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ABSTRACT

Detection of a change in the urban boundary has been described
as an important element in the U. S. Census Bureau's census-taking
procedure. The use of satellite data, such as Landsat, for this
tusk may be appropriate. This research concentrated on developing
an understanding of several underlying factors affecting the detection
and identification of nonurban to urban land cover change using
satellite data. In particular, computer programs were developed
to create a digital scene and to simulate the effect of the sensor
Point Spread Function (PSF)} on the transfer of modulation from the
scene to an image of the scene. The theory behind the development
of a digital filter representing the PSF is given as well as an
example of its appiication. Atmospneric effects on modulation
transfer are also discussed. A User's Guide and program 1istings

are given in an appendix.
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1.0 BACKGROUND

Detection of a change in the urban boundary has been described as
an important element in the U. S. Census Bureau's census-taking pro-
cedure (Christenscn, et al., 1977; Christenson and Lachowski, 1977
Christenson, et al., 1978; Computer Sciences Corporation, 1978;
Friedman, 1980). The use of satellite data, such as Landsat, to
monitor the urban boundary appears to be appropriate because of the
repetitive, small scale coverage of large areas. In addition, the
digital format of the data makes it amenable to automated processing.
The task is thus to study methods for using digital spectral data to
detect, identify, and monitor the change from non-urban to urban cover
on the urban fringe,

This research concentrated on developing an understanding of the
underiying factors affecting the detection and identification of non-
urban to urban land cover change using satellite data. These under-
1ying factors were identified as the amplitude and spatial frequency
of scene modulation on the urban fringe, the transfer of scene modu-
latjon to the image by the sensor, and the introduction of noise from
the atmosphere and the electronics systems. Thus, the system being
analyzed includes modulation of solar irradiance by scene objects and
the transfer of the modulation by the atmosphere, the optics and the
electronics of the sensor. A pnysical system diagram which i1lus-
trates the underiying factors affecting land cover change detection
is given in Figure 1.1. It is instructive to consider the modulation
of scene radiance as a signal carrying useful information. In this
instance, it is expected that the modulation will signal a change

from non-urban ts urban land use.



Solar Radiation
op of Atmosphere

ey

©)

Sensor MTF|—X

®

T Wk ¥ ol e e .

{Irradiance of Sensorje——

r"’m’l

Atmospheric |/ Telemetry] Sensor
Seasanal Interaction of Path Radiance of Signalj Noise
Variation | Solar Radiation
(Sun Angle) with Atmosphere
@
Skylight MIF of | »
Atmosphere d (:)
Piracessing "
Noize
L |

Irradiance of Processing of
Objects in Scene @

Signals from [¢—

sensor _
Modulation of S _g_
Incoming Irradiance &

by Objects in the 8 Z
Scene - =t

e

26

el

Figure 1.1 Physical system diagram. 1 G




3

1.1 Dafinition of the Change Signal

Using remote sensing methods the change from non-urban to urban
1and use must be signaled by a change in land cover. The change in
Jand cover will in turn be signaled by changes in the spatial and
spectral characteristics of the cover types which modulate the scene
irradiance. If moderate scale phctography is used, even large tract
(1 to 20 acre lots) developments can readily be detected by interpre-
ter recognition of houses and the rpads cornecting them (spatial fea-
tures). Landsat's 76 X 76 meter instantaneo.: field-of-view (IFOV)
cannot resolve such small features, however, and the spatial changes
which have occurred cannot be identified on a Landsat image.

Fortunately, the changes in land cover will also produce spectral
changes in the scene which generally will be detectable on the Landsat

jmage. The identification of the detected spectral change as a non-

urban to urban land use change, however, may or may not be possible.
In general, the detection and identification of the spectral signal
produced by a land use/land cover change is a function of several
factors such as:

1. The amplitude of the change in radiance produced by the land
cover change,

2. The total system noise level limiting the sensitivity to
change, often expressed as the noise equivalent change in
reflectivity (NEsp).

3. The size of the scene features which are modulating the
radiance and the ability of the system to transfer the
modulation.

4, The uniqueness of the spectral changes relative to the iden-

tification of the land cover change.

-—_‘Aﬁ“‘m:;—"—‘n_.; L __.rjt—f‘:\—:l_‘. B T oL P _*




4

5, The uniqueness of the land cover change relative to thz J
{dentification of the land use change. '

The first two factors determine the detectability of the radiance

-

change resulting from the land use/land cover change. This signal to .
noise (S/N) analysis acsumes that the area wherein the land cover has

changed 1s very large compared to the resolution or IFQV of the system.

