
FLOYD M. HENDERSON 
Department of Geography 

State University of New York at Albany 
Albany, NY 12222 

A Comparison of SAR 
Brightness Levels and Urban 
Land-Cover Classes 

Urban and non-urban land cover was mapped and land-cover type 
examined in terms of the homogeneity and heterogeneity of its SAR 
signal response. 

INTRODUCTION 

T HE INCREASED AVAILABJLITY of radar imagery, par- 
ticularly digitally processed space imaging syn- 

thetic aperture radar (SAR) systems, has focused at- 
tention on the necessity of more precisely defining 
and understanding the radar signalltarget relation- 
ship for a broad range of applications. Moreover, 
such effort is paramount given the interest in de- 

In previous work digitally processed Seasat SAR 
imagery of Denver, Colorado (Henderson and 
Wharton, 1980) was examined. Among the conclu- 
sions were that (1) the urbanlnon-urban boundary 
as well as land cover at a modified Level 11 detail 
could be delimited using a piecewise linear contrast 
stretch image of the raw data; (2) interpretation ac- 
curacies for large and intermediate scale imagery 

ABSTRACT: A digitally processed Seasat SAR (L-band) scene of Harrisburg, Penn- 
sylvania is examined using linear contrast stretch, window-averaging filters, image 
enlargements, and iterative density level slicing techniques. A total of 33 images 
were generated and interpreted by manual and semi-automated procedures. In 
addition to discriminating urban versus non-urban land cover, each land-cover 
type was examined in terms of the homogeneity and heterogeneity of its SAR signal 
response. The most accurate results were attained with a black-and-white maximum 
enlargement image that had been subjected to linear contrast stretch (83.1 percent 
accuracy). Little correlation was found between a land-cover class and its SAR signal 
response pattern. Each iterative response level contained diverse land-cover types 
and, conversely, each land-cover type was characterized by range of brightness 
(density) levels. An explanation involves a combination of environmental and radar 
system parameters. The merits of using both tone and texture information and the 
complex nature of the radar signallurban terrain response relationship continue 
to point to humanlmanual image analysis. 

veloping semi-automated remote sensing interpre- 
tation techniques per se as well as determining the 
role of SAR data as a component in merged data sets. 
The purpose of this study is to explore the utility of 
digitally processed SAR imagery for urban land-cover 
mapping by examining (1) the effects of selected fil- 
tering and averaging techniques and (2) the agree- 
ment between urban land-cover classes and SAR 
signal return as expressed by brightness levels. 
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enlargements were comparable; and (3) density 
slicing and color coding the imagery was of little if 
any value. However, in order to evaluate the con- 
sistency of these results, additional work was rec- 
ommended using urban areas in other environments 
and additional preprocessing techniques. 

In a continuation of this effort, Wharton and Hen- 
derson (1982) conducted a ~reliminary analysis of 
Seasat SAR imagery of the Harrisburg, Pennsylvania, 
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area. Among their conclusions were that environ- 
ment and urban morphology did affect interpret- 
ability. For the Harrisburg area it was not possible 
to interpret land cover by type, and even urban/ 
non-urban discrimination was dflicult. While con- 
trast stretch did improve interpretation, the results 
were inconsistent for the 15 image generations ex- 
amined. Moreover, a higher accuracy was attained 
with the large scale imagery. Last, they found that 
color-coded density sliced imagery was inferior to 
black-and-white imagery. 

This study employed the same digitally processed 
Seasat SAR (L-Band) image of Harrisburg, Pennsyl- 
vania, obtained on ascending pass 1296, 25 Sep- 
tember 1978. The purpose was to examine the re- 
lationship between urban land-cover categories and 
SAR brightness levels as expressed by density slices. 
Thirty-three image generations were employed in 
an expanded test of urban land-cover mapping po- 
tential. Land cover was defined as urban by an in- 
cremental stepped procedure to determine the ac- 
curacy attained by varying the urbanlnon-urban 
breakpoint among the level slices. Second, the com- 
position of residential land-cover categories and 
brightness levels (density slices) was examined for 
each of the six filtered images. That is, the number 
and proportion of each land-cover type within each 
level slice was calculated to obtain a measure of the 
homogeneity/heterogeneity of that brightness 
range. Conversely, the homogeneity of each land- 
cover type's signal response was determined by cal- 
culating the proportion of each brightness range 
within each land-cover category. 

The Harrisburg SAR scene was analyzed at two 
scales, 1:51,000 and 1:145,000. The former was the 
maximum enlargement possible without resampling 
the data. The latter scale was selected for analysis 
based on the earlier Denver work (Henderson, 
1980). 

