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PREFACE

This report covers the contract period from May 1, 1973 to Jduly 31, 1975.
It fulfills the requirements of the original and ammended Statements of
Work and Article X concerning the reporting of work accomplished on
NASA Contract NAS9-13364, "Evaluation of Satellite Imagery as an Infor-
mation Service‘?EF“TﬁVéﬁ%orying Land Use and Natural Resources. Due to
delays in the receipt of data, actual work did not begin before Septem-
ber, 1973, with full staff committed by February, 1974. A major addi-
tion to the original Statement of Work included a User Needs Survey.
This survey was conducted from August, 1974, to April, 1975. The re-
maining technical data and discussion contained herein pertains to the
analysis of 'Skylab data and its utility for inventorying land use in
New York State.
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ABSTRACT

S190A and S$1908 Photography from the SL3 Skylab Mission was evalu-
ated for possible applications in inventorying land use and updating an
existing New York State land use inventory (LUNR). Three sites were
evaluated: Finger Lakes-Tompkins County, Lower Hudson Valley-Newburgh,
and Suffolk County-Long Island._

Special photo enhancement processes were developed to standardize
the density range and contrast among S190A negatives. Enhanced black and
white enlargements were converted to color by contact printing onto diazo
film. A CIE Color Prediction Model was developed to automate the selec-
tion of color composites. This model related the density values on each
spectral band for each category of l1and use to the spectral properties
of the various diazo dyes. Combinations of spectral bands, diazo.hues,
and diazo exposures were selected so as to maximize the color contrast
among Tand use categories being examined.

The S190A multispectral system proved to be almost as effective as
the S190B high resolution camera for inventorying land use. Aggregate
error for Level I averagea about 12 percent while Level II aggregate
error averaged about 25 percent. X

The S190A system proved to be much superior to LANDSAT (ERTS) in
inventorying land use, primarily because of increased resolution. However,
the S190A spectral information is not equal to LANDSAT in the infra-red
bands. When the S190A is compared to the S192, the evidence suggests
that carefully selected narrow spectral bands would be superior to the
broader bands used on the S190A system.

A user needs survey was conducted to determine the land use informa-

tion needs of various planning agéncies in the state. Particular empha-
sis was placed on needs which might be filled by remote sensing systems,

viii



including satellite data. Possible applications of satellite data at
Tocal, town, and county levels were limited; however, the number of
potential applications and users increased considerably at the regional
and state levels.

Final discussion centers on a need for greater concern in classifi-
cation ‘theory and how it relates to Tand use category definitions. Par-
ticular emphasis is also placed on the need for more technology trans-
fer din the area of remote sensing and on the need for continued support
of Tow cost analysis systems for evaTuatiﬁQ sateliite and other remote
sensing data.

ix



1.0 INTRODUCTION
1.1  Objectives and Scope of the Study

This study was undertaken to evaluate the use of. Skylab EREP
photography as a data source for updating existing land use inven-
tories. Primary objectives included:  the development of manual
enhancement and interpretation procedures which are low in cost
both in terms of capital investment and data analysis, and easily
adaptable to situations requiring low technology. At the same time,
information had to be produced with a high degree of accuracy for-
matted to meet the needs of most users.

Photographic data from the SL3 Mission was compared directly
to the'New York State Land Use and Natural Resources Inventory (LUNR
This inventory was compiled from 1968, 1:24,000 scale, black and
white air photos for up to 55 different land use classes. The LUNR
data products inciuded drafted maps with curvilinear boundaries
circumscribing each land use. A HUniversal Transverse Mercator (UTM)
grid system was then superimposed on these curvilinear figures which
approximate polygons. The problem of updating such a detailed inven-
tory was similar to trying to match polygons from two different data
sources, each having a different set of parameters defining their
respective polygons. These parameters included different sensor
systams, scale and category definitions.

There are a number of difficulties encountered when attempts
are made to duplicate previously designed classification systems.
Most frequently,“there is inadequate documentation of the procedures
previously used to allow for accurate comparison. This was not a
severe problem in the case of the LUNR inventory, as it was well
documented, and a number of the technical staff from the LUNR project
were available for work on this research project.

A

Duplicating a previously designed inventory is a very different
procedure from the more usual time-lapse analysis approach used to



measure changes in land use. In time-lapse analysis of air photos,
the physical characteristics of the sensor is the same for each time
period. Usually the analysis is in relation to specific types of
changes with knowledge that both periods of photography will display
the desired information. )

When different sensor systems are used, as was the case for this

research project, the classification must be modified in relation to
the physical characteristics of the sensing devices. (Anderson, Hardy,
Roach, 1972). Full recognition of the capability of the physical
properties of a sensor is essential for any classification system.
And in Tike manner, if two or more sensor systems are to be employed
in relation to each other, the differences in their physical proper-
ties must be recognized as a factor in determining suitable classifi-
cation systems to use. A more complete discussion of these relation-
ships is found in Section 7 of this report.

Before final interpretation procedures were defined, special
photographic enhancement steps were developed to balance the contrast
and density range of the S190A multipsectral array. These steps were
refinements of procedures developed by Phillips (1974) for processing
LANDSAT (ERTS) dtta. In éddition, a method was developed to standardize
and automate the selection of color diazo film composites to enhance
various land use categories. This method used a CIE Color Prediction
Model which quantitatively related selected black and white density
values from enlarged spectral bands to the spectral properties of the
diazo films. It then chose combinations which maximize the color
contrast among selected densities. In this way, colors on composites
- were related to various sbectral categories.

ia



Finally, an indepth survey was conducted to determine the informa-
tion needs of various users of Tand use data of New York State. Both
questionnaires and personal interviews were employed. Emphasis was
placed on. the kinds of data presently being used, requirements for new

or updated information and the potential of satellite data to meet some
of their needs.

1.2 Description of Test Site Areas

Three test sites were chosen in New York State to include very
diverse land use patterns. The three test sites included: Tompkins
County-the City of Ithaca in the Finger Lakes Region, the Lower Hudson
Valley-the Cities of Newburgh and Kingston, and Suffolk County-Long
Island.

fhe Tand use patterns in New York State are a patchwork mixture of
urban, rural residential, agriculture, and forest. Except in major
urban areas or very rural regions, there is 1ittle uniformity of land
use. In addition, even agricultural patterns tend to be small with
many fields of 10 acres interspersed with forest, brushland, or rural
residential. This contrasts dramatically with land use patterns in
the midwest and western United States where large, uniform expanses of
a single land.use are much more common.

1.2.1  Tompkins County-Ithaca

The 600 square kilometers which are in the Tompkins County test
site are located between the UTM Lines 4690000m N. - 4720000m N. and
360000m E - 380000m E. This area is in the northwest corner of Tompkins
County which includes the city of Ithaca and the southern tip of Cayuga
take. The topography of the area has moderate relief with rolling hills
in the upland areas and the Cayuga Lake basin in the valley. This region
is shaped primarily by glacial action with some steep gorges, ravines,

and hanging valleys. 2



The soils of this area are formed mostly from glacial till and
the influences of the underlying bedrock. The depth to bedrock is
generally shallow in the upland areas and consists of sedimentary rock
such as, Timestone, sandstone, and shale.

The ctimate is a humid continental type which is similar to the
rest of New York State. -The forest type is an upland northern hardwood
which is mixed with coniferous species in the steep valleys. Most of
the land was cleared for agriculture and much of it has returned to
second and third growth woodlots. One of the main land uses is agri-
cultural, especially dairy farming, even though the agricultural via-
bility is from low to moderate. There are all stages of plant succes-
sion evident from fallow fields to emerging brushland and young forest
regrowth. This is a reflection of the trend toward fewer active farms
in the region.

The Ithaca city area has a population of approximately 30,000 with
many small suburbs and villages in the surrounding region. The main
industry of the city is education and research, although the area is
generally a rural agricultural region.

1.2.2 Lower Hudson Valley-Newburgh

The 400 sqﬁare kilometer Lower Hudson Valley test site is defined
by UTM Lines 4590000m N.~ 4610000m N. and 570000m E. - 590000m E. The
area includes the city of Newburgh, Stewart Air Force Base and a portion
of the Hudson River. The topography is of low relief and has underlying
bedrock that varies from slate and schist to shale and sandstone. The
soils and drainage offer only fair to poor agricultural viability but
much of the land is used for dairy, fruit and some vegetable farming.
A considerable amount of land is currently in different stages of regrowth
from fallow fields to brushland and young forest woodlots, as this area
shows a trend to fewer active farms.



The natural vegetation is a mixed northern hardwood forest with
coniferous species included in the steep valley areas. The climate
is similar to the rest of New York State's humid continental weather
patterns.

The city of Newburgh has a population of approximately 30,000,
viiich does not reflect all of the suburban developments around the
city and near Stewart Air Force Base. The city is a small industrial.
area and the rural areas still-maintain a fair amount of agriculture,
particularly dairy.

1.2.3 Suffolk County-long IsTand

The 600 square kilometer test site in Suffolk County, Long Island
is located between UTM Lines 4510000m N. - 4540000m N. and 680000m E. -
700000m E. This area is a cross section of the island, which includes
the city of Riverhead and several smaller residential communities on
the south shore of the island. The topography is a very low relief
formation of the Atlantic Coastal Plain, with two sandy morraines run-
ning the Tength of the island. These .unconsolidated sands and gravels
are shaped on the south shore into the characteristic barrier beaches,

E]

‘sand bars and bay areas.

The soils have good drainage and respond well to both fertilization
and irrigation. The coastal climate, which has .adequate precipitation
and a Tong growing season, provides a potential for two crops per year.
These characteristics and close proximity to the New York City market
promote intensive and very specialized vegetable, frui%, and sod farms.

The natural vegetation includes regions of mixed hardwood-oak forests,
pitch pine-cak forests, and the low brushland species characteristic of
the sand dune habitat.

Although the area is largely a residential and recreational suburb
of New York City, there is still .a fair amount of land which is intensively



managed for agricultural uses. Two large airfields are also evident
in this area: Suffoik County Air Force Base and Grumman Aircraft
Engineering Corporation airfield.



2.0 METHODOLOGY

The development of the methods described in this section began
after the completion of the Final Report - "ERTS Evaluation for lLand
Use Inventory," (Hardy, Skaley, Dawson, Stevens, 1974) NASA Contract
#NA85—21886.* This report outlined in detail a two-step enlargement
process necessary to produce muttispectral enhancement on the: low con-
trast ERTS imagery. The SL3-S190A photographic products were of a higher
contrast and a one-step photographic process proved more efficient and
effective for a multispectral enhancement system. The following sections
will explain in detail the procedure by which a one-step enhancement
system is constructed for operation in a conventional darkroom.

A further consideration for the SL3-S190A enhancement was to choose
a scale of photographic enlargement which would be inexpensive, easy
to handle and repeatable. The S190A photographic products were enlarged
to the 1:250,000 scale to minimize the cost of the photographic proce-
dure, as it would cost 16 times more in materials to go directly to the
1:62,500 scale. Also, the Togistics of brocessing and handling dictated
the use of a smaller scale and a projection technique to enlarge the
color composites to the desired scale (1:62,500). The overhead projector
and backlighted screen technique proved very adaptable to testing various
scaies and enlarging the other original S190A and S190B products.

The development of these techniques and the color composite selection
process will be elaborated upon in the following sections. Some mention
will also be made of tests on the S190B film products and subsequent
enlargement procedures.

The following three téb1es and one figure state the specifications
of the S190A, S1908, and $192 sensor systems for reference to discussions
in the following sections.

*Agency: Cornell University, Department of Natural Resources, New York
State College of Agriculture and Life Sciences. Available as a NATIONAL
TECHNICAL INFORMATION SERVICE Publication #N7327248.



TABLE 2.0.1 - A11 S190A photographic products usable over New York
State are from the SL3 Mission at scales of 1:2,850,000
and approximately 1:712,500, a 4X enlargement

S190A

-, Filter, Band Pass Film Type
Station Filter Micrometers Eastman-Kodak Company
1 cC 0.7 - 0.8 - EK 2424
(B&W infra-red)
2 DD 0.8 - 0.9 EK 2424
- (B&{ infra-red)
3 EE 0.5 - 0.88 EK 2443 -
(Color infra-red)
q FF 0.4 - 0.7 - S0 356
(Hi resolution color)
5 BB 0.6 - 0.7 SO 022
(Panatomic-X B&W)
6 AA 0.5 - 0.6 S0 022

(Panatomic-X B&HW)

TABLE 2.0.2 - A1l S190B photographic products usable over New York
State are from the SL3 Mission at scales of 1:950,000
and approximately 1:475,000, a 2X enlargement.

Si90B
Film Type Hratten Filter, Band Pass
Eastman-Kodak Company Filter Micrometers
S0 242
(Hi resolution color) ‘None 0.4 - 0.7
EK 3414
(Hi resolution B&W) #12 0.5 - 0.7
* EK 3443
(Infra-red color) #12 0.5 - 0.88




RELATIVE SENSITIVITY

PERCENT TRANSMITTANCE

FILM S0-022 FILM 2424
450 560 5:50 600 650 700 750 800 850 900
NANOMETERS !
100 - .-...---l-------------I--------u--m
sat i
6of
40t 1
FILTER BB FILTER DD
2Qr
O L ' 1 A ] 1
450 500 550 600 650 700 750 800 850 900
RANOMETERS

FIGURE 2.0.1 S190A film sensitivity and filter transmittance.



TABLE 2.0.3 - 5192 Multispectral Scanner Configuration

$192

Band Wavelength

Number Micrometers
1 0.41 - 0.45
2 0.44 - 0.52
3 0.49 - 0.56
4 0.53 - 0.61
5 0.59 - 0.67
6 0.64 - 0.76
7 0.75 - 0.90
8 0.90 - 1.08
9 1.00 - 1.24
10 1.10 - 1.35
1i 1.48 - 1.85
12 2.00 - 2.43
13 10.20 -12.50




2.1 Photo Enhaﬁcement and Processing of S190A Photography

The photographic processing procedures for the S190A are outlined
briefly with the flow diagram in Figure 2.1.1. This one-step enlargement
process from the original 70 mm negative film (scale of 1:2,850,000) to
a film positive (scalé of 1:250,000) involves a test procedure to deter-
mine the density range of the original. From the experimental data,
the correct 7ilm, developer and development time can be calculated to
bring each spectral band {Filters AA, BB and DD) to the same density
range. This desired density range is determined by the Log exposure
range of the color diazo film, so that the resulting color composite will
contain the largest possible density range for the best color separation.
The density range of the contact negative film (scale of 1:250,000) is
the same as the positive but in a nearly reciprocal relationship. These
three spectral bands, both negative and positive, are then duplicated
in contact with the direct positive-forming diazo films of cyan., magenta
and yellow. The three subtractive color films of cyan, magenta, and
~ yellow can be combined from various spectral bands (positive and negative)
to form a wide range of possible colors.

GAF diazo film was comparad to three other manufactured films and
was selected on the basis of the spectral curves of the dyes for cyan,
magenta and yeliow. The Logvexposure range equals approximately 1.0 for
all three films. Therefore, the black and white film which is contact
printed onto the diazo film should have a density range of 1.0 (excluding
clouds). This will maximize the density range on the color diazo film
by using the straight Tine portion of the characteristic curve (density
vs. Log exposure). A quadrant diagram iliustrates the relationships
between the characteristic curve of the contrast corrected black and white
film, the characteristic curve of the diazo film, and the color repro-
duction (see Figure 2.1.2).

It is, therefore, necessary to be able to correctly choose a film,
developer, and development time that will result in an enlarged positive
film with a dgﬁsity range of 1.0 for each of the three spectral bands.

10
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The first step is to determine the density range of each spectral band
negative. This can be done by direct diffuse densitometer measurement

if the areas are of sufficient size to accurately measure, or experi-
mentally by projection printing on Kodak Polycontrast paper. Use any
polycontrast filter necessary to achieve a "normal” print, which contains
detail in the "shadow" and "highlight" areas. As indicated in the quad-
rant diagram, a "normal" print results when the density range of the
original is approximately equal to the Log exposure range of the paper.
Therefore, when we have & "normal" print, we can use the known polycon-
trast filter Log exposure range to approximate the density range of the
original. For example, if we find that a Polycontrast #3 filter produces
a "normal" print and the Log exposure range is 0.85 (see Table 2.1.1),
then the g@riginal can be assumed to contain a density range of approxi-
mately 0.85 for that particular spectral band.

TABLE 2.1.1 -- The contrast paper necessary to make a normal print
indicates the Log exposure range of the film that is
\ required for a density range of 1.00.°
'KODAK GLOSSY KODAK GLOSSY LOG EXPOSURE LOG EXPOSURE RANGE
POLYCONTRAST CONTRAST RANGE OF REQUIRED TO PRODUCE
PAPER WITH GRADE PAPERS KODAK PAPERS FILM OF 1.00
PC FILTERS DENSITY RANGE
0 1.50 1.50
PC 1 1 1.25 1.25
PC 13 1.15 1.15
PC 2 ‘ 2 1.05 1.05
PC 2 0.95 0.95
PC 3 3 0.85 0.85
PC 3% 0.75 0.75
PC 4 4 0.70 0.70
) 0.55 0.55
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This information can be used to determine the film, developer and
development time by matching the Log exposure range of the paper {or
density range of the original) to the Log exposure range of a black and
white film. As a first step, however, it was necessary to experimentally
determine the characteristic curves of several films, developers and
development times by exposing a #2 Kodak density step wedge in contact
with a film and then develop it for a standard time. This procedure is
continued on the same film type while varying the development time and
developers for subsequent test strips. Several films and developers were
tested to produce a wide selection of Log exposure ranges for different
situations. The densities of the step wedge (Log exposure range) were
plotted vs. the film densities and a series of characteristic curves
are illustrated in Figure 2.1.3.

Each characteristic curve was measured to determine the Log exposure
range between the film densities of 0.30 and 1.30 (see Figure 2.1.4).
This was done to keep the enlarged film densities on the lower straight
line portion of the curve and to avoid compressing information on the "toe"
of the curve. This data was condensed into a graph of Log exposure range
vs. development time, such that each film type has a family of curves for
each developer tested (see Figure 2.1.5).

From the above described system, the Log exposure range necessary
for a "normal" print can be determined for a negative of unknown density
range. This same Log exposure range indicates the film, developer and
development time necessary to produce a positive film with a density
range of 1.0, between 0.3 and 1.3. The black and white positive film
(1.00-density range) is then contact printed into a negative film format.
However, the test procedure is not necessary because the negative film,
developer and development time can be chosen knowing that the positive
film has a 1.00 Log exposure range {(1.00 density)}. This will produce
a negative with a 1.00 density range and a nearly reciprocal relationship
to the positive film.