The third factor considers the effect of the size of the changed area
when the size falls in the range of 1 to 10 times the IFQV dimensions.

Under these conditions the modulation transfer function of the entire

system becomes an impo~4ant factor in determining the detectability of

the change signal. These first three factors are illustrated in

L Figure 1.2. : !

1 At A and D the radiance modulation produced by large and small

| fields having different land covers than the surrounding region is

illustrated. At B and E the demoduiated detector output signal is

shown. The rounding of the boundaries of the fields are illustrative '

of MTF effects. The reduced amplitude of the small field signal indi-

cates the field size is approaching the IFCY of the system. The effect %

of noise for é/N = 1 1s illustrated at € and F. Obviously, detection

of the small field is not 1ikely. ‘
The fourth and fifth factors noted above have to do with the

interpretation of the detected signals from a multispectra’l scanner
such as Landsat. Simply recognizing that a spectrai change has taken
place is not sufficient to determine that a change from non-urban to
urban cover has occurred. A spectral change from one scene to another
can be due to differences in atmospheric condition, change of crops,

difference in growth stage or management of non-urban land, etc. w

(Riordan, 1980a,b). To recognize that a change from non-urban to

L. u ol g J
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BOUNDARY BETWEEN LARGE FIELDS

A, Modulation

C. Signal + Noise

SMALL FIELD

D. Modulation

E. Detected Signal T

F. Signal + Noise

Fiqure 1,2 I1lustrations of the effect of sianal, noise and MTF on
the detectability of land cover changes for large and

small fields.
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urban cover has occurred requires the specification of an indicator

of urban cover., Attempts at identifying a unique wiien fringe (sub-
urban) spectrqi signature have not been successful since this land use
is associated with a land cover of varying proportions of vegetation,
structures, and urban infrastructures such as roads. Rather, a good
indicator of change to urban might be a “construction" signature at

the time the land is cleared and ready for building (Riordan, 1980a,b).
This means that the chanye detection algorithm must operate in the
temporal and spectral domains since changes in spectral characteristics
with time will provide the clue t¢ a land use change. Obviously, the
employment of this method requires an understanding of the agricultural
practices of the region of interest since most agricultural fields will
be barren at one or more times during the year, Given that this know-
ledge exists, one can then evaluate the limitations of such a scheme
by evaluating S/N and MTF system performance factors. This was the

objective of the research reported herein.

S, S




2.0 TECHNICAL DISCUSSION

The primary effort undertaken on this project was the development
of computer models and analytical procedures fur evaluating the perfor-
mance of remote sensing systems and data analysis techniques (especialiy
change detection). A model was needed which would simulate the following:

1. The two-dimensional spatial configuration of a scene as it is

observed by a remote sensing system.

2. The modulation of scene irradiance by the changing refiectance

of scene components,

3. The transfer of the modulated scene radiance to the image

data,

4, The addition of noite to the modulation signal.

It was also desired to have procedures capable of performing the
following analysas or calculations:

a. Calculate S/N ratios for changing scene, MTF and noise con-

ditions.

b. Analyze and characterize the modulated radiance from the

scene in both the spatial distance and spatial frequency
domains.

¢. Display the simulated scene data for visual analysis of the

effect of different MTFs and noise conditions.

The model developed on this project does not simulate the inter-
actions between the scene and EM radiation nor was any attempt made
to simulate atmospheric interactions. Rather, the scene reflectance
values, atmospheric radiance and attenuation, and system noise levels
are provided as data inputs to the model. These input data must be

obtained from other models or from various empirical sources {image

T T B
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data or experimental measurements). The mouel uses the scene des-
cription and data inputs to generate a two-dimensional set of numbers
which simulate scene reflectance and/or radiance values before and

after the application of modulation transfer functions.