At each scale two approaches were employed-a 
visual interpretation of the black-and-white image 
and a semi-automated machine/visual interpretation 
(i.e., generation of land-cover classes by density 
slicing the image gray levels, assigning colors to the 
classes, and visual interpretation of the color image). 

The imagery was generated using the NASA God- 
dard Space Flight Center's Electromagnetic Sys- 
tems Laboratory (ESL) IDIMS digital image analysis 
system. In addition to the raw data imagery, piece- 
wise linear contrast stretch was applied to the ap- 
propriate subset of each image. Smoothing was per- 

formed by using a 3 by 3, 5 by 5, and 7 by 7 pixel 
filter and the ESL IDIMS (ESL, 1980) convolution 
function. Positive prints of each data set were pro- 
duced for subsequent visual/manual interpretation. 
Initial attempts to discriminate Level I1 land-cover 
detail were unsuccessful (Wharton and Henderson, 
1982). The decision was then made to define the 
urban fringe by using only two classes of land cover: 
urban and non-urban. The stretched data and each 
window-averaged scene at both scales were sliced 
and color-coded by an iterative process (Henderson 
and Wharton, 1980). Break points in the histograms 
were selected, and the resulting classes were de- 
fined in terms of known land-cover patterns and the 
observed spatial distribution of SAR signal response 
patterns. 

Each of the filtered, density sliced scenes was 
then partitioned into seven color-coded classes, and 
the urbanhon-urban land cover was defined by vi- 
sual/manual interpretation. Next, only the itera- 
tively-derived break points were used to classify 
land cover. That is, land cover was defined as urban 
or non-urban solely on the basis of its response level 
(color) to determine the merit of such an objective, 
automated approach. The two highest and two 
lowest level slices were defined as urban and non- 
urban, respectively. The intervening colors (level 
slices), to a greater or lesser extent, contained both 
land-cover types. By adding each of these three 
levels consecutively to the urban class and calcu- 
lating the resulting accuracy, an estimate of semi- 
automated urban land-cover detectability was at- 
tained for four breakpoints, two scales, and three 
filters. The procedure also provided some indication 
of the relationship among land cover, SAR brightness 
response, and texture as represented by filtering. 

The last part of the study used each of the color- 
coded density sliced images to determine the mix 
of land cover found in each density slice. For this 
step Level I1 land-cover classes (Anderson et al., 
1976) were employed. Ground data used for com- 
parison with the SAR data to establish accuracy con- 
sisted of 1972 USGS land-use maps updated with con- 
temporary (1978) black-and-white and color infrared 
aerial photography and an on-site visit. For each 
data set the color-coded SAR image was placed over 
the revised ground data land-use map, and a con- 
tingency table was generated using a grid repre- 
senting 4-acre units on the ground and a systematic 
unaligned sampling technique. In each instance the 
entire study area was classified. In deriving errors 
of omission and commission for each phase or ap- 
proach and SAR image, the following equations (after 
Estes and Senger, 1971) were used: 

(# of cells classified into a category 
% Omission = 100% - x 100) 

total actual cells in that category 

total number of commission errors for a category 
% Commission = total possible responses - total possible correct X 100 

responses for a category 
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RESULTS AND DISCUSSION 
For brevity, the following terms will be used in 

discussing the respective image scenes: CITY = 
large scale (1:51,000) image scene enlargements; 
OVW = small scale (1:145,000) overview SAR scene 
enlargements of the urban area; COLOR = color 
coded density sliced scenes; 3 x 3, 5 x 5, etc. = 
pixel filter scenes. 

The interpretation errors and accuracies attained 
in discriminating urban from non-urban land cover 
for the black-and-white scenes generated at two 
scales with the selected pre-processing algorithms 
have been reported earlier in Wharton and Hen- 
derson (1982). For comparative purposes, a brief 
summary is in order. At the CITY scale the highest 
accuracy was achieved with the data that had been 
piecewise linear stretched (83.1 percent) while the 
raw SAR data scene produced the poorest results 
(45.1 percent). An examination of the raw data OVW 
scene indicated that interpretation would be of little 
value due to excessive speckle; it was omitted from 
further study. As a rule, none of the smaller scale 
(OVW) scenes was as accurate as the CITY scenes. 
Also, the OVW stretched data were not the most 
accurate, a position now assumed by the 5 by 5 
filtered scene. 