The following example contains the data necessary to produce
Figure 2.1.6.
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FILTER AA FILTER BB FILTER DD

NEGATIVE NEGATIVE NEGATIVE
Polycontrast Filter
("normal” print) PC 3% PC 3 PC 2
Log Exposure Range .75 .85 1.05
Film Blue Sensitive Masking Film #2136
Developer D-11 D-11 D-11
Development Time ~= 8 min. 6 min. 3% min.

The resulting positive films (1.00 density range) are all contact
printed onto Blue Sensitive Masking Film and developed in D=11 for
4 minutes to produce reciprocal negatives. It is important to note
that test prints (and films) never match in individual areas exactly
because of different spectral information. However, the prints should
"match" in the ‘sense that each print overall has the same aensity range °
(see Figure 2.1.6}. Data represented in the preceeding discussion are
from experimental tests with Kodak fiims, papers and chemicals.

It is necessary to calibrate the system for each darkroom because
of differences in chemical batches, film lots, processing conditions,
agitation methods, enlarger optical contrast, and even such variables
as water quality can produce significant variations from the specific
data shown above. The above tests were carried out using a Leitz enlarger
with a Focotar Leitz 1:4.5/50 Tens at f11. A1l development was performed
in trays at 70°F with continuous agitation and fresh developer.

It is entirely possibie and feasible to use other products of
known quality and characteristics to produce the data for this system.
This would be desirable for imagery or photos that have inherently Tow
contrast and require a higher contrast than the Polycontrast system offers.
The other possibility for a very low contrast spectral band would be to
repeat the above procedure in two steps to achieve the desired density
range of 1.0 (0.3 - 1.3).
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When a set of spectral bands are being enlarged into several black
and white films, all from the same original negatives, it is only neces-
sary to test each band once. Then all enlarged sections will have the
same processing procedure and the resulting color composites will main-
tain continuity from one area to another.

2.2 Comparative Processing of ERTS-1 and Skylab Multispectral Photography

An attempted comparison between Skylab S190A and ERTS-1 imagery of
the same area on the Hudson River was performed using images collected
within 21 days of one another. The ERTS imagery,including Bands 4, 5,
and 7, was taken on August 30, 1973 (Accession No. 1403-15120). The
general procedures followed included a two-step enlargement process as
described in the Final Report - "ERTS Evaluation for Land Use Inventory,"
(Resource Information Laboratory), 1974, NASA Contract #NAS5-21886. This
two-step process allowed the generally low contrast ERTS imagery to be
corrected to an acceptable contrast and density range for diazo composite
printing. The processing followed the one-step procedure previously
described. The original S190A negatives were collected by SL3 Mission
on Rolls 44, 47 and 48, Frame 236 from September 19, 1973.

The resulting S190A color composite showed a remarkably close cor-
relation to the ERTS composite of the same area, as can be seen in the
simulated color IR scenes protrayed in color photo Figure 2.2.1. To
obtain the desired color balance, it was necessary to "match" all test
prints between spectral bands, as previously described, and also band
to band between S190A and ERTS-1 imagery to insure equivalent results.

The ERTS-1 and Skylab S190A comparison, as represented in color
Figure 2.2.1,consist of all positive films in the combination of Filter AA
(band 4) in yellow, Filter BB (band 5) in magenta, and Filter DD (band 7)
in cyan. The Skylab S190A composite includes a cloud and shadow which
is not present in the ERTS-1 scene.
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FIGURE 2.2.1

A comparison of Skylab S190A and ERTS-1 color composites

for the Lower Hudson Valley, New York at a scale of
1:250,000.
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2.3 Comparative Enlargement Techniques for S190B Photographic Products

2.3.1 Color Separation Techniques on Color and Color IR Films.
Color separation techniques were conducted to produce low cost color
enlargements and test diazo films for color separation materials. Seve-
ral experiments were conducted using 1) NASA supplied duplicates from
the High Resolution Color Film (Rol11 88, Frame 277) and 2) NASA supplied
duplicates from the Infra-red.Color Film (Roll 87, Frame 299).

Portions of the duplicates were selected and enlarged to a scale of
1:24,000 (and later to 1:48,000). The steps discussed below were the

same for both Color and Color Infra-red Films and no photographic masking
techniques were used on either film.

The procedure is best outlined diagramatically:

bl Masking Film

Color or
Color
Infra-red
: NS
Wratten
Filters " Blue | 47-B Green| 61 Red] 29
(1) i 20 T
Enlarged __ 6X Enlargements
Negatives on Kodak
Super XX Film
(2) __l__ __JL— MR
Enlarged __ 6X Enlargements
Positives : on Commercial
I I or Blue Sensitive
M

Diazo

Positives ¥

Color Composite =

(1) Before the separation negatives were made, additional negatives were
projection printed with a gray scale through each filter to determine the



correct exposure and development time for the individual negatives.

(2) Before printing the enlarged positives, test prints were made on
Polycontrast Rapid paper with no filter to check the final exposure
balance needed. In general, Kodak Commercial or Blue Masking Film was
used.

Current results indicate that 1:24,000 enlargements from the furnished
color materials falls short of the sharpness desired for easy interpreta-
tion. However, 1:48,000 enlargements produced the same way were usable.

In an attempt to correct the color imbalances found in the magenta
dye used in the diazo process and at the same time to give modest control
of the contrasts in the original, further experiments were conducted with
a single mask over the original before the separation negatives were made.
The transparencies were mounted in a printing frame in contact with Kodak
Pan Masking film and exposed with Tight from the enlarger through filters
#33 and #81EF. "Unsharp" masks were produced using Kodak's .003 inch
Kodapak Diffusion sheet. (Emulsion and diffusion layer always faced the
light source). Maximum density of the mask was .45.

No trouble was encountered with registration. The results produced
a slight improvement in the final composites but were deemed too slight
for the additional steps involved. However, if strong enhancement of
small areas on color enlargements is desired in the future, the single
masking procedure holds considerable promise. Further enhancement by

means of Highlight Masks and Multiple Color Masking may hold additional
promise.

Figure 2.3.1 compares the False Color IR color composite (scale of
1:48,000),from the above described method, with a S190A color composite
of the same area (Hudson Valley, New York) at a scale of 1:250,000.

2.3.2 Experiments Using Agfa Contour Film. Because a few other
experimenters had reported some success with Agfa Contour Film, it was
deemed advisable to investigate the possibility of this unique film's
usefulness in conjunction with the diazo process. The experiments were
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FIGURE 2.3.1

False Color IR color composite (S190B), at a scale of
1:48,000, compared to the S190A color composite at a scale
of 1:250,000, for the same area around Newburgh, New York.
The S190A composite consists of band BB+ cyan, band BB-

magenta, and band DD- yellow.
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carried out using both the positive and negative black and white dupli-
cates from the 5" x 5" High Resolution camera, Roll 85, Frame 345. A
small section of the area (at the north end of Cayuga Lake - including
Montezuma muck area) was chosen and reciprocal 3" x 5" transparencies
were made. These in turn were mounted together with a small gray scale
and given a series of exposures - each of which doubled the preceding
one. The resulting contour film was printed both on diazo and on 3-M
Color films.

The results show that although the final color composites are start-
ling and brilliant, their usefulness is Timited by a number of factors:

1) Edge definition is poor, as is common to high contrast film
and high density differences. (Edge, Eberhard, and Kostinsky
effects).

2) There is no assurance that because a portion of the negatives
has the same density, it represents the same type of objects.
Only on very limited areas could one hope for such marked
delineation.

3) The long exposure times needed to properly expose the contour
film negated our objective of easily and quickly obtaining
"hard copy proofs." The only way the time could be reduced was
to use electronic flash equipment and compute the 2-1 exposure
differences on the basis of the inverse square law.

4) Direct use of the NASA material was unpredictable because of
the inherently yellow color of the duplicating film used. In
some cases, this may be a factor of 4 or 5 over a neutral gray
scale. The Agfa Contour film characteristic curve changes with
shifts in the color of the exposing light (or filters).

5) It was also judged that second or third generation derivations
from the contour film might produce better results - but again,
the time factor is involved. Therefore, further experiments
on this film were not pursued.

25



2.3.3. S190B Black and White Enlargements. The S190B black and
white film was photographically enlarged in a direct two-step enlarge-
ment to a scale of 1:24,000. The only photographic correction involved
an increase in contrast of the final image to offset the apparent Tow
contrast due to the extreme enlargement. A small portion of Roll 85,
Frame 345 was enlarged to a scale of 1:24,000 over Ithaca, New York,
and the resulting detail can be clearly seen in Figure 2.3.2.

2.3.4. Ektachrome Duplicating Film 6120. Direct enlarged duplicates
were made with existing equipment from both color and color IR 2X enlarge-
ments of the Newburgh, New York area. Because time was a factor, complete
calibration of our equipment was not possible. However, the color temp-
erature reading of the enlarger appeared reasonable (3000° K). The #211
enlarging bulb was changed to a #212 with approximately twice the output,
the voltage read a constant 122, and a "black tunnel" was built to reduce
reflected flare light from the enlarger support and surrounding objects.

The Ektachrome Duplicating Film (6120) used called for a 10 second
exposure with filter additions of CC 30 Y and CC 20 M. Unfortunately,
the only filters available for immediate use were CC 25 Y and CC 25 M.
Since it often takes some time to secure CC filters, the exposures were
made with the existing ones. Thus, we are short .05 Y and plus .05 M.
(Were such duplicates to be included regularly in the scheme of operations
it would be highly desirable to secure a complete compliment of CC filters
and make more refined tests on the total operation.)

Some observations concerning the photographic enlargements shown in
Figure 2.3.3 include: 1) Definition of the "true color" film is consid-
erably greater than that of the "cofor IR" film; 2) exposure differences
of 2-1 on the duplicating film are still sufficiently accurate for inter-
pretation because of the long "straight 1ine" portion of the curve; 3)
remarkably close correlation with the standard diazo process resulted.
This close correlation partially verifies the accuracy of the diazo pro-
cedure employed. It further points to the need for close controls in
every step of the color separation technique, including the final diazo
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FIGURE 2.3.2

Ithaca, New York at a scale of 1:24,000 from an enlargement of

the Black and White Film SL3-S190B, Roll 85, Frame 345.
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FIGURE 2.3.3 Comparison of SL3-S190B color and color IR film enlarge-
ments at a scale of 1:80,000 near Newburgh, New York.
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composite. Errors in contrast and density range are particularly
degrading. Careful registration of properly prepared diazos (Figure 2.3.1)
results in a composite that compares favorably with the single-shot dup-
licates on Ektachrome Duplicating film. Figure 2.3.3 compares S190B-SL3
True Color, Rol1l1 88, Frame 274 with False Color IR, Rol1 87, Frame 299

at a scale of 1:80,000.

2.4 Spectral Characteristics and Processing of Diazo Film

The diazo fi]m process is a two-step process of exposure and develop-
.ment which allows a black and white film to be contact duplicated as
a color film. This 1s accomplished by the manufacturing of special
diazo Tight sensitive salts and couplers imbedded in a base materiai,
which is in this case clear acetate sheets 85" x 11". The salts and
couplers produce a positive contact image when exposed to a UV mercury
vapor lamp and developed by heated aqua ammonia vapors.

The diazo processing machine used was a GAF Model #240 with a
modified control knob having 60 calibrations, as opposed to the normal
45, The machine included a special voltage reguiator to provide constant
voltage, particularly important to the exposing mercury vapor lamp output.
Standard procedures involve a recommended operating temperature and
dopb]e development at a Tow speed to completely saturate the film for
color density standardization.

The diszo films selected were the subtractive photographic colors
of cyan, magenta and yellow. Several manufacturers products were tested
and the GAF products were selected on a basis of the color density range
and relative color purity. Figure 2.4.1 indicates some GAF films sampled
and the relative purity. Also evident are some variations in dye color
purity between film Tots.

Diazo films are manufactured for line drawing reproduction and, as
such, they are “inexpensive to purchase and process but were never intended
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to match the quaiity control evident in the color films available in the
silver process. Therefore, this section will attempt to indicate the
characteristics of diazo film for continuous tone reproductions of sate-
11ite imagery. '

The variation from package to package and among different consign-
ments may be due to a number of factors, including but not necessarily
1imited to: quality control in the manufacturing process, the dye
characteristics, overall shelf Tife in each dye and the age of the
product prior to shipment. So as to minimize further variation and to
preserve shelf 1ife, all film shipments when received were immediately
frozen. Twenty-four hours prior to use, the film was thawed. ATl opened
film packages were carefully resealed to prevent condensation and refrig-
erated. All refrigerated film was allowed to remain at room temperature
eight hours before exposure and development.

The diazo film Log exposure range was determined from an average
characteristic curve of over 50 samples of each color film. The Log
exposure range was calculated from the charactertistic curve (see .
Figure 2.4.2} over the entire color density range and was determined
to be approximately 1.00 for all three films. This is the reason why
the black and white enlarged S190A films need a density range of 1.00
to make full use of the diazo film range.

Figure 2.4.2 was generated from film samples over an eight-month
period and all tests were conducted at a standard machine speed and with
standard processing procedures. The GAF diazo- films of magenta, yellow
and cyan were printed with a #2 Kodak step wedge on one film from each
package of film used, then the densities were measured and recorded. The
GAF film manufacturers stated in a personal communication that a T 10%
density variation was allowable in film manufacturing. The results of
63 yellow fi]ﬁ samples showed a T 10% density variation, 53 cyan film
sampTles showed a * 14% density variation, and 54 magenta samp]es'showed
a t 16% density variation. There is less variation in packages from the
same film lot than packages of different film lots, but what percent is
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due to film variations and what percent is due to variations in the
diazo printer is not known.

The GAF Model #240 diazo printer was tested to determine what
changes in exposure speed would produce in the characteristic curve.
The exposure speed (traﬁéport belt speed) was varied from 1 to 10 and
each test used a diazo film in contact with a #2 Kodak step wedge. The
resulting characteristic curves are shown <in Figure 2.4.3 and form the
basis to predict the correct diazo exposure when compared to the density
range of the black and white film to bé contact printed. Table 2.4.1 was
generated from the data in Figure 2.4.3 and indicates the correct diazo
exposure for each spectral band when the lower density value is known.
For example, if the enlarged black and white film {Filter AA) has a
lower 1imit of .35, then the printing speed for magenta is 6, yellow is
4, and cyan is 6. It is advisable to exclude clouds and water from these
density measurements, since variations in the land use categories are of
primary interest. When an original negative is enlarged into several
black and white sections, it is necessary to find the lower density value
for each spectral band among the several enlarged fiims, and then process
each spectral band according to that value for the entire area. This
method will maintain color continuity over the entire study area.

The above described method will maintain the color density separation
of black and white film densities if in the 1.0 density range. However,
for purposes of enhancing different spectral categories, it is desirable
to "overexpose" or "underexpose" the diazo film and emphasize the high or
low section of the black and white density range. This will compress the
depsity separation on one section and expand the density separation on
the other section for more specific enhancement tasks. For example, if
& black and white film has been determined to need a #6 setting for
magenta film but it is run at a speed of #10, then the Tighter black and
White densities will be reproduced in the middle of the charactersitic
curve and the darker black and white densities will be compressed on
the "shoulder" of the characteristic curve; the higher the .diazo setting,
the Tess exposure. Converse&y, 1f the-same black and white film is run
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TABLE 2.4.1 Chart to Determine the Diazo Exposure for a Normal
Color Composite

LOWER LIMIT OF B&MW FILM DIAZO
1.00 DENSITY RANGE SETTING
.Magenta

D >.72 3 \
172D >».58 4
577D > .42 [
A1 5Dy W38 6
.33 >D > .26 7
25 >D > .00 8

Yellow

D > .40 3
.39 >D > .32 4
312D > .22 5
.21 > D » .00 6

Cyan

D > .60 3
59 >D > .b2 4
51 >D > .44 5
43> Dh > .32 6
.31 >D > .18 7
.17 2D » .00 8

The Tower Timit of é&w 1.00 density range determines the diazo film
exposure to correctly match the B&8W fiim to the diazo film character-
istic curve. (See text for explanation).
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at a speed of #2, then the darker black ahd white densities will be on’
the middle of the characteristic curve and the Tighter black and white
densities will be compressed on the "toe" of the characteristic curve

or possibly eliminated ent%re1y. These relationships have been exploited
for color enhancement of different spectral categories as discussed in
Section 2.5

Diazo film has produced acceptable resuits when the procedures are
standardized and can be calibrated to a particular film batch lot number
to further minimize possible variations. The Tow expense of this process,
both for materials and processing, makes this rapid, hard-copy method a
useful tool for either direct interpretation or further projection en-
largement for interpretation on a front- or back-Tighted screen. Possibly
-with increased awareness on the part of manufacturers as. to potential
app]icationg of théir product for this kind of analysis, improvements
could be made in the diazo films and printers.

2.5 CIE Color Prediction Model to Construct Color Composites

In working with multispectral imagery, the photo interpreter has
generally been at a decided disadvantage with respect to sorting out
intermediate variations in tone among sSeveral spectral bands. As a result,
a great deal of the quantitative work in multispectral analysis has been
accompiished by automated computer processing techniques.

However, as aiscussed above, one aid has been in the use of diazo
materials to convert black and white densities on the film to different
hues, varying in saturation and brightness in relation to densities of
the original black and white film. Coﬁbining these diazo products in
different ways (independently varying the spectral band, diazo hue, and
diazo exposure) can result in various color tones representing the sum-
mation of densities from the combined spectral bands, point by point,
across the scene. This methodology has been very useful as an inexpensive,
straight forward way of analyzing various kinds of multispectral satellite
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and aircraft data. Unfortunately, it often Tacks any guantitative coTor
reference to which one can relate the combined densities of two, three
or more spectral bands. The color composites, with the exception of
simulated color infra-red, are constructed on a more or Tess trial and
error basis until particular kinds of information are contrasted with
the background to the satisfaction of the interpreter. Needless to say.,
this is a time consuming and frequently frustrating process.

While working on ERTS-1 imagery and Skylab S190A photography, it
quickiy became apparent that it was difficu1£, if not impossible, to
extract all the information from the varjous bands by using conventional
techniques employed with black and white photo processing and diazo
film. The number of possible permutations rapidly éxceeded the possible

mechanical manipulations that a photo interpreter would have the patience
to endure.

~ Therefore, it was with the intent of finding some mechanism to auto-
mate the selection process for color composites that this study was
bequn. The task broke into three areas: 1)} identifying a standard
quantitative reference, 2) determining the spectral properties of the
various diazo materials, and 3) constructing algorithms to relate the
black and white film densities to the spectral components of the various
diazo materials, so as to maximize the color contrast among selected
densities.