2.1 System Response Functions

The performance of systems which transmit or carry messages in

the form of signals can be measured in part by their signal response

characteristics. Telephone, radio, teletype, television and remote

sensing systems are required to transfer an input signal to an output
device or signal in order to achieve their design function. The sys-
tem response function determines the fidelity with which the transfer
is accomplished and provides a measure of system performance. The
response function can be expressed in terms of the system capacity

to respond to either the signal frequency content or its time/distance
variations. -

The rate at which a signal changes determines its waveform and
jts frequency content. Figure 2.1 shows five waveforms and their
frequency spectrum. The continuous sinusoid at (a) presents a line
spectrum whereas the impulse at (b) has an infinite spectrum of all
frequencies. The step function at (c) with a very fast rise time has
a broad spectrum decaying slowly in amplitude from a maximum of f = 0.
The step function with a slow rise time (d), however, shows a more
rapid decay in amplitude for the higher frequencies. Finally, the
fluctuating signal at (e) has a distribution of frequencies as shown.

The reader is cautioned not to confuse the spatial frequency spectrum

oW
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|
of the modulation from a scene with the EM spectrum of electromagnetic ]
radiation.
The time or distance response of a system to a waveform can only
be expressed for idealized shapes such as the {mpulse or step. This
is accomplished by defining the change in wave shape produced by the
system. These time or distance functions are typically designated
impulse and step responses. For remote sensing systems they are more f o
often referred to as point or edge spread functions. From Figure 2.1 we |
note that the spreading of an edge or step (compare (c¢) and (d))
results in a reduction in the high frequency content of the edge.
Hence, the equivalence of the point spread function (PSF), edge

spread function (ESF), and frequency response curves in Figure 2.2

should be apparent. For remota sensing systems, the frequency re-
sponse cruves are most often referred to as the modulation transfer
function (MTF) which defines the transfer for modulated radiance as

a function of the modulation (signal) frequencies.

T W |

When analyzing system responses, therefore, we have the choice
of using a point spread function or a frequency response function.
If either function is available, the other may be obtained via a
Fourier transform. In other words, the PSF and MTF form a Fourier g
transform pair, either of which may be used for system analyses.

The equivalence of operzting a model in either the spatial dis-
tance or spatial frequency domains allowed us the freedom to select

the method easiest to implement for the application at hand. Both

domains were used on this project. |

Sty - e B o N T
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Figure 2,2 A comparison of Edge Spread Function (ESF}, Point °
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2.2 The Modulation Transfer Function

The proportion of the modulation that is transferred from the
scene to the image at a particular frequency is deiined by the modu-
lation transfer factor. The function that describes the change in
the transfer factor with a change in frequency is the modulation
transfer function (MTF). Figure 2.2 provides a graphical example of
an MTF.

To apply an MTF to scene variation (scene modulation), the spatial

dimensions of the scene must be converted to the frequency domain using

the Fourier transform. The effect of the system MTF on the scene can
then be determined by multiplying the scene frequency spectrum (spa-
tial) by the system MTF. This will result in a modified scene spec-
trum which accurately indicates the loss in certain moduaition com-
ponents (spatial frequency). This simple procedure cannot be used,
however, to regenerate the scene, as modified by the system MTF. In
order to accomplish this in the frequency domain we must use the
optical transfer function (OTF) which contains phase as well as amp-
litude terms of the frequency response function. This procedure, if
used, requires the transformation of the scene into the frequency
domain (retaining phase as well as amplitude information for each
frequency term), multiplication of the transformed scene by the
system OTF and performance of an inverse transform back to the spa-
tial distance domain to create the modified scene. This is a very
complex and expensive process which requires more knowledge about
the system response function than is usually available. For these
reasons it is more practical to model the effect of the system re-
sponse on the scene in the spatial distance domain, and then use

the frequency domain to evaluate the results.
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2.3 The Point Spread Function

The effect of the system MTF on recorded scene readiance values
can be easily modeled by convolving the original scene radiance with
the system PSF. In effect, the performance of a Fourier transform
of an entire scene, followed by the application of frequency domain
filtering of the scene, followed by the inverse Fourier transform
of the scene has been replaced by the Fourier transform of the MTF
(to obtain the PSF) and the application of a spatial (distance) filter
(convolution) to the scene. :

The PSF is applied in the form of a digital filter that is passed
over the scene, which results in the spreading or blurring of the edges
of objects and boundaries of fields. The reduction in high frequency
modulation can be measured by comparing the spatial frequency spectrum
of the scene before and after the application of the PSF. The empir-
ical transfer function obtained in this manner should be equivalent
to the theoretical MTF calculated from system design considerations.
The PSFF, therefore, effects a direct modification of the physical

appearance of the scene, equivalent to the actual effect of the remote

sensing system.



