a time
in register

~Colar negative film

-Color print paper
{ + color print)

Figure 8. Infrared Ektachrome Rendition from Additive
Printing of Positive Black and White Records
onto Color Negative Material

Additive copying can be accomplished by backliighting the black and
white records and photographing them with a camera containing either
positive {Ektachrome-X) or negative (Kodacolor, Ektacolor-S) film.
Filters are interchanged on the camera lens for each exposure of a
black and white record. A camera, such as a Mamiya RB-67 2-1/4 x
2-3/4 in. SLR that is capable of triple exposure is ideal for this
work.

CONTRAST ENHANCEMENT

Increasing the contrast of a color composite may increase the
viewer's ability to distinguish detail more readily and note color

16



Yy Yy vy

L C LY | [ M ] -Printing filter

R -Negative B & W record

R G
. -Printed one at o time _
’ in register

-Color print paper
{ + colorpring)

Figure 9. Infrared Ektachrome Rendition from Additive
Printing of Negative Black and White Records
onto Color Paper

differences between objects which reflect nearly similar amounts of
radiation bands. This can be accomplished in several ways:

a. By photographing a color image (e.g., an IR Ektachrome aijr
photo or an ERTS color composite) with a high-contrast color film such
as Ekco photomicrography color film 2483.

b. By taking separations from an IR Ektachrome file and developing
them to a high contrast. The high-contrast separations are then com-
bined by additive viewing or printing.

c. By contact printing black and white positive records onto a
high-contrast color material such as Diazo and registering the Diazo
images to make a high-contrast color transparency.

Contrast Enhancement Using Photomicrography
2483 Film

Photomicrography is the use of a high-contrast Ektachrome film
that is balanced for daylight and capable of very high resolution.
Used in conjunction with a macro lens for c¢loseup photography, it is
extremely useful to the remote sensor for producing highly detailed
images of a small portion of an air photo or ERTS image. In addition,
the high-contrast color rendition often enhances small color differ-
ences. The film is available in 135 magazines of 36 exposures and
4 x 5 in. sheets. The film's principal disadvantage is its slow speed--
ASA 16; however, this is usually not a problem if closeup photos are
being taken and the camera is mounted on a rigid copy stand. Used in

17



conjunction with an Aristo daylight source and copying at 1:1, nominal
exposure for copying portions of ERTS color transparencies is 1/2 sec
at F/5.6. Figure 10 is a photomicrography enlargement of an ERTS
frame (1:1 on the original 35 mm frame).

Contrast Enhancement from High-Contrast
Separation Records

Black and white high-contrast negative separation records may be
obtained from an IR Ektachrome air photo or from an ERTS color compos-
ite, using EKCO high-contrast copy film 5069. This film is a high-
contrast panchromatic black and white film of high definition and is
available in 135 magazines. When cbtained, the separation negatives
can be contacted onto a continuous tone sheet film, such as Plus-X,
to obtain positives. These can be used in the additive viewing or
printing techniques. The process of obtaining high-contrast positives
can be carried furtrer by contact printing the negatives onto a line
film, such as EKCO Ortho Type 3 or Professional Line Copy. This
results in a positive black and white record which contains either a
dense black image (nu radiation return) or a completely clear image
(high radiation return). This "yes-no" quality of the record is
called (by the authors) a binary slice. If each binary-sliced re-
cord (IR, G, R) is colored by additive printing or viewing, there
will be a maximum fixed number of tonal classes in the scene. Table
6 outlines the possible combinations for binary-sliced IR, G, R re-
cords. Figure 1ia is an enlargement from an ERTS color composite with
no enhancement; Figure 11b is a binary of the same image.

Contrast Enhancement Using Diazo

This process is perhaps the simplest and most effective enhancement
process. Diazo is a nonsilver ultraviolet Tight-sensitive positive
material available in many colors, including red, green, blue, cyan,
magenta and yellow. It is a high-contrast material that is easily
developed in an enclosure containing ammonia vapors. If a positive
black and white record is contacted or printed with this film, it will
yield a positive color rendition. This makes it particularly useful
for the construction of color composites from black and white positive,
bulk-processed ERTS transparencies. If only the IR ERTS and the R
ERTS records are used, the final transparency will be approximately
equal to the color composite produced by three records {IR, R, G)

The detail retuined by this process is easily equal (in the
authors' opinions) tu that of the EROS paper color composite, and in
some cases, detail is added. To produce the IR Ektachrome rendition
of an ERTS image, the following steps are necessary:

a. The IR record is contact-printed with a piece of cyan Diazo
and developed.
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Figure 10a. Copy of Champaign-Urbana
Area from ERTS Color
Composite Unenhanced (Map 3)
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Figure 10b. Copy of Champaiagn-Urbana Area from ERTS
Color Composite, Using Photomicrography
(Map 3)
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return of radiation



Figure 11a. 1:1 Copy of Champaign-Urbana Area from ERTS
Color Composite, Unenhanced (Map 3)



Figure 11b. Binary Sliced Composite of the Same
Image as in Figure 1la (Map 3)
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b. The R record is contact-printed with a piece of red diazo and
developed.

c. The two images are registered and taped. This step is rel-
atively easy, since registration marks are part of the ERTS images.
To insure proper exgosure of the fine registration crosses, it is
sometimes helpful tc tape a small piece of paper over the registration

mark on the back sids (toward the light source) of the black and white
records.