At the smaller (OVW) scale, instances of high re- 
turn erroneously designated as urban land cover 
were actually groups of farm buildings, stream 

banks, tree lines, and other non-urban features with 
corner-reflector or other high return properties also 
characteristic of urban land cover. These non-urban 
cover types appeared to be outliers of urban activity 
on the urban fringe. This fact may explain why the 
filtered scenes proved better than the stretched 
scene at this scale because many of these isolated 
high returns were lost when the pixels were aver- 
aged and filtered. That is, texture and speckle vari- 
ations that contributed to confusion and uncertainty 
to the interpretation were lessened by the 
smoothing process inherent in the filter algorithm. 

COLOR: The results of the visually interpreted 
color scenes and break-point derived color classifi- 
cation can be seen in Table 1. At the CITY scale 
there was no significant difference among the three 
COLOR pixel scenes that were visually interpreted. 
An accuracy of around 70 percent was attained for 
each with similar errors of omission and commis- 
sion. At the smaller OVW COLOR scale, however, 
the 7 by 7 COLOR filter proved the most accurate 
(68.2 percent). This scene produced the most gen- 
eral view of the urban area by averaging out in- 
stances of small, isolated high return that were er- 
roneously interpreted as urban land cover on the 3 
by 3 and 5 by 5 COLOR scenes. In effect, the 7 by 
7 filter minimized the noise in this COLOR scene, 
a consequence also noted in visual interpretation of 
the black-and-white imagery. 

TABLE 1. ERRORS AND ACCURACY OF DENSITY SLICED SAR SCENES AT TWO SCALES 

Scene 
Omission Error (%) 

Urban Non-Urban 
Commission Error (%) Accuracy 

Urban Non-Urban % 

CITY 3 x 3 Color 
CITY3 X 3 A  
CITY3 X 3 B  
CITY3 X 3 C  
CITY 5 x 5 Color 
CITY5 x 5 A  
CITY5 X 5 B  
CITY5 X 5 C  
CITY 7 X 7 Color 
CITY7 x 7 A  
CITY7 x 7 B  
CITY7 X 7 C  
O W  3 X 3 Color 
O W 3  x 3 A  
OVW3 x 3 B  
O W 3  x 3 C  
O W  5 X 5 Color 
O W 5  x 5 A  
O W 5  x 5 B  
O W 5  x 5 C  
O W  7 x 7 Color 
O W 7  x 7 A  
OVW7 x 7 B  
O W 7  x 7 C  

Note: Color = visually interpreted color-coded scene, 
A indicates that the three highest response value density slices were designated as urban; 
B the four highest; and 
C the five highest. 
3 x 3, 5 x 5, 7 x 7 refer to the pixel filter used in generating the image. 
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When the COLOR scenes were classified solely 
by density slice, the most accurate results for all 
three filtered images at the CITY (maximum en- 
largement) scale were generated when the five 
highest signal response value density slices were 
designated as urban (i.e., 3 by 3C, 5 by 5C, 7 by 
7C) and the two lowest levels as non-urban. In other 
words, the broadest range of signal response was 
used to define urban land cover. In contrast, for the 
OVW COLOR data groupings (smaller scale) the 
best results were found to be the scenes where the 
most narrow definition of urban (A) was used. Be- 
cause the area of the CITY scenes included only the 
built-up area and immediate urban fringe, it is be- 
lieved the broader resoonse ranee in that instance " 
allowed inclusion of the low return from residential 
areas. With the OVW COLOR scenes the larger 
study area (smaller scale) included many small ex- 
urban developments and suburban communities as 
well. Thus, the more restricted (higher response 
value) definition of urban land cover avoided con- 
fusion and overlap between the lower signal re- 
sponse of residential vegetation (urban) and the 
fields, pastures, forests, and woodland comprising 
non-urban land cover. 

Overall, the best results (76 percent accuracy) of 
all the density-sliced data, visuaVmanua1 and semi- 
automated (breakpoint) interpretation, were pro- 
duced using the 7 by 7 pixel filter of the large scale 
(CITY) image and an urbanlnon-urban land-cover 
breakpoint (C) that defined the five highest density 
slices as urban (i.e., 255-24). 

LAND COVER MIX; The last phase of this study 
involved the examination of the mix of land cover 
types contained in each of the seven density slices 
and the range of brightness levels within each land- 
cover type (i.e., the homogeneitylheterogeneity of 
each land-cover type in terms of its radar signal re- 
sponse and vice versa). In examining and compiling 
these data, it was noted that the two lowest bright- 
ness levels (density slices) were mainly located in 
the non-built up and rural areas around the city. 
Because they seemed to have little relation to man- 
made cultural targets, these two slices were com- 
bined and defined as non-urban during data collec- 
tion. 