3.0 DEVELOPMENT OF THE MODEL

An anaiytical tool is needed to study the effects of sensor and
atmosphere MTFs or PSFs on the transfer of ground spatial variation
(modulation) to the image. An attempt was made to develop such a
tool in the form of a computer model which performs the following

functions:
1. Construction of a digital scene representing major ground

cover types.

Simulation of scene reflectance or radiance values as oh-

™~

served at the scene,

3. Application of the system PSF to the scene, thereby simu-

lating the image of the scene.
4., Analysis and display of the effects of the PSF on the scene
digital values {spatial frequency content, etc.).

5. Simulation of the effects of the atmospheric MTF on the scene

modulation.

The developmant of the model is described below; program 1istings and

a user's guide are provided in Appendix A.

3.1 Construction of a Digital Scene (Program SCENE)

The digital scene representing major urbar cover types can be
constructed by filling a two-dimensional array with object symbois.
Several methods for filling the array were considered. The two most
common methods are: (1) the digitization of the scene cell by cell;
and (2) the digitization of the boundaries of the polygons within
which a common cover type exists. The cellular procedure is simple

to implement but is Tabor intensive and could become very expensive

e o L N oy
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for large areas. The digitization of polygons can be accomplished 1in
much less time when object sizes are large compared to the cell size,
but this method requires special digitization equipment.

An alternative method requiring no special equipment was developed
for this model. This procedure places objects within the scene array
by specifying position, shape and size. For example, rectangles are
positioned by designating a corner position and the iength and width.
Circles are positioned by designating their center position and radius.
A subroutine within the computer model then computes the cells which
fall within the perimeter of the object. A1l of the cells within
the boundaries of designated objects are given the object identifi-
cation.

This scene construction method is rapid and quite effective when
the scene is composed of objects which can be described by position
and a regular shape. Irregular objects would have to be defined by
a series of contiguous regular shapes. The method works very well
for constructing an urban scene of buildings, streets, driveways and
trees and bushes {circles of varying size)., Program SCENE was written
to perform these procedures.

When SCENE is used to build a scene model, the majority ground
cover type, such as grass, is first used to fil11 the 2ntire array.
Opaque objects, such as rooftops, are superimposed (using a replace-
ment procedure) on the background cover. Then, translucent objects,
such as tree canopies, are added to the scene by combining the object
codes for the translucent object and the underlying material. The
result is a scene array composed of ground cover types specified by

code names.

e .

e I
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Once the scene is created, the cover code names are converted to
reflectance values for any wavelength using computer text editor com-
mands which are specific to the computer system. That is, each occur-
rence of a particular code name is replaced by a refiectance value,
which may be the reflectance of an opaque material or the combined

reflectance of an opaque material overlain with a translucent material,

3.2 Development of the PSF Model

Idealiy one would derive or obtain the MTF for a remote sep3ing
system and then perform an inverse Fourier transform to obtain the
PSF. In this instance, neither the function nor sufficient informa-
tion on the system design were available. Instead, a plot of the
Landsal MTF was obtained frum Norwood (1974). This plot was normal-
ized relative to the cutoff frequency (that frequency at which the
system response is ore-half the maximum response) and replotted as
shown in Figure 3.1. This normalized response curve for the Landsat
MTF was compared to several filter response curves from Watt, et al.
(1953). One of these curves is also plotted on Figure 3.1 and is
seen to be a close match to the Landsat MTF. Watt defines this as
a cosine squared through rectangular aperture filter function.

Because of the close match between the Landsat MTF and the filter
response function shown in Figure 3.1, it was assumed that the impulse
and step function response curves calculated by Watt for the filter
can also be used to represent Landsat's PSF and ESF. This was veri-
fied, to the extent possible, by a comparison with small scale plots
of Landsat's PSF taken from Dye (1975). Although the plots in Dye's

paper were too smal) for exact comparison, it was obvious there were

E £ SR
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Landsat MTF

- v e Filter Function

Figure 3.1

Normalized response functions for Landsat (from Norwood,
1874) and a cosine squared throuah a rectangular aperture
filter (from Watt, et al, 1953), The cutoff frequency, v,
for the Landsat MNTF is 0,006835 cycles/meter,
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no significant differences between the results of his calculations and
the curves from Watt, when both were normalized to the cutoff frequency.
Hence, the PSF curve given in Figure 3.2 was used for the model of a

MSS system. For Landsat, Vo ® 0.006835 cycles/meter.