Very 1ittle experimentation is necessary to obtain proper exposure
of each image, and the process is inexpensive (20¢ per Diazo sheet).
Figures 12a and 12b are enlargements of a two-color Diazo composite.
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Figure 12a.

Approximately One-Third of an ERTS
Frame of St. Louis, Missouri, Area,

Copied from EROS Color Composite
(Map 5)



Figure 12b. Close-Up of the St. Louis, Missouri,
Area from a Diazo Color Composite

(Map 5)

26



3 INTERPRETATION TECHNIQUES

INTRODUCTION:

There are two approaches for interpreting the ERTS images: a
manual-photographic system, which could be used to record data in a
format convenient for computer mapping., and a digital interpretation
derived from statistical analysis of an ERTS tape.

MANUAL INTERPRETATION

A fairly simple interpretation system was devised that was capable
of using 35-mm copies of ERTS imagery or 35-mm copies of enhanced ERTS
imagery. The system was built around an easily built projection unit
(Figure 13). Within this system, raw maps can be constructed or cur-
rent maps can be updated. The projector is free to slide within the
projection unit, thus allowing a2 wide range of enlargements. For ex-
ample, if an urban area appearing on an ERTS image {1:1,000,000) is
approximately 1/2-in. square in area, is copied at 5X magnification,
and is projected to a 10x enlargement, it will be more than 20 in.
square. By using this projection unit, imagery of different dates,
scales, and formats can be compared, overiain, or projected.

The approach to this interpretation was based on the concept of
separating the image into regions of homogenous tones. The operator
first viewed the projected image on the drafting paper and tried to
separate a standard set of tones within the image. Use of 8 x 10 in.
filters™ on top of the projection paper aided in distinguishing a set
of tones and later in discriminating between similar tonal areas.

Two recording mechanisms were chosen: one to pencil out and code
areas on the drawing paper from which a simple outline map could be
made; and one to record the tones on a gridded sheet either by striking
out and labeling cells containing similar tones or by color coding
them. The first format may be accomplished rapidly but presents pro-
blems in determining boundaries between two different tonal areas.

The second fo.mat uses a cell sampling scheme and reduced the problem
to one of border discrimination. The interpreter determines the dom-
inant tone of every cell and assigns the code to each.

An important advantage of the cell or grid sampiing interpretation
method is that the resulting coded interpretation can be keypunched
and processed further by computer. Although card coding and punching
is a tedious operation for large maps, the effort is justified. Many
sets of computer maps can be easily printed by the machine, and several

Edmund Scientific Corp., Catalog #70638.
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Figure 13. Throwback Projector Interpretation System
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manipulations of the data matrix are possible. (These are discussed
in greater detail in the interpretation results section.)

Since 1ine-printed maps were the end product, the gridded sheets
used to sample the image were designed so that the cell sizes were
compatible to the computer line-printed output. Appendix B contains
the program for producing these grid sheets and instructions for using
it.

This system may be used in either mapping mode, is easily operated,
and has considerable flexibility. It is both inexpensive to set up and
economical to use.

MACHINE-PROCESSED STATISTICAL
INTERPRETATION

Classification of ERTS digital tapes was carried out as an alter-
native to the manual methods of interpretation. Training fields were
selected and a statistical cluster analysis was performed on training
field data. A discrimination Tunction arranged the data of the entire
image into the number of classes determined by the cluster analysis.
This was completed for the digital data of the scene used in the manual
interpretation method.

INTERPRETATION RESULTS

A portion of an ERTS image was tonally analyzed with the manual
method by using a high-contrast color photomicrography, 35-mm copy of
the Lake Decatur area (Figure 14). Since tonal boundaries were more
readily apparent and easier to determine, the color photomicrography
was used with the gridded sampling scheme. Figure 15 is a color-coded
photographic reproduction of the grid sheet. Several attempts at deter-
mining distinguishably separate tones resulted in nine tonal classes
being used to map the image. The color-coded grid sheet was converted
to digital data and processed by a computer mapping program (Appendix
C contains the program's instructions and listing). Another option of
the program is to print a map showing each class individually. This
is invaluable for correlating the tonal regions to collected ground
truth or for comparison with underflight imagery.