Although analysis was completed for the three 
CITY scale color-coded scenes and the three OVW 
scale color-coded scenes, for brevity only the results 
for the 3 by 3 filter CITY scene will be used as a 
basis for discussion. This scene was the most accu- 
rate of the six density-sliced, filtered, color-coded 
images and, consequently, represently the best data 
of the scenes examined. 

The mix of signal response within each land-cover 
type for this image is indicated in Figure 1. It is 
apparent that each category is quite heterogeneous 
in respect to response levels. For example, cover 
type 11 (Residential) covered about 44 percent of 
the study area. Less than one percent (0.59) of this 
land cover produced the highest response of level 
1, but 11.98 percent of the residential areas was at 
level 2, 13.66 percent at level 3, 26.83 at level 4, 
32.48 percent at level 5, and 14.46 percent at level 
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Flc. 1. Percent of density slice (brightness range in each land-cover type for a 3 by 3 filter CITY scene. Land-cover 
type key and percent of total area: (11) residential (43.99%); (12) commercial and services (8.45%); (13) industrial 
(7.84%); (14) transportation, communications, and utilities (8.45%); (15) industrial and commercial complexes (1.26%); 
(16) mixed urban or built-up land (1.31%); (17) other urban or built-up land (4.01%); (21) cropland and pasture (20.08%); 
(41) deciduous forest land (4.27%); (53) reservoirs (0.35%). Density slice (brightness) ranges and percent of total area: 
(A) 255-121 (0.61%); (B) 120-80 (7.84%); (C) 79-50 (9.06%); (D) 49-34 (24.65%); (E) 33-24 (30.92%); (F) 23-1 (26.92%). 
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6. Similar distributions characterize the remaining 
cover types. Only in the broadest sense was any 
land-coverldensity-slice relationship noticeable. 
Cover types with an extensive vegetation compo- 
nent (i.e., categories 16, 17, 21, 41, and 53) tended 
to be associated with lower response levels. Land 
cover containing buildings, structures, and related 
hard, cultural, man-made features (e.g., cover cat- 
egories 11-15) did evidence a slight shift to higher 
brightness levels, but the distribution of such cover 
type's areas by density slice was still quite varied. 
For example, those categories with a large areal 
component of vegetation andlor plane surfaces as 
well as some structures (i.e., Residential (11); In- 
dustrial (13); and Transportation, Communications, 
and Utilities (14) were characterized by responses 
across the brightness range. 

Another way of examining these data is provided 
in Figure 2. In this instance the composition of each 
density slice (according to land cover) is depicted. 
For example, the area with the brightest signal re- 
sponse (density slice A) was 42.86 percent Residen- 
tial; 7.14 percent Commercial and Services (12); 
21.43 percent Industrial (13); and so on. Again, the 
major observations pertain to the extreme hetero- 
geneity of the residential land cover and the rela- 
tionship between vegetation cover, man-made cul- 
tural targets, and strength of signal return. Resi- 
dential land cover comprised the major portion of 
the response in all but the lowest brightness range. 
One might have expected that high returns would 
tend to be associated with land-cover types com- 
prised of vertical surfaces, corner reflectors, and 
little vegetation (e.g., Commercial and Services, In- 
dustrial). This was obviously not the case as each 
range contained diverse land-cover types. At best, 

only a very slight association is discernable between 
higher brightness levels and urban land cover and 
between lower response levels and non-urbanlnon- 
built-up areas. Both Figures 1 and 2 indicate that 
there is little correlation between a land-cover type 
and its radar signal response manifest as a density- 
sliced image of brightness levels. 

Selected preprocessing techniques and interpre- 
tation approaches and the relationship between 
brightness levels and land-cover types have been 
examined with regard to the utility of digitally pro- 
cessed L-Band synthetic aperture radar imagery for 
urban land-cover mapping. Thirty-three distinct im- 
ages generated from the original data of the 100 km 
by 100 km Seasat SAR scene served as the study 
base. These images consisted of data that had been 
processed at two-enlargements, subjected to linear 
contrast stretch. averaged bv three different ~ i x e l  
filter windows, andlor densit; sliced. 

The most accurate and facile identification of 
urban and non-urban land cover was made from a 
black-and-white image that had undergone linear 
contrast stretch and maximum enlargement without 
resampling the data. Other manual interpretations 
of black-and-white and color-coded density-sliced 
imagery were less expedient and precise. An itera- 
tive, stepped procedure to define urban and non- 
urban land cover based solely on brightness levels 
was also less successful than the subjective, manual 
classification of the maximum enlargement black- 
and-white stretched image. 