3.2.1 Application of the PSF to the Scene Image

The point spread function defines the spatial distribution of a
point source of light (EM radiation) within the image. This distri-
bution, when projected back to the scene, defines the apparent source
as observed on the image. If the PSF is convolved with the scene
(point by point) a simulated image of the scene, as would be produced
by the MSS system, is produced.

The PSF curve in Figure 3.2 is, of course, a one-dimensional
representation of a two-dimensional phenomenon. If the PSF in each

dimension is independent of the other, the two-dimensional PSF can be

obtained by multiplying the two PSF functions to obtain off-axis values.

In this manner, a two-dimensional array of values are obtained which
are used as weights for a two-dimensional digital filter which is
moved across the scene. Figure 3.3 shows an array of filter weights
for Landsat (assuming a symmetrical PSF based on Figure 3,2) for use
with a scene model made up of 7 meter cells. The dotted 1ines show
the outline of a Landsat pixel (about 76 X 76 meters). The influences
of surrounding terrain on Landsat digital numbers is apparent.

The filter array illustrated in Figure 3.3 does not include the

negative values at distances beyond s Ve because of the cost. Including

the values out to a distance of 1/vc quadrupies the size of the filter

array. This cannot be justified under most conditions. The computer

A —
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Point spread function values for the Landsat MSS
system for a scene with 7 meter cells.
dotted 1ines show the outline of a Landsat pixel.
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program which calculates the values (weights) for the two-dimensional
filter array is called MAKWTS.

The array of weights generated by MAKWTS is input to program PIXPRO
which creates pixel values besed on application of the filter array (PSF)

} to the cellular scene model. Although a symmetrical PSF was assumed,

the program can be modified to use different PSFs in the two dimensions. '

3.3 Modeling the Effects of the Atmosphere and Random Noise on
Modulation Signal/Noise {S/N)

e

The atmosphere affects scene modulation and S/N in several ways. :
The addition of path radiance (PR) to radiance leaving the scene re-
duces moduiation by increasing the mean level of radiance leaving the i
scene. To jllustrate: i

(1) Modulation = L{max) - I{min) :
I{max) + I{min)

If path radiance is added to I{min) and I{max), the equation becomes '

(2) Modulation = {L(max) + PR) - (I(min) + PR)
(I{max) + PR) + (I{min) + PR)

Taking a numerical example with I{max) = 6, I(min) = 3, and PR = 1:
M) = 8=3 - 5 My = {621 = B+ 1) 5 ’
6 + 3 (6 +1)+ (3+1)
Therefore, the modulation has been reduced by the addition of path . 1
radiance across the scene. This also resuits in a reduction in con- R
trast (Imax/Imin) since the initial contrast if 6/3 = 2 and the final :
contrast os 7/4 = 1.75. However, the signal, or absolute difference |
between the radiance values for the cover types, remains the same "
(6-3=3;7-4=3),
> J
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On the other hand, atmospheric attenuation of scene radiance
results in a reduction of signal, but no reduction in modulation or

contrast. For example, adding atmospheric transmittance to (1) yields,

(3) Modulation = L{1(max) - I(min))
T(I(max) + I{min))

which results in no reduction in modulatjon. Similarly, atmospheric
attenustion produces no change in image contrast. The signal, however,
will be reduced from (6 - 3) = 3 to (4.2 - 2.1) = 2.1 which in turn
affects S/N.

Different atmospheric conditions will also introduce variability
or noise into the absolute radiance values detected by the MSS system,
thereby affecting the S/N ratio and our ability to detect change.
Atmospheric and other noise sources can be modeled by using the com-
puter system random number generator to generate random numbers with-
in specific bounds and adding the output numbers to the scene sampie

values.

3.4 Analysis and Display of the Effects of PSF on Scene Modulation

The output pixels from program PIXPRO can be repeated in one
dimension using program REPEAT (to match the scale of the input scene)
for use in calcuiation of a one-dimensional transfer function between
the input scene and output pixels. The transfer function indicates
the amount of variability (modulation) that is transferred from the
input scene to output pixels at specific frequencies.

The input scene and output pixels can be displayed using various
techniques chosen by the user. Choice of the display depends on the

analysis tools available to the user such as classification techniques

>
T S

d
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with theme displays, graymapping, texture analysis and display, etc.