Appendix C illustrates the class at a time tonal classification
and shows the line-printed classified map and the frequency (area)
statistics associated with each class. Figure 16 is a tentative
“truth table" for each tonal region. Since no ground truth evaluatien
applied to the project, comparisons of the tonal regions were made
using underflight imagery (Figure 17). Since the area of the test
encompasses about 1/200 of the area of an ERTS frame, the details
recorded by this method are impressive.
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Figure 14. Color Photomicrography 35-mm Copy of ERTS Imagery
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Figure 15. Color-Coded Grid Interpretation
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CLASS SYMBOL FREQUENCY AREA(SQ MI) AREA(P.C.) CLASSIFICATION
1 i 579 0.09 7.5 Hater
2 === 412 0.06 5.4 Concrete (Runways, Parking Lots,
zZZ Interchanges)
3 $$$ 48 0.01 0.6 Vegetation (Swampy Areas, Vege-
tation mixed with Water)
4 uGo 2023 0.32 26.3 Vegetation (Grasses associated
000 3! >
000 with Parks, Golf Courses,
Residents)
5 4 1989 0.31 25.9 Open Space (Bare Soil or Cindered
I Lots)
g04 R . .
6 000 125 0.02 1.6 01d Residential (Mixture of Vege-
aTas) tation, Roof Tops and Streets)
200
7 2120 99 0.02 1.3 Industrial (Large roofed-over areas,
22 gravelled Tots)
8 ggg 170 0.03 2.2 Vegetation (Dormant Grasses and
Stubble Fields)
868
4]
9 1] 2235 0.35 29.1 Vegetation (River Bottom Vege-
gaa tation and some Crop in Rural

Areas
7680 1.20

Figure 1€. "Truth Table® for the Tonal Regions Used in Appendix C
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Fiqure 17. Underflight Image of the Decatur, I1linois, Area



Figure 18a. Color-coded Composite of the Classification Indicated
in Figure 16 (Classes are indicated on the following
one-ciass-at-a-time displays--Figures 19b through 19q.)
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Figure 18b. Display of the Blue Classification (Water)
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Figure 18c. Display of the White Classification (Bare Soil:
Ploughed Fields, River Banks)
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Figure 18d. Display of the Green Classification
(River Bottom Vegetation)
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Figure 18e. Display of the Black Classification (Mixture of Vegetation
and Residence and Bare Soil in Rural Areas)
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Figure 18f. Display of Red Classification /Concrete:
Highways, Runways, Industrial)



Figure 18g. Display of the Grey Classification (Drying
Vegetation: Grasses and Stubble Fields)
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Figures 18a, b, ¢, d, e, and f show the digital classification of
the ERTS tape. Fiqure 18a is the color-coded composite of the ciassi-
fication. Each "class-at-a-time" display was generated by a line-plot-
ter (Calcomp) and used as a paper negative to make a Djazo color
positive. These were placed in register to obtain the color-coded
classification.

The "class-at-a-time" display enables a much clearer comparison
of the classification to underflight imagery or ground truth. 1In
this experiment, six groupings appeared to match the manual digitized
imagery well. Although some redundancy occurs in the manual inter-
pretation, it is insignificant since three urban classes (Figure 16)
can be combined into a single class and the in-water vegetation com-
prises such a small area. On the digital interpretation, this latter
class (vegetation) is seen as part of the group reflecting open space
and bare soil. This seems reasonable for an area which consists of a
mixture of vegetation (high IR return) and water {little or no IR
return). The manual interpretation can then be viewed as a classifi-
cation consisting of essentially six classes,

Comparison of the two interpretations shows considerable similarity.
The principal discrepancy is lack of continuity in the manually inter-
preted maps in comparison to the digital maps. Highways, airport
runways, and interchanges are much more consistent on the digital maps.
This is pavrtly due to the small cell (pixell} size of the digital
interpretation. The greater degree of spatial detail of the digital
classification is of considerable advantage; however, the manual inter-
pretation is detailed enough to be useful.
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4 CONCLUSIONS

When considering the advantages of manual over digital interpre-
tation, such as Tow -:ost, the input of the decision-making process by
the interpreter, and the flexibility of the system to update and com-
pare other maps, it may be conciuded that an optical processing system
can be effectively uscd to monitor small regions contained in an ERTS
Tmage. Figures 19 through 23 show the system's effectiveness in de-
picting seasonal variations.

A compliete comparison between optical processing and machine pro-
cessing techniques canrnot be made without comparing the interpretations
obtained from both methods to ground truth evaluations. This compari-
son will be made in a continuing study, using the Clarenance Cannon
Reservoir in northeistern Missouri where construction has already
begun. The Corps of Engineers has acquired extensive ground truth over
the surrounding area, which will enable more realistic evaluation of
the effectiveness of optical enhancement and manual interpretation
techniques. The angoing construction and eventual Ti11ing and opera-
tion of the reservoir will provide an excellent situation for change
detection analysis.
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Figure 19. Portion of 23 February Color Composite (Map 4)

Figure 20. Portion of 24 May Color Composite (Map 4)
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Figure 21.

Portion of 11 June Color Composite (Map 4)

Figure 22.

Portion of 21 August Color Composite (Map 4)
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Figure 23. Portion of 2 October Color Composite (Map 4)



APPENDIX A

Generalized Areas in I1linois Corresponding
to Image Coverage Contained jn This Report
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Bepartamat of Coography Umivpruiy
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APPENDIX B
Computer Program to Produce Calcomp-drawn

Grid Sheets for Use in Throwback
Projector Interpretation
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