A review of color theory quickly identified the Commission Inter-
nationale de 1'Eclairage (CIE) color coordinate system as a Togical
standard reference within which all colors would have a fixed reference
based on quantitative measurements of the materials being examined.

Using a series of equations developed by Hardy (1936) and the 0SA Committee
on Colorimetry (Billmeyer and Saltzman, 1966), tristimulus values fér

red, green, and blue can be calculated, which define the relationships

of hue, saturation, and, brightness. These tristimulus values are derived
from a summation over visual wavelengths of the color matching coefficients
as defined by a standard observer times the spectral energy distribution
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times the percent transmittance of a sample at a particular wavelength
expressed in nanometers. Equations 1, 2, and 3 summarize these operations:

1) X =Zp(Epg 0ggW)Ts Y =%5 (Epg go")T> 2 = EplEpg 5oZ)T

where X, Y, and Z represent the tristimulus values of red, green, and
blue; E D5,000 is the spectral energy distribution of a standard Tight
source*, X, Y, and 7 represent standard observer coefficients, and T is
the percent transmittance of the sample material at a particular wavelength.

Dividing each tristimulus value by the combined sum of X, Y, and Z

yields the chromaticity coordinates:

X N . I
2) Xps,000 = YFVeZ, 'D5,000 T XoVeZ, Zp5,000 T XHVEZ

X and Y values are plotted on the abscissa and ordinate axes.
Brightness is expressed as the Y% and is plotted on the Z axis,

‘where:

Yo = ¢ 1% ! 100
A \=Dp5,000

3) (100)

From these equations, a series of coordinates representing the pos-
sible variations in hue, saturation, and brightness can be derived for
the visible portion of the spectrum. These CIE Coordinates form the
fixed reference by which it is possible to relate different color values
in Euclidean space with respect to the distance from one reference point
to another. Figure 2.5.1 is a chromaticity diagram which also shows the
relative shifts in hue, saturation, and brightness with changes in the
CIE Coordinates.

*Yzlues obtained from Table 16.4, p. 892, SPSE Handbook of Photographic
Science and Engineering, 1973.
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According to methods discussed above in Section 2.4, the spectral
transmittance properties of the diazo material were measured at 10
nanometer intervals for each of the three dyes: cyan, magenta, and
yellow, for each of five different exposure values, and eight densities
(.11, .41, .63, .75, .83, 1.00, 1.11, and 1.36). This information was
placed on computer cards along with information on the energy distri-
bution of the D5’000 Tight source and number of allowable band combina-
tions. Al1 possible chromaticity coordinates represented by the various
mixtures of color from the three diazo hues were then computed. The
range of CIE values were then plotted for occurence in each .05 x .05
cell as shown in Figure 2.5.2. Intermediate values fa]]%ng between any
two measured Tevels of saturation (exposure values) or hue were inter-
polated from the values calculated at the measured intervals. This
assured that we would obtain a good approximation of the total range of
CIE coordinate values for various combinations of the three diazo dyes.

When a selected coordinate value is translated back by substitution
in equations 1, 2, and.3, the relationship of the spectral band, diazo
hue and exposure value (saturation) can then be determined to reproduce,
as closely as possible, the selected color assidned to a particuiar set
of dessity values. '

The number of spectral band combinations allowed (see Table 2.5.1)
was intentionally restricted to a maximum of 32 with three bands per
composite. No single band could be represented more than twice. Allowing
additional combinations, including more than three spectral bands per com-
posite, would probably add to the enhancement process, but it also quickly
adds to the overall cost of the analysis. The above criteria were thought
to be adequate for most purposes in this study.

The objective of the CIE color prediction model is to maximize the
color contrast among two or three selected points per composite. This is
accomplished by defining the greatest vector distance in Euclidean space
between two points, or the greatest area most closely approximating an
equilateral triangle, as represented by maximizing the distance among
three points (1,2), (1,3), and (2,3).
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values computed for each sector.
the 1ight-dark boundary discussed in the text.
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TABLE 2.5.1 Spectral Band Combinations for the CIE Model

44445 4-4+45- 74545 74745~
4+4+7 - 4-4+7- 74547~ 4744
BekA+H - 5-4+5- -5t - 4-7+5-
B+4+5- 5-4+7- 4-5+5~ 4-747 -
5+4+7 - 7-4+7- 4-5+7- 5-7+5+
7+4+4- 54544 5-5+7- 5-7+7-
7+4+5- 5+5+7- 7547~ 44547+
7+A+7 - 7+5+ - 747+4- 4-5-7-

Restrictions for selecting band combinations:

1. A1l selections have three {3) bands
A1l selections are unique regardless of order

No band number may be used more than twice

M IL N a

No band sign may be used more than twice.
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Since it is important from a perceptional reference that these
coordinates lie in distinctly different color zones and since these
cofor zones, as perceived by a human observer, vary independently from
a change in hue (p), a perceptional reference was superimposed onto
the CIE chromaticity chart. A total of 10 visual sectors were defined.
These sectors were rectalinearized so as to conform to major divisions
of 0.05 on the ordinate and coordinate axes as shown in Figure 2.5.2.

Using a single matrix design for the-visual sector, it greatly
simplified the programming routines over what would be required for a
curvilinear arrangement while yielding very acceptable results. Since
human coTor vision is highly variable among individuals, and since color
contrast is the desired product, an approximation of the visual sectors
seemed to be quite adequate to meet our objectives.

The visual sectors were defined by several factors: 1) the total
color range of ‘printing inks (Kodak, 1968), 2) MacAdam's ellipses ilTus-
trating the color sensitivity within the CIE chromaticity chart (Wright,
1958), 3) Judd's ellipses illustrating an equal energy distribution
across the visual spectrum as it conforms to perceptibility scales (based
on 100 just perceptible distances, jpd, within each ellipse (Judd, 1950),
and 4) the distribution of the total number of possible selections of
coordinates computed for each matrix cell (.06 x .05). Using a series of
overlays, visual associations were made between the color distribution
of the diazo materials and each of the above. Perceived hue shifts within
the CIE chart were mapped from Kodak's color range of printing inks.

From this, ten major color associations were defined. The boundaries of
these associations were shifted to accumulate an approximately equal num-
ber of perceived differences within each visual sector and to obtain a
reasonably equal distribution of computed coordinate selections for each
sector. The number of possible selections was found to have about a 5-1
bias toward the red-green line. Therefore, the distribution was divided
into groups, a 1ight zone (red-green colors) and a dark zone (blue-green
colors). The boundary shifts were then made accordingly, within each zone.
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These matrix divisions, as iliustrated in Figure 2.5.2, represent the
perceptional component of the model as it is superimposed on the CIE
chromaticity chart.

Ih operation, families of points representing the 'greatest percep-
tional differences are first selected. Then, from these families of
points, as defined by each visual sector, coordinates which are spaced
the greatest vector distance, or which define the greatest triangular
area, are chosen. To select the visual sectors which have potentially
the greatest visual contrast, a system of weights are used. The possible
cell distances are 0, 1, 2, 3, and 4. Points selected within a cell re-
ceive no weight, but the weight increases as the straight line connecting
two points crosses visual sector boundaries. (See Figure 2.5.3). Lines
which connect points crossing the Tight-dark Tine were given the equiva-
Tent weight of crossing two visual sector boundaries. This assured two
things: that no more than two points would be located on one side of
the 1ight-dark line, and that the side which was to have two points would
have them spaced at the maximum distance as opposed to what might have
occured on the opposite side. The change in luminance (Y%) was given a
zero weight. Initially, experiments were conducted which assigned various
weights to Y%: however, these failed because of the tendency to discrimi-
nate only on the basis of brightness.

The foilowing is a summary of the components and operation of the
CIE color prediction model:

INPUTS - 1. Density levels for which transmittance data was taken.
2. Transmittances (for each density level exposed, for each
standard exposure level, for each hue).
DS,UOO source data.
. Hue permutations.
. Band names.
. Permissable band combinations.
CIE €ell neighbor distances.
. Densities in each band of the points to be differentiated.

(D‘-JO\U'I-I‘—"S-IJ
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CELL DISTANCE MEASURE:

The distance from each cell to its nearest neighbors is defined
as below:

The distance- from “b" to "c¢" is 1.
The distance from "a" to "B" is 2.

Represented graphically,

=
©

-—-—--.—--.--_..

Now, no distance has been defined between "a" and “c". We define

this to be the smallest distance path from "a" to "c", passing
through one or more intermediate regions. Thus, from "a" to "b" is
2 units, and from "b" to "c" is 1, making a total of 3 units from
"a" to “c". AIT paths are considered, and the shortest is selected.

FIGURE 2.5.3
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This method applied to the previous graph yields:

----- -: 1 unit
—— et 2 Units
— 3 Units

As a result, cell distance is now defined between any two points.

FIGURE 2.5.3 (continued)
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QUTPUTS -~ 1. Best pairwise discriminations.
2. Best triple discriminations found.

Criteria for assignment of bands to hues and exposure levels is repre-
sented graphically in Figure 2.5.4 and summarized below. '

I. PAIRWISE

1. Must achieve better than minimum pairwise discrimination
as determined by Euclidean distance between CIE points.
(Reference to Figure 2.5.4.a). '

2. Among assignments meeting criterion for I.1, choose those
with maximum cell distance (Reference to Figure 2.5.4.b).

3. Among assignments with maximal cell distance, choose
maximal Euclidean distance.

.

II. TRIPLES

1. All pairwise distances must satisfy I.1.

2. Find maximal minimum-side-distance. Select all assignments
meeting II.1 with this as their minimum-side-distance.

3. Among assignments meeting criterion for II.2, select
maximal mean side length.

4, Among assignments meeting II.3, choose the one with maximum
area as determined by the CIE coordinates. {Reference to
Figure 2.5.4.c).

The actual operational sequence is depicted in Figure 2.5.5.

Upon selection of the coordinate values, assignments of spectral
band, hue, and exposure of the diazo are computed so that all three points
are represented by the composite selected. These assignments are printed
out according to hue; e.g., cyan DD+ (6), yellow BB- (2), magenta AA+ (8).
For each hue assigned, there is a spectral band number, positive or
negative film image, and an exposure value for the diazo film corres-
ponding to the dial setting on the diazo machine.

]
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made by the evaluation phase.

FIGURE 2.5.4

These examples show the scheme by which judgmenis were
made to select coordinates which met the criteria for
the best discriminations among pair or triple coordinate
points. A1l examples are in a plane of equal Tuminance
(Y%), the numbers refer to cell distance in a and b with
the vector distance 1in c.
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FIGURE 2.5.5 (Continued)

4. Test points in triples for sufficient discrimination
and extract best triple discriminant
i. check for Failure of pairwise discriminant
ii. compute minimum side cell distance
iii. compute mean side cell distance
iv. compute area of triangle defined by the 3 points
(we maximize over (ii), then (iii), and finally {(iv)).

1
OQutput the Results
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The program will take density range readings of up to 10 points
within a scene; however, costs begin to mount appreciably if more than
five or six points are run simultaneously. Five points, generating ten
composites (three points compared per composite), may be run for about
$15.00, while six points cost $21.00 to $24.00 per run on overnight
batch processing on an IBM 370 system.

Since there is generally considerable variation in the densities/
category/band, the model works best using the median density value of
a category as determined by sampling several known points in a scene
represented by that category. In the case of the Skylab S190A data, the
density ranges tended to overlap among the categories (see Figure 3.2.2).
As a result, one of the three points in a composite often blended with
the background. To remedy this, an average density of categories of
interest within a scene, Tess those being specifically examined, was
used as one of the data inputs so that each of the points of interest
could be contrasted with a contrived value indicative of background. In
many cases, this improved the separations of various categories.

Density differences as low as .05 on a single band can be separated;
however, the color contrast is not very good and the variability of the
diazo machine makes such separations less reliable. If the spectral
bands on the sensor have been selected initially so as to assure discrete
separations at optimal points along the spectral curve of a particular
material(s) to be interpreted, then very good color contrast and separa-
tion of different categroies is possible. Figure 3.5.1 shows discrete
separations of different .categories as a result of using narrow band
S192 data. From this, it should be clear that the filter selection on
the sensor is egual to, if not more important Ehan, the analysis tool.
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2.6 Data Take Off

The S190A and S190B photographic products were enlarged for inter-
pretation to a scale of 1:62,500 and in some cases, to a scale of 1:24,000
for a detailed comparison to LUNR. These two scales were selected to
obtain the maximum enlargement .of most photographic products, to obtain
an acceptable minimum mapable unit, and to use base maps most consistent
with existing land use planning data systems. The base maps at a scale
of 1:62,500 are a New York State county series compiled by the New York
State Office of Planning Services (OPS). The 1:24,000 scale base maps.
are USGS topographic 7% minute quadrangles, which also form the base for
the LUNR data. The UTM grid system was followed as being the most com-
patible with the two series of base maps, the LUNR format and as a stan-
dard for reference to other systems.

The interpretational process invoives projecting the photographic
products through a backlighted screen and onto a mylar map base on which
the Tand use interpretation is drafted (sse Figure 2.6.1}. The overhead
projector and backlighted screen offer a system with good resolution and
a wide range of interpretational scales. These are important features
when evaluating various photographic products at different scales to one
particular base map (and to different base maps). !

The overhead projector used was a Transpacue Auto-Level (Model 20400)
with a 10" x 12" glass film holder to insure a flat image in a fixed
position. The backlighted screen was constructed as a free standing
wooden frame. The projected image was then focused on a mylar sheet
taped flat to the back of the glass screen. This procedure permits good
resolution and allows for direct interpretation of large areas on the
mylar sheet. The mylar sheet was first prepared by drafting the UTM (10 km)
grid Tines and a few widely positioned 1inear features, such as major
streams or large lakes, from the base maps (1:62,500 or 1:24,000). This
provided a control by which the correct orientation and scale would be
maintained on the projected image for accurate interpretation, drafting,
and data take off.
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FIGURE 2.6.1 An Overhead projector is used to transfer the photographic
image to the back-lighted screen for interpretation on
the mylar sheet. The scale of the projected image is
variable according to the distance between the projector
and the screen.
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Each test area ,was then de]ineated according to the category defi-
nitions in Section 3 for Interpretation of Land Use Features. The SI90A
color composites 'selected for each test site were used sequentially to
construct a completed Tand use map. The following section 3.0 will
discuss the color composites used for each test site, and the spectral
information derived from each composite.

The minimum mapable unit was considered to be four hectares at the
1:62,500 scale and one hectare at the 1:24,000 scale. Although smaller
features could be detected and often identified, it proved to be Yener-
ally impractical to map and label them.

The data take off procedure for the 1:62,500 scale, pencil drafted
mylar maps, consisted of overlaying a 1 kilometer UTM grid with a 25 dot
array on each cell. Then the hectares in each category were totaled by
the sampling technique of one dot within a particular category equal to
four hectares. A total of 100 hectares per one kilometer cell were
accounted for by this method and each test site was totally sampled to
obtain the data presented for the summary data comparisons in Section 4
on Data Correlation. A similar procedure for the 1:24,000 scale maps
involved using a one kilometer UTM grid with a % hectare ieve1 grid
array and totaling each category by hectare estimates.
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3.0 INTERPRETATION OF LAND USE FEATURES

The interpretation process involves both the multispectral (S190A)
and conventional film (S190B) products. The interpretation process is
described below in detail for each of the three test sites (Tompkins
County-Ithaca, Lower Hudson Valley-Newburgh and Kingston, and Suffolk
County-Long Island}. Prior to the initiation of the final interpreta-
tion phase, considerable effort had been put into the selection and
" definition of the various land use categories to be interpreted. Cate-
gory definition is extremely important to insure repeatability and to
assess accurately the major land use features that are used by planners
and other user agencies. The selection and definition of categories
used are discussed in Section 3.1 below. '

3.1 Category Definitions

The first step in the interpretation process requires a system of
definitions for categories of interest. Theoretica]]y, categories should
be defined so that they represent basic components of a classification
system. As such, information might be derived from several sources,
but it should still be compatible with information already classified
in'an inventory. This is not a simple task in that sensor character-
istics define the parameter of the data (spectral and spatial properties):
whereas, user agencies have specific semantics applied to various cate-
gories which are often difficult to resolve with the data. The problem
is 'severe enough when an area is inventoried for the first time using a
particular sensor system. It becomes even more difficult when an attempt
is made to update an existing inventory such as LUNR which was designed
in part using both spatial and inferential information from 1:24,000
scale black and white air photos. The resulting categories often incor-
porate economic or ownership features which are not discernible from
high altitude or satellite data. Likewise, spectral features are not
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given any special consideration in the LUNR categories. These factors
then add considerable complications to the update process such as was
attempted in this study.

In large part, the category selection is based on the U.s. Geologi-
cal Survey Circular 671, "A Land Use Classification System for Use With
Remote Sensor Data" (Anderson, Hardy, and Roach, 1974). Therefore, the
numbers and category names pertaining to Level I and Level II categories
are derived from the Circular 671. However, certain changes are made
on some of the Level II categories. Residential is separated into 1ight
and medium to heavy. Commercial, Industrial, and Institutional are,
depending on their spectral/spatial components, combined into a singie
category called Intensive. In Agricultural Land, Cropland/Pasture is
defined as intensively managed, such as alfalfa and sod farms. Grazed
land and brushy areas were combined into a single category. It is recog-
nized, however, that this combination may be only useful in the north-
east where inactive pasture quickly grows up into forest land. MWetland
is redefined to include both non-forested (herbaceous) and brush or
wooded wetiands. This is to include many wetlands in New York State
which are wooded or have woody vegetation in association. These revised
categories and the criteria for establishing each class is shown in
Table 3.1.1.

The characteristics of each class are derived on the basis of what
could be actually seen, i.e., a spacial pattern, or the variation of the
spectral response which would permit a color separation on the basis of
density differences among the three bands used in the S190A or tonal
variation on each of the three film types interpreted from the S190B.
Every attempt s made to minimize the incorporation of economic or
ownership features in the category definitions, e.g., commercial and
services. These features could be incorporated at a Level III classifi-
cation, but it ds not felt that such features are readily identifiable
at Level II using satellite data. The classification system for space
related data 1is discussed in greater detail in Section 7.
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A Two-Level Ciassification System for Interpreting

TABLE 3.1.1

LEVEL I

1. Urban and Built Up Land

2. Agricultura? Land

4. Forest Land

5. Water

6. Wetland

7. Barren lLand

) w15
RIGINAL PAG
5 POOR QUALITY

Skylah Data

1.