The scene and two-dimensional pixel data must first be converted to

A
the user's system compatible format.
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4,0 APPLICATICN OF THE MODEL TO A SCENE-AN EXAMPLE

This section illustrates the application of the model. An engi-
neering blueprint of a suburban development was used to model a scene.
Objects 1in the scene were positioned relative to the top left corner
of the blueprint. The objects recorded were houses, driveways, streets,
sidewalks, and trees. Tree locations were specified by coordinates of
circle centers. Dimensions of length, width, and radius were speci-
fied for each object. Objects that were irregular in shape or at
angles to the left and top of the blueprint were recorded in rectangu-

lar sections parallel to the blueprint edges.

4.1 {reation of the Scene

The filling of the scene array was accomplished using program
SCENE. The scene array was first filled with a background cover of
grass. Opaque objects (houses, sidewalks, streets, and driveways)
were superimposed on the grass background. Translucent objects (trees)
were then added to the scene by combining the code names for the trans-
lucent and underiying cover types.

Using the text editor supported by the computer center, the object
codes were transformed to refiectance values. That is, all occurrences
of a particular code name were changed to reflectance values for a par-
ticular wavelength and saved in a new file. The file containing the
original code names was retained for conversion to different wavelength
reflectance values at another time. Reflectance values for the cover
types were taken from multispectral aircraft data obtained by Root

and Miller (1971). Characteristics of the resulting scene are given

in Table 4.1. A portion of the scene is shown in Figure 4.1.

e i e

e e
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Tabie 4.1 Characteristics of the original scene

Cover Type Cover Code Name sgflgc?ggﬁﬁ*S)
Grass GRASS 10,0
Rooftop (shingles) HOUSE 22.5
Sidewalk SWALK 43.0
Driveway DRWAY 39.0
Street (asphalt) STRET 15,0
Grass/Tree GRATR 6.5

*Band 5 reflectance values taken from Root and Miller (1971).

4.2 Creation of Sample YWeights Representing the i SF

Sensor MTF cutoff frequencies were input to program MAKWTS to
create a matrix of weights for input to program PIXPRO. Four cutoff
frequencies were used: 0.006835, 0.01667, 0.05, and 0.1 cycles/meter.
These frequencies correspond to pixel sizes of about 76 (Landsat), 30,
10, and 5 meters and assume an increase in optics diameter proportion-
ate to the reduction in pixel size. Due to the <ell size chosen
(NCELSZ), each sampie in created scene represented 1.905 meters
(6.25 feet), therefore, a different number of weights was output
depending on the cutoff frequency and number of digitized PSF values.

The output waights for the four pixel sizes are given in Table 4.2,

4,3 Application of the PSF to the Scene

The weights output from program MAKWTS were applied to the digi-

tal scene using program PIXPRO. A two-dimensional, symmetrical PSF
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Table 4.2 Table of output weights.,

0 1.000
1 9900
2 . 9800
3 . 9700
4 .9600
5 .9500
6 . 9300
7 .9100
8 . 9000
9 .8800
10 8500
1 .8200
12 . 7900
13 .7500
14 7100
15 .6900
16 .6400
17 .6000
18 .5700
19 .5150
20 .4800
21 4500
22 4100
23 .3700
24 . 3500
25 . 3200
26 .2800
27 .2400
28 .2200
29 .1800
30 1500
31 .1200
32 .1000
33 . 0800
34 .0600
35 . 0500
36 .0250
37 .0100
38 0.0000

dkkdohkdokRkdkdokkhkkkdkkk

! ORIGINAL PAGE 13
OF POOR QUALITY

Resolution 1

Pixel Size = 76 X 76 meters
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Table 4.2 Table of output weights
(Continued)