A comparison of land-cover type with the various 
density-sliced images indicated that little homo- 
geneity existed between a land-cover class and its 

FIG. 2.  Percent of land-cover type within each density slice (brightness range) for a 3 by 3 filter CITY scene. (See 
Figure 1 caption for the definition of land-cover types and density-slice range.) 
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radar return. As expected, higher returns were 
most prevalent among commercial and industrial 
land-cover concentrations while lower returns were 
associated with open land, pasture, forest, and crop- 
land. However, no land-cover class could consis- 
tently be associated with a particular level slice. Al- 
though some within-land cover-class variation was 
anticipated, it was felt that by filtering and itera- 
tively defining ranges or levels of return it might be 
possible to detect some Level I1 or modified Level 
I1 land-cover classes. Such was not the case. For 
example, residential land cover was found as a com- 
ponent  of every level slice from the  lowest to 
highest. 

An explanation for this inability to identify de- 
tailed classes of land cover and limited success in 
delimiting the urbanlnon-urban land cover involves 
a combination of environmental and radar parame- 
ters. Perhaps the most pervasive influence is that 
exerted by the vegetation canopy and horizontal 
plane surfaces within and outside of the urban area. 
By concealing much if not all of the underlying 
structures, the mature trees presented either a uni- 
form surface or a mixed, convoluted radar return. 
Horizontal plane surfaces such as grass, parking lots, 
and vacant land often comprised the major propor- 
tion of a land-cover surface. The return from these 
surfaces alone or in combination with the return 
from vegetation frequently dominated that from 
structures. Consequently, the return from low-den- 
sity residential areas on the urban fringe was indis- 
tinct from that of adjacent crops and pasture, wood- 
land and brush, and other non-urban land cover. 
The combination of vegetation and horizontal plane 
surfaces blurred the urbanlnon-urban interface as 
well as obfuscating the urban land-cover classes. 
This is readily apparent in examining the range of 
radar return for each land-cover type and the range 
of land covers within each density slice. 

The effects of vegetation and horizontal plane sur- 
face were compounded by the nature of the land 
cover. Residential, commercial and service, indus- 
trial, and transportation land cover were not contig- 
uous but fragmented and dispersed throughout the 
built-up area. Structures tended to be small, and 
lacked uniformity in size, orientation, shape, and 
spatial pattern. The result was a mixture of juxta- 
posed land covers whose individual elements (1) 
were individually less than the resolution of the SAR 
system, and (2) frequently contained as much 
within-class as between-class variation. Thus, from 
the perspective of the environment this might be 
considered a worst case scenario of what can be ex- 
pected when using a single SAR image to define 
urban and non-urban land cover. 

That texture remains an important, if imprecise, 
component of SAR image analysis is evident when 
the results of window filtering and scale enlarge- 
ment are examined. The radar analyst relies on con- 
textual and textural elements in defining land cover. 

Texture differences were much more apparent on 
the large scale images than at the small scale. There 
was more image texture on the 3 by 3 filtered image 
than on the 5 by 5 or 7 by 7 filtered image. Con- 
comitantly, the removal of texture removed contex- 
tual information from the image that the analyst 
used in discriminating cover type. Increasingly, 
there remained only tone on which to base deci- 
sions. The results of such a process indicate that 
tone alone is not sufficient if one wishes to identify 
urban land cover from radar imagery. However, 
how much texture should be present or removed is 
also a problem. The way in which texture contrib- 
uted to interpretation accuracy was a function of the 
image, filter, and scale combination employed. 

With regard to SAR system parameters, the results 
of this study lend further e~npirical evidence for the 
need to explore the potential advantages of em- 
ploying multi-frequency, multi-polarized, andlor 
multi-look direction imagery. The benefits of such a 
multi-approach have been previously reported by 
Bryan (1975, 1979, 1981), Henderson (1979, 1980), 
Drake and Schuman (1974), and Waite et al. (1978, 
1980). 

The author wishes to thank Stephen W. Wharton 
for his assistance in imagery generation and in ap- 
plication of algorithms to the raw data tapes. 
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Educational Status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Present Employment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Address 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ASP Membership . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Card No. . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Signature of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Date . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Applicant 
Applications for Corporate Membership, which is open to Universities, Manufacturers and Operating 
Companies, should be made by separate letter giving brief information of the Organisation's interest in 
photogrammetry. 