5

+

1.

o
.
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LEVEL 11

Light Residential

. Medyum and Heavy

Residential

Extractive

Transportation

. Intensive Development

. Strip Development

Cropland, Cropland Pasture

and Sod Farms

. Orchards, Vineyards and

Horticultural Areas

Pasture and Brushland

. Comiferous

. Mixed Deciduous and

Coniferous

Streams and Waterways
Lakes and Ponds

Reservoirs

. Bays and Estuaries

Marsh, Bog and
Herbaceous Wetlands

. Brush and Wooded Wetlands

Sand

. Bare, Exposed Natural

Rock
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CHARACTERISTICS

Smatl buridings less than
vegetation (1 bidg. or Jess
per % hectare)}

Small buridings more than
vegetation {2 bidgs. or more
per % hectare)

. Raw extractive materfal

s1tes with no vegetation

Linear 4-Tane highways,
railways, and airfield runways

Large buldings or building
complexes with parking lots
and some vegetation

Intensive Tinear building
developments along roadways

Intensive monotypic vegatation
less than 6 ft tail and/or
5011 in regular rectilinear
formation

Intensive monotypic vegetation
less than 20 ft tall 1n biock
plantings with some soil
possibly evident

Vegetation less than 20 ft tall
and less than 50% canopy cover

. Trees over 15 ft, 50%+ canopy

cover and 90%t+ conmiferous
{plantations)

Trees over 30 ft and 502+
canopy cover
Open fresh water-linear

Open fresh water-nonlinear

. DOpen fresh water-dam or water

control structure

. Open salt water - coastal

configuration

. Water with herbaceous

vegetation

. Water with woody vegetation

and trees

. Sand with no vegetation

. Matural rock with 1ittle

vegetation



3.2 Interpretation of S190A

Color composites for each of the three test sites were selected by
the CIE color prediction model according to the spectral responses
(density range) of the land use and vegetation endemic to that area. The
color composites indicated by the model were checked against tow altidude
air photos, LUNR and S190B photographic products, to determine which com-
posites provided the most reliable and consistent information throughout
the test site. The color composites which fulfilled this task on inspec-
tion were then used to interpret the entire area. From this point on, no
further reference was made to air photos or other ground truth informa-
tion. Usually four to five composites were considered necessary for a
complete interpretation for all categories. The sequence in which these
color composites were used depended on the interpreters evaluation of -the
most reliable and efficient sequence.

To an experienced interpreter, the composite selected by the model
was sometimes only used as a guide for discriminating certain categories
which have broad spectral ranges. Alterations can then be made in the
composites to further improve discrimination of that category. The
reason for this is that the model operates on single density inputs/
spectral bands/categories. Where there are broad ranges of density
values, only the medium value s used. Often it is more efficient and
cost effective, in these cases; to make some adjustments in the selected
composites than to run several iterations of the color prediction model.
These composites are then tested as a possible aid before the final inter-
pretation process is begun. An example of a S190A color composite inter-
pretation can be seen in Figure 3.2.1 which includes one UTM cell (100
square kilometers) at a scale of 1:62,500 from the Lower Hudson Valley
test site.

Several categories proved very difficult to interpret, such as wet-
lands, light residential, orchards, and the distinction between cropland
and pasture/brushland. Due to the fact that all photographic products
came from the SL3 mission at approximately the same date in mid-September,
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FIGURE 3.2.1 One UTM (100 square kilometers) cell interpretation from
. the S190A color composites at a scale of 1:62,500 on the
Lower Hudson Valiey test site. The UTM coordinate refer-

ence is 4590000m N. and 570000m E. for this cell.
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it was not possible to test the seasonal variations as was done with
ERTS-I (LANDSAT-I). That report indicated that spring and early summer
multispectral imagery were necessary aids to interpretation of the above
.mentioned categories. This was primarily due to spectral signature
shifts: in natural vegetation throughout the growing season, management
practices in active agricultural areas, and canopy closure which obscured
ground information. Therefore, the lack of other usable Skylab data over
New York State precluded any seasonal investigation.

In general, the separation between extractive (14), intensive devel-
opment (16), and some gravelly, bare agricultural soils {21) could only
be made on the basis of location and spatial configuration. The spectral
responses of these materials is very similar and could not be the only
basis for discrimination. The distinction between coniferous and decid-
uous also proved to be difficult. Coniferous are often found in small
plantations or scattered on sides of hills and steep gorges. As such,‘
they did not appear to be discrete enough to call a separate category.
Therefore, to circumvent this problem, all forest is classified as mixed.

In an attempt to further determine why these categories were diffi-
cult to interpret, a series of density measurements were made on the
1:250,000 S190A multispectral filter bands AA, BB, and DD. A sample of
each Tand use category was located on the three bands by cross reference
to other information and several density measurements were made to deter-
mine the range. After selecting two to three different areas for each
category on the Lower Hudson Valley area, it became evident that in seve-
ral categories there existed a large amount of density overlap (see
Figure 3.2.2).

These histograms are only & beginning step in showing the relative
difference in information content of wide band filters (S190A) vs. narrow
band filters (S192) but they do show why certain spectral responses
- in different categories appear similar. Certain categories have very
large density overlap in all three bands, which makes any color compo-
site enhancement and separation improbabie. However, if a category
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density range is distinct in any one band, then the color composite
process can further enhance the difference. Therefore, the entire
process is dependent on the selection of the original filters to be
able to discretely record the spectral responses.

Further research on this approach would require extensive den-
Eity measurements to be able to construct histograms which would show
the density range for each land use and the frequency of occurence for
each density point. Section 3.5 and 5.1 discuss in greater depth the
merits of a narrow band system for discrete spectral records.

Due to time and cost Timitations, only a limited number of experi-
ments were performed on the CIE computer model. This is the reason why
each color composite suggested by the model had to be carefully evaluated.
This also explains why an interpreter could, on certain occasions, extra-
polate to some intermediate composite which would be a more visually
accurate rendition with less category color overlap but could not fur-
ther enhance difficult separations. -

Each spectral band was individually inspected to determine its
overall character and resolution. Filter band DD {infra-red) proved to
be extremely grainy in structure and limited the resolution of the IR
record. This also effectively degraded the composite when used in con-
Junction with the other two bands. The poor IR resolution also contri-
buted to the difficulties in interpreting wetlands, built up Tand and
some vegetation types which are usually better contrasted by using the
IR record.

The filter bands AA and BB had good resolution but the spectral
differences between these bands for several categories. were small. The
black and white films showed features such as roadways and runways '
(asphalt and concrete) about 100 feet wide,.and streams or canals appfoxi-
mately 500 feet wide. Water bodies could be discerned only if they ex-
ceeded approximately 500 feet in diameter. However, minimum identifiable
units were often smaller than was practical to delineate and label on a
map. Therefore, the minimum mapable unit was approximately four hectares
in area on the 1:62,500 scale map.
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The 4X enlarged S190A color and color IR films provided by NASA
were projected to a scale df 1:62.500 and visually compared with the
S190A color composites. The resolution of the SI90A color film is less
than the filtered black and white bands AA and BB and does not contain
as much spectral information as the color compesites. However, on at
Teast two occasions, it made some 1ight rural residential areas more
evident than the color composites, but in most cases ail agricultural,
water, and vegetation related categories were more difficult to discern.
The S190A color IR film had definitely less resolution and information
content than the filter bands AA and BB, the color composites, or the
cotor film on the S190A.

3.2.1 Tompkins County-Ithaca

Four composites were used for mapping the interpretational cate-
gories in this test area. A listing of these composites and the speci-
fic band combinations are in Table 3.2.1. The photographic products
were produced from SL3 data, Frame 36, Rolls 38, 41, and 42. The ranking
of 1-4 was chosen by the interpreter on the basis of which composites
provided the primary information and which composites were used as secon-
dary interpretational checks. The black and white positive fiims of
Filter DD and Filter BB were also found to be somewhat useful as secon-
dary interpretational checks. Composite #1 was reproduced to illustrate
this test site {Figure 3.2.3}.

The 1ight residential {11) category proved to be difficult to inter-
pret in the more sparsely populated rural areas, particularly in forested
regions. This was due to the resolution limits of the film and the
interpreters decision on when 1ight residential was too scattered to be
mapped as that category.

Another area of difficulty was the delineation between cropiand/crop-
1and pasture (21) and pasture/brushland (24) because of a similar spec-
tral response in the late growing season and relative low intensity
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Long Island (left) and Tompkins County

The primary S190A color composites for the interpretation
(right) at a scale of 1:250,000.

of Suffolk County,

FIGURE 3.2.3
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farming methods in" this area. The area has from moderate to Tow agri-
cultural viability which makes identification sometimes difficult and
tends to include farm areas that are no longer in active production.

Both wetlands categories (61 and 62) proved to be impractical
to intrepret because of their generally small area, the low resoluticn
on the IR film and generally poor spectral information on this IR filter
record. Spring .or fall coverage would have been helpful if taken when
vegetation was not in full foliage.

The topographic features of this area include steep wall valleys
and gorges which produced shadow areas on the photographic products.
These small areas were referenced to topographic maps, so that later
all interpretational anomalies were resoived.

TABLE 3.2.1 The Four Color Composites (S190A) Used For the Interpre-
tation of the Tompkins County Test Area. The composites
specify the band, negative or positive, diazo film color,
and diazo exposure setting on the GAF Model #240.

1. Filter BB- cyan (6) 3. Filter BB- cyan (6)
Filter DD+ yellow (4) Filter BB+ yellow (4)
Filter AA- magenta (5) Filter DD+ magenta (8)

2. Filter DD- cyan (10) 4, Filter BB- cyan -~ (6)
Filter BB- yellow (2) Filter AA+ yellow (4)
Filter BB+ magenta (6) Filter AA- magenta (4)

3.2.2 Lower Hudson Valley-Newburgh

The five color composites, in order of interpretational seguence,
for this test area are 1isted in Table 3.2.2. A photographic reproduc-
tion of composite #3 is included in Figure 2.3.1 at a scale of 1:250,000.
The original photographic products are from SL3 mission, Fraﬁe 236,

Rolls 44, 47, and 48.
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TABLE 3.2.2  The Five Color Composites (S190A) Used For the -Interpre-

tqtion of ?he Lower Hudson Valley Test Site. The compo-
sites specify the band, negative or positive, diazo film
color and diazo exposure setting on the GAF Model #240.

1. Filter BB+ cyan (6) Filter DD+ cyan (8)
Filter DD+ yellow (6) Filter BB~ yellow (4)
Filter BB- magenta (8) Filter BB+ magenta (4)

2. Filter BB+ cyan (4) Filter BB- cyan (6)
Filter DD- yellow (2) Filter DD+ yellow (4)
Filter+-AA- magenta (10) Filter AA+ magenta {2)

3. Filter BB+ cyan (4)

. Filter DD- yellow (4)
Filter BB- magenta (10)

The forested, hilly topography and small parcels in each land use
made the interpretation process difficult in both identification and
This further compounded the problem of interpreting wet-
lands (61 and 62), 1ight residential (11) and in some cases, medium/
heavy residential (12) at this time of year. Certain steep valleys
contained shadows which had to be identified so as not to mislabel them

delineation.

during the interpretation process.

The medium to Tow agricuitural viability and inactive farms in
the area made it difficult to distinguish between cropland/pasture (21)
and pasture/brushland (24)}. For basically the same reasons, it was often
difficult to separate the pasture/brushland from the mixed forest (43)
category.

3.2.3 Suffolk County ~Long Island

The four composites used for interpretation are Tisted in Table

3.2.3 and ranked according to which composites provided the primary

information and which composites were used for secondary interpreta-

tional information. Composite #1 is photographically reproduced in
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TABLE

1.

2.

3.2.3

The Four Color' Composites (S190A) Used For The Inter-

pretation of the Suffolk County, Long Island Test Area.
The composites specify the band, negative or positive,
diazo film color, and diazo exposure setting on the

GAF Model #240.

Filter BB-
Filter DD+
Filter AA-

Filter DD-
Fiiter BB+
Filter AA-

cyan (8)
yellow (8)
magenta (2)

cyan (4)
yellow (2)
magenta (6)

Filter BB-
Filter DD+
Filter BB+

Filter BB+
Filter AA+
Filter BB-

cyan (6)
yellow (8)
magenta (10)

cyan - {6)
yellow (4)
magenta (8)

Figure 3.2.3 to illustrate the types of information evident in one

possible composite for.this area.

The original photographic products

are from SL3 mission, Frame 238 on Rolls 44, 47, and 48.

The relatively flat topography and generally short forest height
made most category interpretation fairly consistent, except for the
Tight residential category (11) which still could be a problem when it

was scattered in rural areas.

This was only partially due to forest

canopy cover and mostly related to the resolution Timitations. The
cropland/cropland pasture {sod farms) category (21) was distinct in most
cases due to intensive management practices on an otherwise dry, Sandy
natural soil condition.

Although wetlands were generally Targer than four hectares, it was
still very difficult to accurately identify these two categories (61,62).
The vegetative cover and poor IR record are the most important reasons.

Spring or fall coverage would be helpful in wetlands interpretation
in this area also. )

3.3 Interpretation of S190B

The S190B film products exhibit good resolution and contrast even

when projected up to a scale of 1:24,000.

Conventional air photo



interpretation techniques (texture, tone, configuration, etc.) were

used to identify the land use categories. The resolution of the photo-
graphic products was determined for high contrast situations to be as
follows: BTack and White High Resolution 30-40 feet, Aerial Color High
Resolution 45-50 feet, and Color IR Film 60-70 feet.

3.3.1 Tompkins County-Ithaca -~

The S190B photographic product available over the Tompkins County
test site was the black and white High Resolution Film: Rol11 85,
Frame 345. The 1:950,000 scale film was enlarged by conventional dark-
room techniques to a scale of 1:250,000, This enlarged film was then
put on the overhead projector and further enlarged for the interpreta-
tion process (1:62,500 scale} on the backlighted screen.

The film resolution was excellent, aiding in both identification
and delineation of most categories. However, the tonal separation of
the levels of gray proved to be a problem in two cases. The water
boundaries (51, 52, and 53) and wetlands (61 and 62) were difficult to
differentiate from the forest (43) and pasture/brushland (24) categories,
as there is very little tonal difference during this time of year on the
black and white film. A second problem in differentiation was between
urban intensive (16) and cropland/cropland pasture (21), and the pasture/
brushland (24). This was mostly due to overlapping density values among
these categories. This was also mentioned in Section‘3.2.1 and stems
from the Tow level of intensity (viability)} in farming methods. It can
even be a problem to differentiate the two categories when field check-
ing on the ground.

A second interpretation test was carried out on a small section of
this area to determine if larger scales wouid improve accuracy. A
8" x 10" black and white film enlargement at a scale of 1:24,000 was
interpreted directly off a 1ight table at the same scale. The increased
scale made certain features easier to interpret and delineate. This was
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particularly true on all of the Urban and Built Up Land categories which
are differentiated by building size, density, and layout. One category
which had not been identified on other interpretations was Orchards (22).
They became interpretable because the pattern of individual trees which
made up the orchard configuration could be identified.

3.3.2 Lower Hudson Valley-Newburgh

A NASA supplied 2X enlargement of the Aerial Color Film, Rol1l 88,
Frame 274, was projected for interpretation onto the backlighted screen
at a scale of 1:62,500. The overall biue-green color of the photographic
product, due to atmospheric conditions, made conventional air photo inter-
pretation techniques difficult when the differentiation depended on color.
This difficulty exists between the natural vegetation categories of forest
(43) and pasture/brushland (24}. Sometimes, the distinction between pas-
ture/brushland (24} and cropland (21) was also difficult in areas of low
agricultural viability. The delineation of water boundaries was not
totally reliable when adjacent to natural areas of vegetation because of
similar color hues for both areas. Likewise, neither wetland category
(61 or 62) was interpreted in this area due to small size ahd lack of
spectral separation.

The color film resolution and color contrast proved generally reli-
able for interpreting all Urban and Built Up Land categories, except the
light residential (11) category, which was under full forest canopy cover.
A second interpretation was made on this film using the Kingston area from
the same frame. The film was enlarged to approximately a scale of 1:30,000
on a microfiche reader (Teledyne Post Micro-Reader., Model #64018). The
interpretation was done directly off the screen of the microfiche reader
onto clear acetate. This was later transferred onto mylar at a 1:24,000
scale using USGS topographic maps as a means of establishing the geogra-
phic reference. This interpretation was to coﬁpare both 1972 low altitude
(1:24,000) photography and the 1968 LUNR inventory (1:24,000) with S190B
color interpretation.
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The test area was 5 kilometers x 20 kilometers and included Tow
to high relief topography. The land use' varied from large areas of
forest (43} and mixed agriculture (21,24) to small rural residential
areas {11, 12). The very small, scattered areas of each land use made
deTlineation a problem But the area had been chosen because the New York
State Catskill Commission had indicated this to be an area of very high
land use change.

In general, the microfiche reader functioned very well, as it had
greater field of view, less qistortion, and more magnification than a
Bausch and Lomb Zoom Transfer Scope which was tested initially. The
Targe area visible on the screen of the microfiche reader was a dis-
tinct advantage for orientation and‘interpretation. The Targer scale
(1:24,000) interpretation and mapping made for a more detailed final
product than the interpretation on the same film at a scale of 1:62,500.

Another interpretation was made of the Newburgh area using the
NASA supplied 2X enlargement of the Color IR Film, Roll 87, Frame 299.
The procedure was the same as described above for the Color Film inter- -
pretation of the Newburgh area using the projector and backlighted
screen technique at a scale of 1:62,500.

Although Urban and Built Up Land can be easily distinguished at
‘Level I, it is difficult to discriminate the appropriate Level II cate-
gories. This seems to be due both to the resolution and spectral compo-
sition. For the same reasons, it is hard to separate the forest (43),
pasture/brushland (24), cropland (21), and wetland {61, 62) categories.,
although all open water categories are distinct due to information in
the IR band.

3.3.3 Suffolk County-Long Island
The NASA supplied 2X enlargements from the Color Film (Roll 88,
Frame 277) was used for interpretatioﬁ by the projector and backlighted

screen technique at a 1:62,500 scale.
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The intensive agricultural practices made identification of crop-~
land {21) very reliable, except when only bare, sandy soil is exposed.
These areas appeared similar to bare sand (72), extractive (14) and
intensive development (16). In these cases with which they may be
associated, the interpretation of these categories tended to rely on
configuration and proximity to other features.

The generally blue-green color of the photographic product made
separation of pasture/brushland (24) from forest (43) a hard distinc-
tion, as was noted previously in Section 3.3.2. However, the short
forest height and flat topography made the residential (1I, 12) cate-
gories more evident than in the Lower Hudson Valley test site. 1In
general, both water boundaries and wetlands could be distinguished
more readily than the Lowér Hudson Valley test site. This is probably
due to the contrast between dry, sandy soil vegetation types and the
wetland vegetation (or water).