OUTHTSZ

,9950
0767
.9500
8467
7767

.6833
.6000 Resolution 2

5033 -
4100 Pixel Size = 30 X 30 meters

3200
. 2433
.1700
. 1033
.0600
15 .0150

edekehekedededeodoRded e ke dekodededokedeoke

— o et
PWN—00OWE~STIOUIEWN LD

QUTWTS3

' 98'40

3’335? Resolution 3

0
]
2
3 L4110
4
5
*

.1722 Pixel Size = 10 X 10 meters

,0252

dededkoddokkekododok kekeokokeok kkeokkokok

QUTWTS4

G . 9600 Resolution 4
1 6784

2 . 1847 Pixel Size = 5 X 5 meters
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was assumed, therefore, the weights on the vertical and horizontal axes
were the same and were multiplied together to obtain the off-axes weights,
Figure 4.2 shows the weighting scheme for 10 m pixels. Application of
the weighting function 1s equivalent to convelving the PSF with the

scena.
Quadrant 1 .02271 .02521 .0227 0006
(same as 3) '1{%%
. Quadrant 2
.6867 {same as 3)
.9010/ .8112 N .0227
.90101.9840(.90101{.6867 {.4110 [,1722}.0252
.9010] 8112 |.6187 |.3703 |.1552 .0227 |
Quadrant 4 .6867] .6187 }.4716 1.2822 |.11821.0173
(same as 3) .4110].3703 (.2822 |.1689 |.07081.0104
17221 ,15582 1.1182 |.0708 1,.0297 | .(043
.02271.0252].0227 [.0173}.0104 [.0043|.Lu2R

Quadrant 3

Figure 4.2 PSF weights for an MSS system having 10m X 10m pixels.
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4.4 Apalysis and Display of the Effects of i1he PSF on Scene Modulation

The pixels output from program PIXPRO were repeated in one dimen-
sion using program REPEAT to match the scale of the original scene usec
to create the pixels. One-dimensional transects corresponding to the
pixels were extracted from the original scene using program TRN., The
repeated pixels and transects of samples from the original scene were
combined using program BMDDAT., Finally, the combined data set from
program BMDDAT was input to program BMDO2T to calculate the transfer
function between the input scene and output pixels. Values of the
transfer function for the four resolutions are shown in Table 4.3 for
Band 5 of Landsat.

As expected, Table 4.3 indicates that a greater amount of varia-
bility (modulation) in the original scene is transferred to the output
pixels as the size of the pixels decreases. With a pixel size of
76 X 76 meters, very little modulation from the original scene is
transferred. As the pixel size is reduced to 5 meters, a greater
proportion of the modulation is transferred at most frequencies as
indicated by the transfer functions.

The minimum and maximum pixel values were determined for each
resolution and the ranges for graymapping were arbitrarily set.
Program GRARHO was used to calculate the graylevels for each pixel
size. The scenes were then graymapped using program GRAPIX to examine
the relationship between input scene and output pixels. These gray-
maps are displayed in Figures 4.3 through 4.6.

Although not demonstrated on this project, both the input scene
and output pixels could be classified using different spactral bands

and varjous classification techniques. These techniques could include
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Table 4.3 Modulation transfer functions for 4 resolutions,
(cy§§:?7;?§§1)

the Transfer
Function

Fraquancy Ampliitude of
{cycles/
pixel)
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clustering, supervised classification, texture analysis, etc. The
results of these classifications could then be used to evaluate the
potential performance of remote sensing systems having different
resolution (pixel size) characteristics.

The purpose of the above exercise is to illustrate the input and
output Tevels of reflectance (which depend on the MTF and PSF of the
sensor). The reflectance values should be converted to radiance
values and then quantitized using the quantizaton characteristics
of the particular sensor being analyzed. The user will then be able
to examine the actual digital values that can be expected from the

sensor.

4.5 Analysis of Atmospheric Effects and Scene Noise

Atmospheric effects ¢an be analyzed by attenuating the radiance
values and adding atmospheric path radiance using program ATMOS. The
transformation of the radiance values using this program can precede
the calculation of the transfer function and the classification/graymap
steps. Land cover signature differences due to different atmospheric
conditions can be examined by applying different atmospheric effects
to the same scene and comparing classifications. This same technique
can be used to examine the effect of random noise on the signatures
by adding/subtracting randomly generated numbers to the pixel radiance

vajues or to the ariginal scena.



i T TRt i S 3 R e, ) s pm o

A n S S e EUR LTS

—neE

g AU

o

37

5.0 REFERENCES

Brock, G. C. 1970. Image Evaluation for Aerial Photography. The
Focal Press, New York, 258 p.

Christenson, J. S., B. J. David, V. J, Gregg, H. M. Lachowski, and
R. L. McKinney. 1977. Landsat urban area delinestion. NASA/
Goddard Space Flight Center, Info. Trans, Lab., Iitralab Project
75-3.