3.4 Comparison of ERTS and Skylab S190A

The ERTS imagery and S190A photographic products were processed
according to the information in Section 2.2 and sample color composites
from each system are seen in Figure 2.2.1. The Lower Hudson Valley
(Newburgh) test site interpretation was carried out from the ERTS imagery
using the three composites listed in Table 3.4.1. The ranking of 1 to 3
is on the basis of usefulness for category interpretations.

A complete evaluation of the ERTS imagery can be found in the Final
Report-"ERTS Evaluation for Land Use Inventory, (Resource Information
Laboratory, 1974). In general, the'ERTS color composites could be used
to interpret all Level I categories, except wetlands at this time of
year. However, the Level II categories could not easily. be interpreted;
this is primarily due to the Tack of resolution which made the Urban and
Built Up Land categories very hard to differentiate. The interpretation
map from the ERTS color composites contained a minimum mapabile unit of
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ten hectares. When compared to the $190A interpretational map, the
ERTS map appeared ve}y generalized in detail and limited in the cate-
gories interpreted. Part of this variation in interpretability per-
tains to the category definitions as discussed above in Section 3.1.

When the individual bands are compared between systems, the S190A
bands are superior in contrast and resolution; however, the ERTS band
7 does seem to show more spectral information. This is probably due
to an IR spectral record that extends further into the ‘near IR region
than does the S190A Filter DD.

TABLE 3.4.1 The Three Color Composites Used For The ERTS Interpretation
of the Lower Hudson Valley Test Site. The composites
specify the band, negative or positive, diazo film color,
and diazo exposure setting on the GAF Model #240.

1. Band 5- cyan (7)
Band 7+ yellow (4)
Band 4- magenta (8) 3. Band 7+ cyan  (8)
: Band 5- yellow (4)

Band. 5+ magenta (4)
2. Band 7+ cyan (5)

Band 7- yellow (6)
Band 5+ magenta (6)

3.5 Comparison of S190A and S192 Muitispectral Systems.

The S190A filter bands are relatively broad and overlap to some
extent as shown in Figure 2.0.1. As a result, the density ranges for
various spectral categories are not discrete and tend to overlap among
different spectral bands. This is illustrated in Figure 3.2.2 where a
density range histogram shows the relationship between different land
use categories. Where there is a significant overlap in all three bands,
it is difficult or impossible to achieve any color separation, as dis-
cussed in Section 3.2.
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Therefore, a request was made to NASA to obtain a sample of the
narrow band S192 multispectral scanner data. A sample was supplied
for the Lansing, Michigan area in all thirteen bands. Only six bands
were selected (3, 5, 7, 10, 11, and 12) and enlarged to a scale of
approximately 1:125,000. Using only a 1:250,000 scale USGS topographic
map for reference, the sample density values were chosen and the CIE
model color composites were generated. Four of these color composites
are shown in Figure 3.5.1 and listed in Table 3.5.1. These sample
areas were later defined with high altitude Color IR photographs ob-
tained for the same area during September, 1972.

A visual examination of the high altitude Color IR photo compares
favorably with the color composites. No actual interpretation was done
from the S192 color composites because the experiment was carried out
very late in the project. The main purpose of the experiment was to
test the CIE Color Prediction Model for color composites using narrow
band spectral data.

In essence, greater color contrast could be obtained among the
interpretation categories in the 5192 data than in the S190A data. [t
seems evident that the objective of improving category separation using
narrow spectral bands was accomplished, although additional tests are
necessary to explore the actual potential of the $192 narrow band multi-
spectral scanner data from the full 13 band array.

oy - . mm———— = - ———————— - —

TABLE 3.5.1 The Four Color Composites From the 5192 Exampies in Fig.3.5.1.
The composites specify the band, negative or positive, diazo
film color, and diazo exposure setting on the GAF Model #240.

UPPER LEFT UPPER RIGHT
Band 7+ cyan (4) Band 5- cyan (6)
Band 11+ yellow (2) Band 5+ yellow (4)
Band 5+ magenta (4)° Band 10+ magenta (2)
LOWER LEFT LOWER RIGHT
Band 5+ cyan (6) Band 12+ cyan (4}
Band 3+ yellow (2) Band 5+ yellow (2)
Band 3- magenta (6) Band 10- magenta (6)

B o —————
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FIGURE 3.5.1 Four color composites from the S192 multispectral
scanner system taken over Lansing, Michigan, and
shown here at a scale of 1:125,000.
| +(Reference Table 3.5.1)
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4.0 COMPARISON OF LAND USE DATA OBTALNED FROM SKYLAB S1S0A
AND S190B IMAGERY

In this section, land use data obtained from Skylab S190A and S190B
imagery is compared either to 1968 LUNR data or data interpreted from
1972 low altitude aerial photography. The New York State Land Use and
Natural Resources (LUNR) Inventory provides a comprehensive land use
inventory of New York State. Black and white aerial photographs taken
in 1968 are the major source of information. Other information sources
include existing maps, reports and directories, public agency records,
and direct contact with various public officials in most counties.

The LUNR inventory provided poin%.and linear/area information on
eleven major categories of Tand use: agriculture, forest land, water
resources, non-productive tand, residential Tand use, commercial areas,
industrial areas, public and semi-public land use, and transportation.
Most of these categories were disaggregated into more detailed cate-
gories. In all, 55 of these secondary categories were identified (see
Appendix B).

A new categorization system was developed for interpretation of
Skylab imagery. Six level I and 19 Level II categories were identified
primarily on the basis of spatial and spectral response {see Section 3.1).
In ordgr to make a comparison between the two data bases, most of the 55
secondary LUNR categories were uniquely assigned to a Skylab interpreta-
tion category (see LUNR ciassification system, Appendix B). Several
LUNR categories were, however, based brimari]y on ownership or activity
characteristics (e.g., public and semi-public, and outdoorhrecreation)
and had no consistent visual or spectral characteristics. Outdoor
recreation, for example, included such diverse uses as public parks,
campgrounds, and drive-in movies. When such categories were encoun-
tered, they were re-interpreted directly from the original aerial photo-
graphs and placed into appropriate Sky]gb categories.

In addition to the comparison with LUNR data in three test areas,
a comparison was made in a fourth area (Kingston, Ulster County) to Tand
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use data interpreted directly into Skylab categories from 1972 aerial
photographs. The significance of the comparisons presented in this
section is compromised by several factors which should be considered
when evaluating the results. First, the LUNR maps are comprised of
curvilinear figures which closely approximate polygons. These polygon-
Tike figures represent the interpreters' view of what appeared to them
to be the relative boundary 1ines delineating various land use features
in the black and white photographs. Likewise, the Skylab interpreta-
tions result in maps having polygon-like figures (see Figure 3.2.1)
defined according to spectral and spatial features. The dif%icu]ty
encountered in trying to update a detailed inventory such as LUNR is
similar to matching polygons from two different data sources. Each of
these inventories has its own set of parameters which define their
prospective polygons. Differences in these parameters include different
sensor systems, scales, category definitions, and the time of year that
the data was collected.

A second problem is that most of the comparisons are made to the
LUNR inventory which is based on 1968 aerial photography. In the last _
five years, that intervened between the LUNR inventory and the Skytlab
missions, many changes in Jand use have occurred.

A third problem is that any land use data acquisition system is
not completely accurate. This is true for both the LUNR inventory and
for the direct interpretation of the 1972 photography. These inherent
errors are minimized, however, by basing the comparison on the less
specific Skylab categories. For the purpose of calculating the accuracy
of the Skylab data, as shown in the various tables, the LUNR inventory
and the interpretation of 1972 aerial photographs are considered to be
100% accurate. Ground truth checks of the 1968 data exist for the
Hudson Yalley and Suffolk County test sites. For interpretations in
these areas, adjustments have been made and are discussed in the text.

Finally, it must be noted that each Skylab interpretation repre-
sents only a sample of size, one from an infinity of possible interpre-
taiong. Different interpreters working with the same S190A multispectral
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composites or S190B photographs would undoubtedly produce somewhat diffe-
rent maps.” It is impossible to know how large the variance for each
category is without an analysis of interpretations performed on the same
area by several interpreters. Spot field checks, however, were made on
each site to verify possible land use changes or classification problems.

4.1 Comparison of Skylab S190A Data to 1968 LUNR Data {Levels I and II)

>

- .

The tables in this section compare land use data interpreted from
SkyTab S190A multispectral composites to the 1968 New York State Land
Use and Natural Resources (LUNR) Inventory for each of the three test
areas. Separate tables are developed for Level I and lLevel II Tand
use categories. The following definitions apply to the statistical tables.

Error: a; - ki

Aggregate Error: L El a; - kil

Relative Error: (ai - kil//ki

Relative Aggregate Error: 5:’:2'31- B kil
Tk

Where: a; is the area in land use category i as determined from the
S190A interpretations; and
k1 is the area in category i as derived from the LUNR inventory.

Both the category specific error and relative error are straight
forward calculations. A negative value indicates an under-estimation
of the acutal area; a positive value indicates an over-estimation. Since
the categories are mutually exclusive and exhaustive, total under-estima-
tion must equal total over-estimation. Therefore, when calculating the
aggregate error, the sum of the abso?uté values of the error is divided
in half in order to avoid double counting. In order to achieve an over-
all measure of error, the absolute value of the relative error for each
category is multiplied by the proportion of the test area in that category.
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These weighted errors are then summed and divided in half to avoid dou-
ble counting. That is, relative aggregate error is equal to:

& {ai - ki 517 .y Eilaj - kjl

ki 2 kj 2 2 ki

Although this value is intended to give an overall measure of rela-
tive error, it should not be considered in isolation from the category
specific relative errors. It is, after all, the amount of land in each
category that practitioners are interested in. Furthermore, the over-
all measure Can be misleading if Targe areas of easily discernable
categories {ie, water) are included in the test areas. Contrarily,
relative errors must be considered in relation to the amount of Tand
in the category. Large relative errors are common when only a small
amount of land is contained.in a given category. This is frequently
the case in Level II categories.

Tables 4.1.1, 4.1.2, and 4.1.3 indicate the relative error of the
S190A interpretation for each caetgory in both Level I and Level II.
The aggregate error is also sumarized for both Level I aﬁd Level II
categories. Overall Level I aggregate error for the Tompkins County
and Newburgh test sites is 12 percent while somewhat Tower for Suffolk
County at 7 percent.

Ground truth checks on the 1963 LUNR data indicate an overall accu-
racy of 95% for the Newburgh and Suffolk County sites. Using these ad-
Justed accuracTeé, the aggregate Level I error for the Newburgh sites
is 7 percent and only 2 percent for the Suffolk County site. In the
case of Tompkins County, the only figure available indicates a 16 percent
increase in developed land over the five year period from 1968-1973.

In general, cultural features tend to be under-estimated while

+ vegetative features are over-estimated. As discussed in Section 3, this
may be due in part to advanced seasonal growth which would mask some of
the cultural features. The effective error is pronounced when it is con-
. sidered that the 1968 LUNR and 1972 Kingston photography was taken in
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TABLE 4.1.1.2 COMPARISON OF SKYLAB S190A {MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL 1):

TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

EEVEL I 1968 LUNR SKYLAB S190A ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR
1 3,481 2,272 -~1,209 - .35
2 41,512 36,380 -5,132 - .12
4 9,095 s 16,140 7,045 J7
5 5,185 5,208 23 .00
6 724 0 - 724 - 1.00
7 3 0 - 3 - 1.00

AGGREGATE 60,000 60,000 7,068 12

TABLE 4.1.1.b COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL II):

TOMPKINS COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL IT 1968 LUNR SKYLAB S190A ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1.1 1,859 236 - 1,623 - .87
1.2 417 928 511 1.23
1.4 185 64 - 121 - .65
1.5 227 a0 - 147 - .65
1.6 650 964 314 .48
1.7 143 ] - 143 - 1.00
2.1 17,819 3,744 -14,075 - .79
2.2 118 0 - 118 - 1.00
2.4 23,575 32,636 9,061 .38
4.2 594 0 “ - 594 - 1.00
4.3 8,501 16,140 7,633 .90
5.1 63 0 - 63 - 1.00
5.2 5,046 5,208 162 .03
5.3 75 ¢ - 75 - 1,00
5.4 0 0 0 0
6.1 435 0 - 435 - 1.00
6.2 290 0 - 290 - 1.00
7.2 3 0 - 3 ~ 1.00
7.4 0 0 0 0

AGGREGATE 60,000 60,000 17,684 .29
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TABLE 4.1.2.a COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1958 LUNR DATA (LEVEL I):

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500}

LEVEL I 1968 LUNR SKYLAB 51904 _ ERROR RELATIVE

CATEGORIES ({Hectares) {Hectares) {Hectares) FRROR
1 7.558 6,724 - 834 - .11
2 7,929 12,808 4,879 .62
4 18,210 17,128 . = 1,082 - .06
5 3,781 e 3,340 - 441 - .12
6 2,509 0 ~ 2,509 - 1.00
7 10 0 - 10 - 1.00

AGGREGATE ) 39,997 40,000 4,878 .12

TABLE 4.1.2.b COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL II}:

NEWBURGH, ORANGE COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

ILEVEL II 1968 -LUNR SKYLAB S190A ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1.1 4,720 3,620 - 1,100 - .23
1.2 290 1,260 970 3.3
1.4 513 396 - 117 - .23
1.5 480 632 152 .32
1.6 1,215 532 - 683 - .56
1.7 340 284 - 56 - .16
2.1 1,502 860 - 642 - .42
2.2 2,125 60 ~ 2,065 - .97
2.4 4,302 11,888 7,586 1.76
4.2 56 0 - 56 - 1.00
4.3 18,154 17,128 - 1,026 - .06
5.1 3,176 2,948 - 228 - .07
h.2 142 392 250 1.76
5.3 463 0 - 463 - 1.00
5.4 0 0 0 -0
6.1 831 ¢ - 891 - 1.00
6.2 . 1,618 0 - 1,618 - 1.00
7.2 0 0 0 "0
7.4 10 0 - 10 - 1.00
AGGREGATE 39,997 40,000 8,957 .22
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TABLE 4.1.3.a COMPARISON OF SKYLAB S190A (MULTISPECTRAL) DATA TO
1968 LUNR DATA ({LEVEL I):

RIVERHEAD-SQUTHAMPTON, SUFFOLK COUNTY (SKYLAB SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190A ERROR RELATIVE

CATEGORIES  (Mectares) {Hectares) (Hectares) ERROR
1 9,239 9,084 - 155 - .02
2 12,818 9,984 - 2,384 - .22
4 17,737 21,452 3,715 .21
5, 18,575 18,520 - 85 . oo
6 1,142 88 - 1,054 - .92
7 484 852 368 .76

AGGREGATE 59,995 59,980 4,091 07

TABLE 4.3.1.b COMPARISON OF SKYLAB $180A (MULTISPECTRAL) DATA TO
1968 LUNR DATA (LEVEL I1):

RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY (SKYLAB SCALE: 1:62,500)

LEVEL II 1968 LUNR SKYLAB S190A ERROR RELATIVE
CATEGORIES  (Hectares) {Hectares) (Hectares) ERROR
1.1 5,065 372 - 4,693 - .93
1.2 261 7,512 7,251 27.78
1.4 381 1] - 381 - 1.00
1.5, 1,036 688 - 348 - .34
1.6 2,111 512 ~ 1,599 - .76
1.7 384 0] - 384 - 1.00
2.1 7,494 9,120 1,626 .22
2.2 375 8 - 367 - .98
2.4 4,949 856 - 4,093 - .83
4.2 16 0 - 16 - 1.00
4.3 17,721 21,452 3,731 ‘ .21
5.1 111 0 - 111 - 1.00
5.2 167 260 - 147 - .88
5.3 155 0 - 155 - 1.00
5.4 18,142 18,260 188 .01
6.1 921 84 - 837 - .9
6.2 220 4 - 216 - .98

. 7.2 484 852 368 .76
7.4 0 0 0 0
AGGREGATE 58,995 59,980 13,221 .22
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early spring (late March and early April) before there was any leaf
development. Water is fairly accurately interpreted, but upland wet-
lands could not be interpreted. Again, as discussed in Section 3, the
spectral response of wetlands is highly variable depending on the
season. Forest is over-estimated for several reasons: 1) the time of
year, as indicated above; 2) the category definition of brushland for
LUNR included vegetation up to 30 feet in height, whereas the Skylab
classification incjuded vegetation Tess than 20 feet in height with
less than 50% canopy cover, (this would mean that there would likely
be some‘shift to forest from a change of category definition alone);
and 3) there has been a general trend over the last five years for an
increase in forest land in New York State.

The source of error on each of the Level II categories is more
difficult to assess. In large part, it is probably due to the effects
of resolution and scale (80-100 feet and 1:62,500 for S190A; 1-2 feet
and 1:24,000 scale for LUNR). However, there is a substantial amount
of discrepancy introduced from changes in category definition. For
instance, LUNR classified three residential categories on the basis of
lot frontage. Since lot frontage would be meaningless on satellite
data, housing units per area are used. This immediately changes the
interpretation particularly with repsect to "1ight and medium residential."”
In all three areas, light residential is substantially under-estimated and
medium to heavy residential is greatly over-estimated. Combining resi-
dential as singie category results in 48 percent under-estimation for
Tompkins County, a 3 percent under estimation for Newburgh, and a 48
perceﬁt over-estimation for Suffoik County. Tompkins County is substan-
tially more rural than either Newburgh or Suffolk County with much of
the rural residential occurring as strip development along secondary roads.
In addition, most of the residential areas are Tocated on the sides of the
the fairly steep hills., Therefore, it is 1ikely that the topography and
scattered patterns combined with masking vegetation greatly affected the
interpretability of this category. This is also likely the case in the
Newburgh site, although not nearly to the same extent. Suffolk County,
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however, has relatively flat terrain and a figure of 48 percent, while
1ikely an over-estimation, it does indicate a trend of growth over a
five year period similar to that found w{th the S190B 1interpretation.
(See Section 4.2).

Summing up the relative error for the remainder of Level II urban
categories, under-estimates occur of 8 percent (Tompkins County}, 28
percent (Newburgh}, and 69 percent (Suffolk Céunty). Again, part of
the under-estimation is Tikely.due to lack of resolution and the fact
that intensively developed categories are generally small in area and
also tend to be scattered. Therefore, there would be difficulty in
mapping many of these features at scales of 1:62,500. On Suffolk County.
the soil conditions are quite sandy, resulting in a high reflectivity
as compared to Tompkins County and Newburgh. This may have resulted in
some confusion with bare soil in active cropland areas.

In the case of adricu]tura] land, most of the active cropland was
piaced in the pasture/brushland category. Since, essentially, all the
crops would have been harvested or would have evidenced distinct spec-
tral changes as result of senescence, most of this error was likely due
to seasonal variation. Most of the active cropland was identified by
the spectral contrast produced by fall plowing. )

The Level II aggregate error for Tompkins County is .29 percent and
22 percent for the Newburgh and Suffolk County sites. Using the adjusted
accuracy figures of the 1968 LUNR inventory for Newburgh and Suffolk
County, the Level II aggregate error is reduced to 18 percent for each
site.

4.2 Comparisoniof Skylab $190B Data to 1968 LUNR Data (Levels I and II)
The tables in this section compare land use data interpreted from
Skylab S190B high resoiution photography (black .and white, color, and

color infra-red) to the New York State LUNR Inventory. Separate tables
are developed for Level I and Level II categories.
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Comparisons were made for each of three test areas, and a sub-area
in Tompkins County. In Tompkins County, S1908 black and white photo-
graphy was interpreted at a scale of 1:62,500, and in addition, a 17
square kilometer sub-area was interpreted at a scale of 1:24,000. For
the sub-area, interpretations at both scales were compared to the LUNR
data base. In the Newburgh (Orange County) test area, both S190B color
and color infra-red photography were interpreted at a scale of 1:62,500
and each was compared with the LUNR Inventory. Finally, in the Riverhead-
Southampton (Suffolk County) test ared, S190B color photography was
interpreted at a scale of 1:62,500 and compared to the LUNR Inventory.

The following definitions apply to the statistical tables:

Error: bi - k4

Aggregaté Error: % X |by - kil

Relative Error: (b - kj)/kji

Rehtlive Aggregate Error: e Zzl E: - kil

Where: bi is fhe area in land use category i as determined from S190B8

interpretation; and
ki is the area in category i as derived from the LUNR Inventory.

A total of six separate interpretations were done on S190B photo-
graphy. Two interpretations were done at scales of 1:24,000, one black
and white and one color. The color (1:24,000} interpretation was over
the Kingston site, which represents a special case and is discussed in
Section 4.5. The other 1:24,000 scale interpretation was on the city
of Ithaca, using black and white film enlarged to the same scale. The
remaining interpretations were all done at map scales of 1:62,500. Black
and white film was interpreted for Tompkins County; color film was inter-
preted for the Suffolk County and Newburgh areas; and color IR was also
interpreted for the Newburgh site.

Since there are three different film types with different resolu-
tions covering three different areas, the interpretation results are

1
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such that it is difficult to make overall generalizations. Therefore,
thg discussion will proceed on the basis of each site. The S190B
black and white film has the best overall resolution for high contrast
objects. Tables 4.2.1, 4.2.2, and 4.2.3 summarize the data for Tomp-
kins County and the City of Tthaca. Level I aggregate error is 13
percent for the whole site and 17 percent for the sub-area of Ithaca
at map scales of 1:62,500. The 1:24,000 scale interpretation has a
Level I aggregate error of 20,percént. Level II aggregate error is

33 percent and 38 percent, respectively at 1:62,500, and 23 percent

at 1:24,000.

Except for water, tﬁe relative error for each of the separate
categories on both Level I and Level II is quite high. The best ex-
planation appears to-be that the interpreter was unable to discriminate
successfully among the subtle shades of gray for the very small areas
representing some of the categories. Although the reéo]ution is the
best of any of the films Tooked at, it is insufficient to pick up the
subtle nuances which are generally used to interpret many of the cate-
gories on large scale aerial black and white photography. Hence, the
interpreter is left mostly with subtleties in tone and certain broad
spatial patterns.

Aggregating the urban category data, as in Section 4.1, the rela-
tive error for residential is over-estimated 17 percent (Tompkins
County - 1:62,500), 64 percent (Ithaca - 1:62,500), and 17 percent
(Ithaca - 1:24,000). 1Intensive development is under-estimated 47 percent,
46 percent, and 42 percent, respectively. As indicatéd in Section 4.1,
developed lands representing mostly urban categories increased during
the five year period by 16 percent. Based on the 1968 ratio of resi-
dential to commercial or intensive, about 35 percent of that increase
would have been commercial and 65 percent residential. It is Tikely
that much of what was classified commercial on LUNR was interpreted on
the black and white Skylab film as medium-heavy residential.

On vegetative categories, the results are worse considering that
total areas are much larger. Active agriculture and forest are greatly
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TABLE 4.2.1.a COMPARISON OF SKYLAB S190B (B&W} DATA TO 1968 LUNR DATA

TOMPKINS COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)
LEVEL I 1968 LUNR  SKYLAB S190B ERROR RELATIVE
CATEGORIES (Hectares) (Hectares) {Hectares} ERROR

i 3,481 5,580 2,099 .60

2 41,512 34,436 - 7,076 - 17

4 9,095 14,848 5,753 .63

5 5,185 5,136 - 49 - .01

6 724 e 0 - 724 - 1.00

7 3 0 - 3 - 1.00
AGGREGATE 60,000 60,000 7,852 .13

TABLE 4.2.1.b COMPARISON OF SKYLAB S190B (B&W) DATA TO

1968 LUNR DATA
3

TOMPKINS CQUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)
LEVEL II 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1.1 1,859 2,840 981 .53
1.2 417 2,104 1,687 4,05
1.4 185 0 - 185 - 1.00
- 1.5 227 68 - 159 - 70
1.6 650 568 - 82 - .13
1.7 143 0 - 143 - 1.00
2.1 17,819 28,532 10,713 .60
2.2 118 0 - 118 - 1.00
2.4 23,575 5,904 -17,671 - .75
4,2 594 0 - 594 - 1.00
4.3 8,501 14,848 6,347 .75
T | 63 72 9 .14
5.2 5,046 5,064 18 .00
5.3 75 0 - 75 -.1.00
6.1 435 I} - 435 ~ 1.00
6.2 290 0 - 290 - 1.00
7.2 3 0 - 3 - 1.00
7.4 0 0 0 ¢
AGGREGATE 60,000 60,000 19,752 .33
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TABLE 4.2.2.a COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) {Hectares) ERROR
1 986 1,108 122 .12
2 574 264 - 310 - .54
4 a3 216 133 1.60
5 50 LY 2 .0d
6 4 0 - 4 - 1.00
7 3 0¢ - 3 - 1.00

AGGREGATE 1,700 1,700 287 .17

TABLE 4.2.2.b COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY TEST AREA&SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL II 1968 LUNR SKYLAB $5190B ERROR RELATIVE

CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR '
1.1 232 148 - 8 - .36
1.2 291 712 421 1.45
1.4 0 0 0 0
1.5 26 0 - 26 - 1.00
1.6 383 248 - 145 - .37
1.7 44 0 - 44 - 1.00
2.1 175 104 - Fa) - .41
2.2 7 0 - 7 - 1.00
2.4 392 160 - 231 - .59
4.2 0 i) 0 0
4.3 83 276 193 2.33
5.1 30 8 - 22 - .73
5.2 20 44 24 1.20
5.3 ¢ 0 0 0
5.4 0] 4] 0 0
6.1 4 0 -~ 4 - 1.00
6.2 0 0 0 0
7.2 3 ¢ - 3 - 1,00
7.4 0 0 Q0 0

AGGREGATE 1,700 1,700 638 .38
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TABLE 4.2.3.a COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR

1 986 880 - 106 - L11

2 574 . 521 - 53 - .09

4 83 240 157 1.89

5 50 59 g .18

6 4 0 - 4 -1.00

7 , 3 0 - 3 -1.00
AGGREGATE 1,700 1,700 332 .20

TABLE 4.2.3.b COMPARISON OF SKYLAB S190B (B&W) DATA TO 1968 LUNR DATA
ITHACA, TOMPKINS COUNTY- TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL IT 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares)‘ (Hectares) {Hectares) ERROR
i.l 232 427 195 .84
1.2 291 185 - 106 - .36
1.4 0 0 0 0
1.5 26 4 22 - .85
1.6 393 257 - 136 - .35
1.7 44 7 - 37 - .84
2.1 175 157 - 18 - .10
2.2 7 38 31 - 4.43
2.4 392 326 - 65 - .17
4.2 0 0 0 g
4.3 83 240 157 1.89
5.1 30 41 - i1 .37
5.2 20 18 2 .10
5.3 0 a 0 0
5.4 - 0 0 0 0
6.1 4 0 - 4 - 1.00
6.2 0 0 0 0
7.2 3 0 - 3 - 1.00

~ 7.4 0 0 Q 0

AGGREGATE 1,700 1,700 394 .23
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over-estimated, whereas, pasture/brushiand is greatly under-estimated.

To scme degree, the error refiects the fact that the LUNR category
brushland is Tumped with pasture and compared to the. Skylab pasture/
brushland category. As discussed in Section 4.1, because of differences
in seasonality and category definitions, together with the five year
growth potential, it is probab]é'that LUNR brushland should have been
incTuded in forest.

Water is interpreted with' considerable accuracy; however, most of
this is due to defining the boundaries of Lake Cayuga. Wetlands could
not be distinguished.

A

The aggregate error on the Level II categories for the 1:24,000
scale interpretation improved considerably, almost matching that of
Level I. (See Tables 4.2.2 and'4.2.3). This is Tikely due to the scale
enlargement where some subtle features normally used by an interpreter
became apparent. For example, large buildings on the Cornell University
campus and the Cornell orchards could be identified at the Targer scale.

Two interpretations, one color and the other celor IR, were done
on the Newburgh site at a scale of 1:62,500. {See Table 4.2.4 and 4.2.5).
Level I aggregate error was 13 percent for the color and 11 percent for
the color IR. Level II aggregate error was 25 percent for the color and
20 percent for the color IR.

Adjusted for the 95 percent accuracy of the LUNR interpretation,
the Level I error is reduced to 8 percent on the color and 6 percent on
the color IR. Correspondingly, Level II error is reduced to 21 percent
on the color and 16 percent on the color IR.

Cultural features were under-estimated and vegetative features were
over-estimated on both interpretations. Water was accurately interpreted
especially on the color IR, but wetlands were not detected on the color
and only to a small extent on the color IR. Again, summarizing the
relative error for Level II urban categories, residential was under-
estimated 21 percent on the color and 28 percent on the color IR. In-
tensive development was under-estimated 52 percent on the color and 24
‘percent on the color IR.

89



TABLE 4.2.4.a COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES  (Hectares) (Hectares) (Hectares) ERROR
1 7558 5,216 - 2,342 - .31
2 7,929 . 10,624 2,695 .34
4 18,210 20,720 2,510 .14
5 3,781 3,440 - 34 - .09
6 2,509 0 - 2,509 - 1.00
7 10 ] - 10 - 1.00
AGGREGATE 39,997 20,000 5,204 .13

TABLE 4.2.4.b COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL II 1968 LUNR SKYLAB S190B ERROR RELATIVE
CATEGORIES (Hectares) (Hectares) (Hectares) ERROR
1.1 4,720 2,112 - 2,608 - .55
1.2 290 1,855 1,566 5.40
1.4 513 208 - 305 - .59
1.5 480 552 72 .15
1.6 1,215 448 - 767 - .B3
1.7 340 ] 340 - 1.00
2.1 1,502 616 - 886 - .59
2.2 2,125 0 - 2,125 - 1.00
2.4 4,302 10,008 5,706 1.33
4,2 56 0 - 56 - 1.00
4.3 18,154 20,720 2,566 14
5.1 3,176 3,020 - 156 - .05
5.2 142 420 278 1.96
5.3 463 0 - 463 - 1.00
5.4 0 0 0 0
6.1 891 0 - 89 - 1.00
6.2 1,618 0 - 1,618 - 1.00
7.2 0 1] 0 0
7.4 10 0 - 10 - 1.00
AGGREGATE 39,997 40,600 10,206 .25
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TABLE 4.2.5.a COMPARISON OF SKYLAB S190B (COLOR INFRA-RED) DATA)TO
1968 LUNR DATA (LEVEL I}

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares) {Hectares) {Hectares) ERROR
1 7,558 5,560 - 1,998 - .26
2 7,929 I 9,764 1,835 .23
4 18,210 26,800 2,590 .14
5 3,781 3,696 - 85 - .02
& 2,509 136 - 2,373 - .95
7 10 44 34 3.40

AGGREGATE 39,997 40,000 4,458 .11

TABLE 4.2.5.b COMPARISON OF SKYLAB S190B (COLOR INFRA-RED} DATA TO
1968 LUNR DATA (LEVEL II)

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

~

LEVEL II 1968 LUNR SKYLAB S1908 ERROR RELATIVE

CATEGORIES {Hectares) (Hectares) (Hectares) ERROR
1.1 4,720 1,780 - 2,940 - .62
1.2 290 1,852 1,562 5.38
1.4 513 304 - 209 - .41
1.5 480 704 224 .47
1.6 1,215 304 . - 411 - .3
1.7 340 116 - 224 - .65
2.1 1,502 1,200 - 302 - .20
2.2 2,125 4] - 2,125 -1.00
2.4 4,302 8,564 ’ 4,262 .99
4.2 4] 0 0 0
4.3 18,154 20,800 2,646 .15
5.1 3,176 3,088 - 88 - .03
5.2 142 608 466 3.28
5.3 463 1] - 463 - 1.00
5.4 0 0 0 0
6.1 891 ) 76 ~ 815 - .91
6-2 1:618 60 - 1,558 - -96
7.2 0 0 0 1]
7.4 10 44 34 3.40

AGGREGATE 39,997 40,000 7,871 .20
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Pasture/brushland was greatly over-estimated. This was partly due
to factors discussed above: seasons, category definitions, and the five
year growth potential. However, on the Newburgh site, the LUNR brush-
Tand category was moved into forest. This fmproved the forest category,
but it still left the pasture/brushland category very high. It appears
that perhaps as much as 50 percent of the error is due to the large
number of orchards in the area being aggregated into pasture/brushiand.
Many of these orqhards may thg been detected on the basis of épatiaT
patterns at a grgater-magnification and mapping scale, as was the case
for the 1:24,000 scale interprétation of the Ithaca area.

The Suffolk County site was interpreted from color and had the
lowest aggregate error: 5 percent on Level I and 19 perdént on Level II.
(See Table 4.2.6) The aggregate error, however, is distorted because a -
large part of the site included ocean and estuaries. Subtracting these
areas,the aggregate error becomes 7 percent on Level I and 27 percent
on Level II. Again, adjusting these figures for the 95 percent accuracy
of LUNR yields a Z\percent aggregate error at Level T and a 23 percent
aggregate error at Level II. This is somewhat closer to the color in-
terpretation on the Newburgh site. The improvement on Level I cate-
gories over that of the Newburgh site is probably due to effects of the
level topography and the more concentrated land use on Long Island.

Aggregating the Level II urban categories relative error for resi-
dential was over-estimated by 35 percent compared to 1968 LUNR and in-
tensive was under-estimated by 32 percent. In comparing the Level II
relative error between light residential and medium to heavy residential,
based on the definitions applied to these categories, the LUNR inter-
preters placed most of the residential into the Tight category; whereas,
on Skylab it was mostly medium to heavy. In this case, most of the
developments on Long Island were cluster developments where the road
frontage was apparently relatively large as compared-to the lot depth.
Therefore, category definition probably affects the outcome in this case.

The errors in agricultural land cateéories are, again, probably
due to seasonal variations in the spectral character of the land. The
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TABLE 4.2.6.a COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY TEST AREA(SKYLAB SCALE: 1:62,500)

LEVEL I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares) {Hectares) {Hectares) ERROR
1 9,239 9,836 597 .06
2 12,818 10,449 - 2,369 - .18
4 17,737 18,264 1,527 .08
5 18,575 18,236 .- 339 - .02
6 1,142 997 - 185 - .13
7 484 1,227 743 1.54

AGGREGATE 59,995 60,009 2,860 .05

TABLE 4.2.6.b COMPARISON OF SKYLAB S190B (COLOR) DATA TO 1968 LUNR DATA
RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY TEST AREA {SKYLAB SCALE: 1:62,500)

LEVEL I1I 1968 LUNR SKYLAB S190B ERROR RELATIVE

CATEGORIES (Hectares) (Hectares) {Hectares) ERROR
1.1 5,065 780 - 4,285 - .85
1.2 261 6,384 6,123 23.46
1.4 381 424 -~ 43 11
1.5 1,036 956 - a0 - .08
1.6 2,111 1,252 - 859 - .4
1.7 384 40 - 34 - .90
2.1 7,494 10,388 2,894 .39
2.2 375 0 - 375 -11.00
2.4 4,949 61 - 4,888 - .99
4.2 16 0 - 16 - 1.00
4.3 17,721 19,264 1,543 .0g
5.1 111 ! 24 - 87 - .78
5.2 167 260 93 .56
5.3 155 4] - 155 - 1.00
5.4 18,142 17,952 = 190 - .01
6.1 921 897 - 24 - .03.
6.2 220 100 - 120 - .55
7.2 " 484 1,147 633 1.37
7.4 0 80 80 1.00

"AGGREGATE 59,995 60,009 11,416 .19
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total amount of agricuitural land interpreted is off 18 percent. It
would probabTly not be too far wrong to assume that this represents the
approximate growth of developed Tand for this part of Long Island.

4.3  Comparison of Skylab SI190A and S190B Land Use Data (Levels I and II)

Tables in this section compare the errors and reiative errors as
calculated in sections 4.1 and 4.2 for each of the three test sites.
Separate tables are presented for both Level I and Level II categories
for each of the three test sites and each film type. In general, the
aggregate error for the S190A compares favorably with that for the S190B
on both Level 1 and Level II categories. This is somewhat surprising
in that the resolution of the S190B is two to three times that of the
SlQOA. However, it does seem to indicate that multispectral imagery
can be used to good advantage over that of conventional film types used
in photo interpretation. No trends are apparent in comparing the rela-
tive error among the Level 1 and Level II categories. The error rate
appears to vary independently between the S190A and S120B among the
various levels. Part of this variation results from variations in the
Sites and in interpreter judgment. Figure 4.3.1 summarizes and contrasts
the aggregate error for both systems on all three test sites.

Three staff members interpreted the S190A and S190B data. Since,
in each case, each interpreter was either working on a different site
or a different film type, variations would naturally be introduced.
Yariations in general were greater for catedgories comprising small areas.
No attempt was made to estabiish the variation on either the relative
or aggregate error. To do so would require special tests to determinq
the average learning curve of each interpreter for each film type, and
at least five to six-different interpreters interpreting each film.
The test would have to be set up as a typical "blind fold test" where
interpreters would train .on one area and then interpret an unknown area
using information acquired in the training set. This kind of testing
ought to be done with some of the Skylab data; however, it was consider-
ably outside the scope of this project's objective and funding.
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Aggregate Error

COMPARISON OF SKYLAB TO LUNR (1968)
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FIGURE 4.3.1 Comparison of Skylab S190A and S190B Data to the 1968
(Level I categories are indicated by hatched 1ines).
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TABLE 4.3.1.a  COMPARISON OF SKYLAB S190A AND S190B (BLACK AND WHITE)
TO 1968 LUNR DATA (LEVEL T)

TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR  S190A  SIS0B  SI90A REL  S$190B REL
CATEGORIES  (Hectarss)  ERROR "ERROR ERROR ERROR

1 3,481, -1,209 2,099 - .35 .60

2 41,512 -5,132  -7,076 - .12 - .17

4 9,095 7,045 5,753 77 .63

5 5,185 23 - 19 .00 - .01

6 724 - 724 - 724 -1.00 -1.00

7 3 - 3 -3 -1.00 -1.00
AGGREGATE 50,000 7,068 7,852 .12 .13

TABLE 4.3.1.b 'COMPARISON OF SKYLAB S190A AND S190B (BLACK AND WHITE)
TO 1968 LUNR DATA (LEVEL II)

TOMPKINS COUNTY TEST AREA (SKYLAB INTERPRETATI N SCALE: 1:62,500)

LEVEL II 1968 LUNR 51904 $1508 S190A REL $190B REL

CATEGORIES  (Hectares) ERROR ERROR ERROR ERROR
1.1 1,859 - 1,624 981 - .87 .53
1.2 417 511 © 1,687 1.23 - 4.05
1.4 185 - 121 - 185 - .65 - 1.00
1.5 227 - 147 - 159 - .65 - .70
1.6 650 314 - 82 .27 - .13
1.7 143 - 143 - 143 - 1.00 -1.00
2.1 17,819 -14,075 10,713 - .79 .60
2.2 118 - 118 - 118 - 1.00 - 1.00

.4 23,525 9,061 -17,671 -39 - .75
4.2 594 - 594 - 594 - 1.00 - 1.00
4.3 8,501 7,633 6,347 91 75
5.1 , 63 - 63 9 - 1.00 .14
5.2 5,046 162 18 .03 .00
5.3 75 - 7% - 75 - 1.00 - 1.00
5.4 0 0 0 0 0
6.1 435 - 43 - 435 - 1.00 - 1.00
6.2 290 - 280 - 290 - 1.00 - 1.00
7.2 3 - 3 - 3 - 1.00 - 1.00
7.4 0 0 0 - 0 0

AGGREGATE 60,000 17,684 19,752 .29 .33
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TABLE 4.3.2.a COMPARISON OF SKYLAB S190A AND S190B (COLOR) TO
1968 LUNR DATA (LEVEL I}

NEWBURGH, ORANGE COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR S190A 51908 S150A REL S190B REL

CATEGORIES  (Hectares) ERROR ERROR ERROR ERROR
1 7,558 - 834 -2,342 - 11 . - .31
2 7,929 4,879 -2,695’ .62 - .34
4 18,210 -.1,082 2,510 - .06 .14
5 3,781 - M1 - 341 - .12 - .09
6 2,509 - 2,508 -2,509 - 1.00 - 1.00
7 10 - g - 10 - 1.00 - 1.00

AGGREGATE 39,997 4,878 5,204 .12 .13

TABLE 4.3.2.b COMPARISON OF SKYLAB:S190A AND S190B (COLOR} TO
1968 LUNR DATA (LEVEL IT)

NEWBURGH, ORANGE COUNTY TEST ‘AREA (SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR SI90A 51908 S190A REL S190B REL

CATEGORIES  (Hectares) ERROR ERROR ERROR ERROR ,
1.1 - 4,720 -1,100 -2,608 - .23 - b5
1.2 290 970 1,566 3.34 5.40
1.4 513 - 117 - 305 - .23 - .59
1.5 480 152 - .72 .32 - .15
1.6 1,215 -.683 - 767 - .56 - .63
1.7 340 - 56 340 ~ .16 1.00
2.1 1,502 - 642 - 886 - .42 - .59
2.2 2,125 -2,065 -2,228 - .97 -1.00
2.4- 4,302 7,586 5,706 1.76 1.33
4.2 56 - 56 - 58 - 1.00 -1.00
4.3 18,514 -1,026 2,566 - .06 14
5.1 3,176 - 228 - 156 - .07 - .05
5.2 142 250 278 1.76 1.95
5.3 463 - 463, - 463 - 1.00 -1.00
5.4 0 0 0 o 0
6.1 891 - 891 - 891 - 1.00 -1.00
6.2 1,618 -1,618 -1,618 - 1.00 -1.00
7.2 0 0 0 o 0
7.4 10 - 10 - 10 - 1.00 -1.00

AGGREGATE 39,997 8,957 10,206 .22 .25
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TABLE 4.3.3.a COMPARISON OF SKYLAB S190A AND S190B {COLOR IR} TO
1968 LUNR DATA (LEVEL I)

NEWBURGH, ORANGE COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR  S190A  SI190B  SI190A REL  S190B REL

CATEGORIES  (Hectares) ERROR  ERROR ERROR ERROR
1 7,558 - 834 -1,898 - .11 - .2
2 7.929 2,879  1.835 62 ‘23
4 18,210 -1,082 2,580 - .06 13
5 3.781 - 441 - 8 - .12 Y
5 2509  -2,509 -2,373 - 1.00 - .9
7 10 - 10 3 - 1.00 3.40

AGGREGATE 39,997 4,878 4,458 .12 .11

TABLE 4.3.3.b COMPARISON OF SKYLAB S190A AND S$1903 {COLOR IR) TO
1968 LUNR DATA (LEVEL II)

NEWBURGH, ORANGE COUNTY TEST AREA {SKYLAB INTERPRETATION SCALE: 1:62,500)

LEVEL II 1968 LUNR S190A S190B $190A REL S190B REL

CATEGORIES  (Hectares) FERROR  ERROR ERROR ERROR
1.1 4,720  -1,100 -2,940 - .23 - .62
1.2 290 970 1,562 3.34 5.38
1.4 513 - 117 - 290 - .23 - 41
1.5 480 152 224 .32 .47
1.6 1,215 - 683 - 411 - .56 - .34
1.7 380 - 56 - 224 - .16 - .65
2.1 1,502 - 642 - 302 - .82 - .20
2.2 2,125  -2,065 ~2,125 - .97 - 1.00
2.4 4,302 7,586 4,262 1.76 .99
4.2 5 - 56 - 56 - 1.00 - 1.00
4.3 18,154  -1,026 2,646 - .06 .15
5.1 3,176 - 228 - @8 - .07 - .03
5.2 142 250 466 1.76 3.28
5.3 463 ~ 463 - 463 - 1.00 - 1.00
5.4 0 0 0 0 0
6.1 891 - 891 - 815 - 1.00 - .9
6.2 1,618  -1,618 -1,558 - 1.00 - .96
7.2 0 0 0 0 0
7.4 i - 10 34 - 1.00 3.40

AGGREGATE 39,997 8,957 7,871 .22 .20
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TABLE 4.3.4.a COMPARISON OF SKYLAB S190A (MULTISPECTRAL) AND
$190B {COLOR) ERRORS TO' 1968 LUNR DATA (LEVEL 1)

RIVERHEAD-SOUTHAMPTON, SUFFOLK COUNTY TEST AREA{SKYLAB SCALE: 1:62,500)

LEVEL 1 1568 LUNR S190A SlShB $190A REL S190B REL
CATEGORIES  (hectares) ERROR  ERROR ERROR ERROR
1 9,239 - 155 597 - .02 .06
2 12,818  -2,834 -2,369 - .22 - .18
4 17,737 3,715 1,527 .21 .08
5 18,575 55 - 339 .0 - .02
6 1,142 -1,054 - 145 - .92 - .13
7 284 %8 743 .76 1.54
AGGREGATE 59,995 4,091 2,860 .07 .05

TABLE 4.3.4.b COMPARISON OF SKYLAB S190A (MULTISPECTRAL)-AND
S190B (COLOR} ERRORS TO 1968 LUNR DATA (LEVEL II)

RIVERHEAD-SQUTHAMPTON, SUFFOLK COUNTY TEST AREA (SKYLAB SCALE: 1:62,500)

LEVEL II 1968 LUNR S190A 51908 S190A REL 51908 REL

CATEGORIES  (Hectares)  ERROR  ERROR ERROR ERROR
1 .1 59 065 ‘4: 693 '4:285 - -93 - .85
1.2 261 7,251 6,123 97.78 23.46
1.4 381 - 381 43 - 1.00 .11
1.5 1,036 - 348 - 80 -3 . - .08
1.6 2,111 -1,599 - 859 - .76 - 41
1.7 384 - 388 - 344 - 1.00 - .90
2.1 " 7,494 1.626 2,894 .22 .39
2.2 375 - 367 - 375 - .98 - 1.00
2.4 4,949  -4,093 -4,388 - .83 - .09
4.2 16 - 16 - 16 - 1.00 - 1.00
4.3 17,721 3,731 1,543 .21 .09
5.1 111 - 111 - 87 - 1.00 - .78
5.2 167 - 147 93 ~ .88 .56
5.3 155 - 155 - 155 - 1.00 - 1.00
5.4 18,142 118 - 190 .01 - .0
6.1 921 - 837 - 24 - .91 -~ .03
6.2 220 - 216 - 120 - .98 . - .55
7.2 484 368 - 633 .76 1.37
7.4 0 0 30 0 1.00

AGGREGATE 59,995 13,221 11,416 .22 .19
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4.4 Comparison of ERTS-1 and Skylab S190A to LUNR Inventory

The ERTS-1 interpretation from data cpllected over the Newburgh
site in August, 1973, is compared to LUNR in Table 4.4.1 and to the
SI90A interpretation in Tabie 4.4.2. ERTS-1 has a resolution of approxi-
mately 100 meters; whereas, the S190A photography has a resolution of
about 30 meters. The difference in aggregate error largely reflects
the difference in resolution as discussed above in Section 3.4. MWater
details were more accurately interpreted on the LANDSAT data than on
Skylab. However, other features appeared to be more discernable on
the Skylab data.

The accuracy obtained on the ERTS interpretation was quite poor.,
For sake of comparison, an ERTS scene of August 30, 1973, was inter-
preted. By using this particular scene, it was felt that the spectral
components of the scene would not have changed much from that appearing
on the Skylab photography 20 days later. No ERTS data was available
for the time of the Skylab coverage.

The aggregate error compared to LUNR is 28 percent on Level I and
42 percent on Level II. Adjusted to reflect the accuracy of LUNR, the
error is reduced to 24 percent on Level I and 39 percent on Levéel II.

Atmospheric degradation was quite severe on this ERTS scene. In
addition, from data obtained on previous studies (Hardy, et al, 1974),
middle to tate summer proved to be the worst season to inventory most
kinds of land use. These two factors combined Tikely contributed. to
a large amount of error, particularly on the Level I categories where
better results would have been expected.

4.5 Comparison of Skylab S190B (Color) to 1972 Aerial Photography

Data and comparisons in this section differ in two respects from
those in the previous sections. First, the baseline data is derived
from 1972 aerial photography, mitigating the error resulting from land
use -change which gecurred between the acquisition of the two data bases.
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TABLE 4.4.1.a COMPARISONS OF ERTS-1 DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (ERTS-1 [NTERPRETATION SCALE: 1:62,500)

LEVEL I 1968 LUNR 1973 ERTS-1 ERROR RELATIVE

CATEGORIES (Hectares) (Hectares) (Hectares) ERROR
1 7,558 3,484 - 4,074 - .54
2 7,929 19,056 11,127 1.40
3 - - _— —
4 18,210 13,688 - 4,522 - .25
5 3,781 -~ 3,772 - 9 .00
6 2,509 ¢ - 2,509 - 1.00
7 10 0 - 10 - 1.00

AGGREGATE 39,997 40,000 11,126 .28

TABLE 4.4.1.b COMPARISONS TO ERTS-1 DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA‘(ERTS-l INTERPRETATION SCALE: 1:62,500)

LEVEL 1 1868 LUNR 1973 ERTS-1 ERROR RELATIVE

CATEGORIES {Hectares) (Hectares) {Hectares) ERROR
1.1 4,720 200 ~ 4,520 - .96
1.2 290 1,644 1,354 4.67
1.4 513 176 - 337 - .66
1.5 480 584 104 .22
1.6 1,215 876 -~ 339 - .28
1.7 340 -4 - 336 - .99
2.1 1,502 40 - 1,462 - .97
2.2 2,125 \ 0 - 2,125 - 1.00
2.4 4,302 19,016 14,714 3.42
4.2 56 .0 - 56 ~ 1.00
4.3 18,154 13,688 ~_ﬂ3466 - .25
5.1 3,176 3,128 - 48 - .01
5.2 142 644 502 3.53
5.3 463 4 - 463 - 1.00
5.4 0 0 0 0
6.1 891 0 - 89 - 1.00
6.2 1,618 1} - 1,618 - 1.00
7.2 0 0 a g
7.4 10 0 - 10 - 1.00

AGGREGATE 39,997 40,000 16,662 .42
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TABLE 4.4.2.a COMPARISON QF ERTS-1 AND S190A DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (ERTS AND SKYLAB SCALES: 1:62,50b)

LEVEL 1 1968 LUNR 1973 ERTS 1973 S190A ERTS REL  S180A REL
CATEGORIES  (Hectares) ‘ERROR ERROR ERROR ERROR

1 7,558 - 4,074 - 834 - .54 .11

2 7,929 11,124 4,879 1.40 .62

4 18,210 - 4,522 - 1,082 - .25 - .06

5 3,781 - 9 - 441 .00 - .12

6 2,509 --2,509 - 2,509 - 1.00 - 1.00

7 10 - 10 - 10 - 1.00 - 1.00
AGGREGATE 39,997 11,126 4,878 .28 .12

TABLE 4.4.2.b COMPARISON OF ERTS-1 AND. S19CA DATA TO 1968 LUNR DATA
NEWBURGH, ORANGE COUNTY TEST AREA (ERTS AND SKYLAB SCALES: 1:62,500)

LEVEL IT - 1968 LUNR 1973 ERTS . 1973 S190A  ERTS REL  S190A REL

CATEGORIES ~(Hectares) ERROR ERROR ERROR ERROR
1.1, 4,720 - 4,520 - 1,100 - .96 - .23
1.2 290 1,354 . 970 4.67 3.34.
1.4 513 - 337 | - 117 - .66 -~ .23
1.5 480 104 152 .22 .32
1.6 1,215 - - -339 - 683 - .28 - .56
1.7 . 340 - 33 - 56 -~ .99 - .16
2.1 1,502 - 1,462 - 542 - .97 - .42
2.2 2,125 - 2,125 -~ 2,065 -1.00 - .97
2.4 4,302 14,714 7,586 3.42 1.76
4.2 . 56 - 56 - - .56 -1.00 - 1.00
4.3 18,154 - 4,466 - 1,026 - .25 - .06
5.1 3,176 - 48 - 228 - .0 - .07
5.2 142 - 502 250 3.53 1.76
5.3 463 - 463 - 463 -1.00  --1.00
5.4 0 0 L0 0 0
6.1 891 - 81 - 81  ~-1.00 - 1.00
6.2 1,618 '~ 1,618 - 1,618 - 1.00 - 1.00
7.2 0 0 0 - 0 0
7.4 10 -~ 10. - 10 - 1.00 - 1.00

AGGREGATE 39,997 16,662 8,957 .42 .22
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Second, data is referenced to the UTM grid at the hectare Tevel (ie, grid
Tines are at intervals of .01 kilometers). For both data bases, each
cell in the test area 1is coded according to its predominant use.

Three comparisons are made. Table 4.5.1 is an area-wide compari-
son of S190B to LUNR similar to those in Sections 4.1 and 4.2, except
that in this case the comparison is made on a cell to cell basis at the
hectare level. Table 4.5.2 makes the same comparison to 1972 photography
interpreted by using the same category definitions used for Skylab (see .
Table 3.1.1). Table 4.5.3 makes a direct comparison between the 1968
LUNR interpretation and the 1972 photo interpretation.

Data was recorded first on Opscan mark sense forms* along with the
UTM coordinates for each hectare cell for each of the three interpreta-
tions of an area 5 x 20 kilometers. This resuited in a total of 30,000
cells of information which had to be merged and compared. In addition
to the cell comparisons summarized in the tables, a Tisting was made of
the total number of cells compared to each category. This indicated
into which category misclassified or mismatched cells were placed.

A second variable in making comparisons that has not been discussed
so far is translational error. This is the error incorporated into
any map related to how accurately the interpreter records information
on a point to point basis. This is a particular consideration for com-
puter ‘storage systems since information stored cannot be easily adjusted
to account for a slight shift in boundary lines. When making visual
comparisons, the user generally compensatés by observing the shapes and
relative positions of the areas being compared.

The aggregate error shown on Table 4.5.1 comparing the S190B color
at 1:24,000 scale to the LUNR interpretation at the same scale, is 17
percent on Level I and 27 percent on Level II. The LUNR accuracy for
this site is only 84 percent. Therefore, the total adjusted aggregate
error would only be 1 percent at Level I and 13 percent at Level II.

*Manufactured by Optical Scanning Corpora%ion
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TABLE 4.5.1.a COMPARISON OF SKYLAB 51908 (COLOR} TO 1968 LUNR DATA
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB SCALE: 1:24,000)

LEVEL I 1968 LUNR 1973 S190B ERROR RELATIVE
CATEGORIES (Hectare;s ) {Hectares) (Hectares) ERROR
g* 138 138 0 0
1 1,497 538 - 959 - .64
2 2,442 1,883 - b5g - .23
4 5,407 7,093 1,686 .31
5 299 250 - a3 . - .16
6 216 98 - 118 - .55
7. 1 0 - 1 - 1.00
AFGREGATE 16,000 10,000 1,686 .17

TABLE 4.5.1.b COMPARISON OF SKYLAB S190B (COLOR) to 1968 LUNR DATA
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB SCALE: 1:24,000)

LEVEL IT 1968 LUNR 1973 51908 ERROR RELATIVE
CATEGORIES {Hectares) {Hectares) {Hectares) ERROR

% 138 138 . 0 1]
1.1 1,021 397 - 624 - .b1
1.2 261 35 226 .87
1.4 70 7 - 63 - .90
1.5 68 54 - 14 - .21
1.6 20 40 20 1.00
1.7 57 5 - 52 - .91
2.1 361 1,200 839 2.32
2.2 1 . 0 - 1 - 1.00
2.4 2,080 683 - 1,397 - .67
4.2 139 0 - 139 - 1.00
4.3 5,268 7,093 1,825 .35
R 245 250 5 .02
5.2 54 0 - b4 - 1.00
5.3 0 0 0 0
5.4 0 0 0 0
6.1 71 21 - 50 - .70
6.2 145 77 - 68 - .46
7.2 1] 0 0 0
7.4 1 0 - 1 -1.00
AGGREGATE 10,000 10,000 2,689 .27

*Cells not recorded in the computer tabulation.
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TABLE 4.5.2.a COMPARISON OF SKYLAB S190B {COLOR) TO 1972 PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL I 1972 PHOTGS 1973 5190B ERRCR RELATIVE
CATEGORIES (Hectares) {Hectares) (Hectares) ERROR

0* 528 138 0 1]

1 834 538 - 29 - .35

2 2,167 1,883 - 284 - .13

4 5,951 7,093 1,142 .18

5 308 250 - 58 - .19

6 212 93 - 114 - .54

7 0 0 0 I

AGGREGATE 10,000 10,000 1,142 .11

TABLE 4.5.2.b COMPARISON OF SKYLAB 51908 (COLOR) TO 1972 PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL 11 1672 PHOTOS 1973 S190B ERROR RELATIVE
CATEGORIES (Hectares) {Hectares) {Hectares) ERROR
0% 528 138 - 0 0

1.1 663 397 - 266 - .40
1.2 46 35 - 11 - 24
1.4. 25 7 - 18 - .72
1.5 65 54 - 1 - 117
1.6 35 a0 5 -14
1.7 0 5 5 1.00
2.1 1,163 1,200 37 .03
2.2 1 0 - 1 - 1.00
2.4 1,003 683 - 320 -3
4.2 1,001 0 -1,001 - 1.00
4.3 2,950 7,003 2,143 .43
5.1 269 250 - 19 - .07
5.2 39 0 - 39 - 1.00
5.3 0 0 0 0
5.2 0 0 0 0
6.1 0 21 21 1.00
6.2 212 77 - 135 - .68
7.2 0 0 0 0
7.4 0 0 0 0
AGGREGATE 110,000 10,000 2,211 .22

*Cells not recorded in the computer tabulation.
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TABLE 4.5.3.a COMPARISON OF 1968 LUNR TD 1972 AERIAL PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 1:24,000)

LEVEL I 1968 LUNR 1972 PHOTOS ERROR RELATIVE
CATEGORIES {Hectares) (Hectares) {Hectaras) ERROR
o* 138 528 0 0
1 1,497 834 -~ 663 - .44
2 2,442 2,167 - 275 - .11
4 5,407 5,951 544 ‘.10
5 299 308 9 .03
6 216 212 - 4 - .02
7 1 0 - 1 -100
AGGREGATE 10,000 10,000 943 .09

TABLE 4.5.3.b COMPARISON OF 1968 LUNR TC 1972 AERIAL PHOTOGRAPHY
KINGSTON, ULSTER COUNTY TEST AREA (SKYLAB INTERPRETATION SCALE: 13;24,000)

rd

LEVEL II 1968 LUNR 1972 PHOTOS ERROR RELATIVE

CATEGORIES (Hectares) (Hectares) (Hectares) ERROR
o* 138 528 0 0
1.1 1,021 663 - 358 - .35
1.2 261 a6 - 215 - .82
1.4 70 25 - 15 - 64
1.5 68 65 - 3 - .04
1.6 20 35 15 .75
1.7 57 0 - 57 - 1.00
2.1 361 1,163 802 2.22
2.2 0 0 0 0
2.4 2,081 1,004 . -1,077 - .52
4.2 139 1,001 862 6.20
4.3 5,268 4,950 - 318 - .06
5.1 245 269 . 24 .10
5.2 54 39 - 15 - .28 .
5.3 0 0 0 0
5.4 "0 0 0 0
6.1 71 0 - 7 - 1.00
6.2 145 : 212 67 . .46
7.2 0 0 0 0
7.4 1 0 - 1 - 1.00"

AGGREGATE 10,000 " 10,000 2,160 22

*Cells not recorded in the computer tabulation.
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Very T1ikely, these adjusted figures are somewhat specious. However,
this again demonstrates the necessity to apply more rigorous statis-
tical methods to determine the accuracy of the interpretation for
various categories in an inventory. Making the same comparison to

the 1972 photography, the Level I aggregate error is 11 percent and

22 percent. The relative error among the categories is also much Tower
in Table 4.5.2 than in Table 4.5.1. However, iooking at Table 4.5.3,
which compares LUNR to the 1972 photography, there is a aggregate error
of 9 percent on Level I and 22 percent on Level II. Part of this error
reflects land use change over four years, but probably a bigger source
of error comes from three sources: 1) differences in category defini-
tion, 2) interpretation variability, and 3) translational error. In
the case of the residential sub-categories, it is 1likely that the
discrepancies are due in part to the LUNR category definition and in
part to the actual interpretation. According to Tocal officials, the
region was supposed to have undergone an increase in the number of rural
residential units. If this is the case, then one can only conclude
that the 1968 interpretation was in error, or that the interpreter was
Tiberal in circumscribing areas around these uniis.

It should be stressed here that numbers representing various cate-
gories on any photo interpretation are only relative to the rest of the
interpretation. In no way should they be considered absolute numbers.
This poses certain problems in comparing data from two different Sources
in that the total error and variation about the mean error is seldom,
if ever, calculated. But without such information, it is not possible
to give precise accuracy figures or make statistical comparisons among
different interpretations of the same area or different areas.

In further examination of Table 4.5.2, only five of the nineteen
categoriés had any substantial number of hectares. Of these, light
residential was generally scattered. Even so, in absolute numbers the
error is not as great as the percentages would seem to indicate. Exami-
nation of the totals for the cell by cell comparison reveal that most
of the light residential, not categorized as such, was placed %n the
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forest category. As large areas are heavily forested, this would indi-
cate that the canopy was obscuring a good portion of the résidential
units. Photography obtained in a different season would probably reflect
a more accurate level for this category.

The same tabulation shows that active agriculture, pasture/brush-
Tand and forest were often confused. Some of the error is undoubtedly
translatijonal error; however, as discussed previously, additional varia-
tion is introduced with the time of year involved plus the small size
of the areas c9ncerned.

Coniferous forest was not detected. The cell by cell comparison
shows that most of it was lumped into the mixed forest category. Com-
bining these two categories brings the error down to 19 percent over-
estimation. An inventory update for this area, using 1972 photography
showed that the Catskill region, which included this test site, had an
increase in forest land although the average increase was not tha%'high.*

*Land Use and Natural Resources (LUNR) Inventory - Ulster County, prepared
for the Temporary State Commission to Study the Catskills, by the R.I.L.,
Department of Natural Resources, Cornell University, September 1974.
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5.0  ASSESSMENT OF SKYLAB PHOTOGRAPHIC SENSORS FOR LAND USE INVENTORIES

During the course of this study. a sample of each film type exposed
in the SL3 Mission has been examined from both the S190A and S190B photo
systems with respect to its interpretability for various land use cate-
gories. The results of various intrepretations have been described in
detail in Sections 3 and 4. This section will attempt to assess each
sensor/film type combination as to its relative utility for land use
inventory analysis and its potential for updating an existing inventory.

e R

For the readers' clarification, it should be kept in mind that
statements on assessments of the various film/sensor systems are limited
to this one time period. In various sections of the report, statements
appear in the text concerning seasonality effects. These are generally
based on previous experience with LANDSAT (ERTS-1) data or aerial photo-
graphy. Additional comments on seasonality effects will appear in
Section 5.3.

Overall, in terms of interpreter preference, a ranking of sensor/
film types would be as follows: 1) S190B color, 2) S190A multispectral
color composites, 3) $190B black and white {in certain categories, spe-
cific spatial patterns were characteristics: this would be preferred to
the color composites because of the increased resolution), 4) S190B
color infra-red, 5) S190A color, 6) S190A color IR. Because of the
gooé tonal contrast and excellent resolution, the S190B color proved
to be the overall best choice for conventional photo interpretation
assuming that special equipment is used to enlarge the scene to its reso-
Tution Timits. In situations where a facility does not have expensive
viewing equipﬁent, enlargements of black and white color separations can
be made to any desired scale and then reconstituted to approximate color
by the diazo process as shown in Figure 2.3.1. Although some detail may
be Tost in the color separation process, the overall effect is to in-
crease the amount of information that an interpreter can extract at this
larger scale, compared to interpretations done at smaller scales.

The black and white S190B has the best resolution properties. How-
ever, from an interpreter's view, the tonal distinctions feor various
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land use categories are often not discrete enough to give a high tevel
of confidence on accuracy, particularly on vegetative features. Never-
theless, certain features which have specific spatial patterns are
defined sufficiently only on the black and white (S190B), such as
orchards and residential categories (particularly light residential)}.
In these cases, extreme enlargements of the high resolution black and
white film can provide reasonably accurate information on the location
and areal extent of these categories.

The 51908 color infra-red film is best used for interpreting water
related information, including wetlands. The experience gained on
this project is 1imited to coverage near the end of the growing season
in the middle of September. Most agricultural crops have been already
harvested by this time leaving stubble and undergrowth in the fields.
Therefore, 1t is not expected that there is as much spectral distinc-
tion among vegetative categories at this time as might be the case in
different parts of fﬁe growing season.

The color and color infra-red films examined‘on the S190A were
the 4X enlargements provided by NASA. Although the quality in terms
of color balance and resolution appeared to be improved over the
original 70mm dupes, neither film type compared favorably with infor-
mation which could be derived from the S190A color composites. In
the case of the infra-red film, the resolution was much worse than
what could be obtained by synthetically constructing a color infra-
red composite from the black and white filtered S190A bands (AA+,
BB+, DD+). Likewise, neither the resolution nor the tonal contrast
of the S190A color film -could match that obtained with vardous color
composites constructed to enhance and contrast specific categories.

5.1 Information Content with Respect to Spectral Bands
In applying the CIE Color Prediction Model for analysis of the

density variations among the SI90A filtered black and white bands,
one can maximize the number of category separations. Since the model
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works on the basis of black and white density inputs, repeatability
is hampered mostly by variations in the diazo dyes. Except where
density differences between two categories are very slight, resulting
in poor color contrast, most people with normal color vision Should
not have much difficulty interpreting the results.

In view of the data analysis in Section 4, it is apparent that
the interpretation results from the S190A compared very favorably
with that obtained from the S190B. Since the resolution of the S190B
was two or three t{mes greater-than the S190A, one can only conclude
that compositing and color coding densities from the multispectral
bands results in better category discrimination and increased accuracy,
assuming equivalent resolution of the film/sensor configuration, than
in the case with conventional black and white, color, or color infra-red.

Certain problems exist with the spectral band configuration chosen
for the S190A. In general, the spectral bands are much too broad for
good category separation based on discrete density ranges. This is
complicated by the fact that in each case the filter bands overlap
considerably (reference Figure 2.0.1). Since the percent transmittance
in the overlap areas range up to nearly 40%, a considerable amount of
continuous tonal overlap can be expected, ie, densities from filter
band AA would tend to grade into densities in filter band BB. The
resuits of this filtering have been discussed in Section 3.2, and sum-
marized in Figure 3.2.2. As indicated in Section 3.5, narrow band data
obtained from an $192 converted film product collected over Lansing,
Michigan, upon inspection, appeared to give much more discrete separa-
tions than the broader band S190A coverage used in New York. This view
seemed to be confirmed when high altitude color infra-red photography
was obtained for the same areas. It should be noted, however, that
no comparison of bands from equivalant regions was made since there was
not immediate availability of S190A coverage of the Lansing, Michigan
area. Therefore, only a qualitative assessment can be made.

Only six of the spectral bands on the 13-channel S$192 scanner
were selected after careful inspection. Selection was based on
observable density shifts from band to band and on whether the bands

111



i

collected data along important segmenté of the characteristic chloro-
phyll curve. Since only a singie test was run, it is not possible

to speculate on what the full potential of the narrow band S192 data
might be. However, it appears that enough distinctions are evident
between the S190A and S192 to make possible applications for proposed
narrow band multispectral scanner systems very intriguing.

It should be noted that many of the major density discriminations
on the selected $192 channels occurred in the infra-red bands from
1.0 to 2.43 nanometers. This region cannot be photographed. Since
this is the case, it is Tikely that electronic scanner systems which
also have the capacity of collecting thermal data will Tikely be the
major collection devices of the future, especially where great reso- )
Tution 7s not required.

In cases where resolution is a major factor, it seems quite rea-
sonable, based on the data shown, to suggest that four earth terrain-
mapping cameras be constructed in a S190A camera mode. Each camera
should have a narrow band filter which yiglds discrete data segments
from the characteristic chlorophyll curve. These data segments
should include the maxima and minima refleciance regions of chlcro-
phy11 in the visible region as well as a single band well into the
near infra-red which does not include the Teading edge of the infra-
red portion of the curve. That portion of the curve apparently shifts
considerably with changes in the growing season as well as with spec-
tral variations among different vegetation types. Since density values'
recorded on film are an average of the transmittance.received by that
band, care should be taken so that the average transmittance of the
“chierophyll curve in one band path does not approximate that in another
band path. If this occurs, a continuous gradation of tone in some
categories might occur between two adjacent bands making separation
difficult or impossible.

5.2 Effects of Resolution on Category Definitions

As it has been stated in previous discussions, the increased
resolution of the S190B film/sensor system contributed greatly to the
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ease in interpretability of those categories which have less distinct
spatial patterns such as 1ight residential, orchard, and intensively
developed areas. This is not to contradict the data shown in Section 4,
but merely to emphasize that interpretability is influenced by a number
of factors, one of which is being able to easily associate certain
patterns with a familiar category such as a residential complex. The
resolution 1imits of the $190B sensor are such that it does permit the
identification of very large man-made structures as can be seen in the
black and white enlargement of~Ithaca (Figure 2,3.2), but most physical
structures are not that large. As indicated above, the color $190B sys-
tem is preferred for two important reasons: 1) good resolution which
begins to put spatial patterns into more meaningful relationships, and
2) it presents a more pleasing scene which the interpreter can again
easily translate. The ground resolution element of the S190B color
covers about 2,500 square feet. Few residential units are that Jarge
and are therefore not directly identified on the basis of a single
point. but only as a pattern of points. In this sense, one would expect
a greater interpretation bias for picking up organized residential units
such as within a city or clustered subdivisions. There is considerable
evidence to suggest that a great deal of urbanized expansion takes

place intiallly as individual scattered units interspersgd among several
different land use types. Therefore, unless these units are large
structures,~ such as a shopping cenfer, they will probably go unde-
tected most of the time simply because they do not exhibit a readily
identifiable pattern and the resolution is insufficient to specifically
identify the object.

Another factor which may account for somz increased detectability
of new residential units vs. older ones is the type of roofing material
used. Many new houses tend to use light colored, highly reflective
roofing. Many older ones have darker non-reflective materials. To
what extent this is a factor is unknown, but anything that would raise
the albedo level would increase the detectability.

In the case of the S190A color composites, some of the areas were
correctly classified as being spectrally different from surrounding land
use on the basis of increased contrast. This contrast varies among the
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different spectral bands. As such, it is possible to generate a diffe-
rent hue reflecting a different Tand use even though the spatial pattern
may be indistinct. In the case of conventional black and white or color
film, the tonal contrast may not be sufficient by itself to identify
discrete features among integrating Tand uses. Therefore, except where
patterns are evident, a great deal of urbanized expansion is likely to
go undetected especially where complex land use patterns and topography
exist. This appears to be the case in the Tompkins County and Newburgh
sites in contrast to the more organized and uniform site on Long Island.
These difficulties are reflected in the tables in Section 4.

It should be kept in mind that one of the main advantages of sate-
Tlite systems is the synoptic view obtained from the space platform.
From its vantage point, the satellite can view macro-processes that
can only be glimpsed piecemeal, if at all, from airborne systems. Per-
haps, not enough attention is being focused on analyzing these macro-
processes, particularly those related to land use and natural resources.
(The weather satellites already prqvide important information on macro-
processes affecting our climate). It is undoubtedly a major feat to
classify individual acres of land or even smaller features from space,
but the guestion should be raised whether the information gained is
sufficiently accurate and useful to compete with data already available
or easily acquired by local agencies. This question as it applies to
New York State is addressed in part in Section 6.

Category definitions can be shaped by the resolution of the sensor
used or they can dictate the necessity of acquiring data with a minimum
resolution. To a large extent, both the type of sensor system and a
minimum reguired resolution are important to obtain useful information.
The difficulty is in defining the categories in some hierarchical order
from general to speeific that accounts for the spatial and spectral
properties at each level of classification. In order to arrive at an
optimal system more information is required on user needs and how data.
once acquired, is finally applied. Thereafter, better sensor systems
can be defined which will more fully.-meet the requirements of the user
community (see the discussion in Section 7).
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Restricting this assessment to sensors used in the Skylab Project,
the most optimal system with respect to resolution is the S190B earth
terrain camera. As indicated above, the maximum resolution of this
sensor using black and white film appears to be about 30 to 40 feet.
Referencing the discussion in Section 4, the maximum benefits of this
resolution are only evident with extreme magnifications. But, again,
Tack of tonal separation and spectral distinctions limits the usability
of conventional black and white film. The benefits of both tonal sepa-
ration and spectral distinction are evident when comparing the inter-
pretation results between the SI90A and the S190B. By increasing the
contrast of land use categories within a scene as can be done with
spectral data combined with the abitity to discriminate patterns with
increased resolution in the S]éOB camera, much more information should
be derived without the requirement for new technical developments.
Therefore, as discussed in the previous sections, using the earth terrain
camera in a spectral mode would appear to be the most efficient use of
existing equipment.

5.3 Effects of Seasonality on Land Use Interpretations

As indicated in various comments in Sections 3 and 4, seasonal
changes very 1ikely have considerable infiuence on the interpretability
of certain categories of land use. Most obvious are the categories
made up of vegetation or associated with vegetation. Phenological shifts
throughout the year dramatically affect the object to background con-
trast ratio. Such shifts will affect the interpretation of all the
vegetation categories. The most difficult part of the problem is
defining the transition zone of integrating categories, for instance,
forest to brushland to pasture to active agriculture, or pasture to
Tight residential, or forest/brushland to residential. The most diffi-
cult time to get éood object to background contrast is middie to late
summer. The best contrast ratio appears to be in Tate spring when
teafing is commencing, or early fall when senescence and coloration of
the foliage has started.
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Since MNew York State coverage on Skylab missions was restricted to
September 10-19, 1973, no seasonal changes were observed. However,
some seasonal analysis was accomplished on ERTS (LANDSAT) data (Hardy,
et al, 1974). Results of that study indicate that changes in the spec-
tral response of vegetation will cause shifts in the size of parcels
of vegetation categories and correspondingly in urban or residential
areas. Since vegetated areas may be small in spring and fall and
correspondingly expand in summer, areas for other categories adjoining
would show inverse relationships. On the basis of interpretation results
obtained in the ERTS study on New York State, mid-May or mid-October
would Tikely provide the best results on land use interpretation 