Christenson, J. W., D, L. Dietrich, H. M, Lachowski, M. .. Stauffer,
and R. L. McKinney. 1978. Urbanized area analysis using Landsat
data. Presented at the Harvard Computer Laboratory's Internation-
al User's Conference on Computer Mapping, July 23-28, 1978,
Cambridge, Mass.

Christenson, J. W. and H. M. Lachowski. 1977. Urban area delineation
and detection of change along the urban-rural boundary as derived
from Landsat digitized data. NASA/Goddard Space Flight Center,
Greenbelt, MD, X-923-77-245.

Computer Sciences Corporation. 1978, Landsat image differencing as
an automated iand cover change detection technigue (Interim
Report), prepared for NASA/Goddard Space Flight Center, Greenbelt,
MD, Contract No. NAS5-24350,

Dye, R. H. 1975. Restoration of Landsat images by discrete two-
dimensional deconvelutions. Proc. 10th Intl. Symp. on Remote
Sensing of Environment, ERIM, Ann Arbor, MI, October, 1975,
pp. 725-735.

Friedman, S. Z. 1930. Mapping urbanized area expansion through
digital image processing of Landsat and conventional data, Jet
Propulsion Lab., Pasadena, CA, JPL Publ. 79-113,

Norwood, Virginia T. 1974. Balance between resolution and signal-to-
noise ratio in scanner design for earth resources systems. Proc.
of SPIE, Vol. 51, Aug. 14-20, 1974, San Diego, CA, pp. 37-42,.

Riordan, C. J. 1980a. Non-urban to urban land cover change detection
using Landsat data. Summary Report for NASA/Goddard Space Flight '
Center, Greenbelt, MD, under Contract No. NAS5-26127.

Riordan, C. J. 1980b. Signal/noise and MTF analysis of land cover
chanye detection using Landsat data. Unpublished dissertation,
Colorado State University, Fort Collins, CO, i

Root, R. R, and L. D. Miller. 1971. Identification of urban watershed
units using remote multispectral sensing. Environmental Resources
Center, Completion Report Series No. 29, Colorado State University,
Fort Collins, CO.

e sl



38

Watt, A. D., R. M. Coon, and V. J. Zurick. 1953. Reduction of
adjacent channel interference by shaping of transmitter keying
waveform, NBS Rept. No. 2415, Central Radio Propagation Lab.,
Boulder, Colorado.



APPENDIX A
USERPS' GUIDE AND PROGRAM LISTINGS



= T-w-f—‘-w——"'-"'—-—'v"-?}J‘

USERS' GUIDE

Programs included here are:
SCENE ,MAKWTS ,PIXPRO,REPEAT,SUBSET,TRN,BMDDAT ,BMDO2T ,GRARHO ,GRAPI X ,ATMOS

Briefly, program SCENE creates a digital scene; program MAKWTS
computes filter weights based on the sensor Point Spread Function to
apply to the digital scene samples: program PIXPRO applies the weights
to the digital scene and aggregates scene samples into pixels; program
REPEAT takes the output pixels and repeats the values to match the
scale of the input scene; program SUBSET creates a subset of the ori-
ginal scene data, to match the area covered by the output pixels:
program TRN takes transects from the subscene to use in comparing the
spatial frequency content with the pixels; program BMDDAT combines
the repeated pixels from program REPEAT and transect data from pregran
TRN into one data set for input to the BMDO2T power spectral and trans-
fer function program; program BMDOZ2T computes the power spectra of the
original scene and output scene and computes the transfer function be-

tween the two; program GRARHO calculates graylevels for graymapping

S [

the pixels; program GRAPIX graymaps the pixels output from program
PIXPRO using graylevels output from program GRARHO; and program ATMOS
adds the effects of atmospheric transmittance and path radiance to

the output pixel values. A flow chart of the above procedure is

given in Figure A-1.
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PROGRAM SCENE

This program creates objects within a scene (array) by reading-in
(from a pian or picture) object number, object location (coordinates
of the upper left corner for rectangles, center for circles, etc,),
object shape (rectangle, circle, etc.), object size (length, width,
radjus, etc.), and cover type, and then filling the scene array with
the object using this data. The size of the plan or picture is speci-
fied in inches, the reference coordinates for objects are given in
inches from the top and left of the plan, and the object dimensions
are specified in inches. The number of celis per inch is read-in,
which specifies the scale of the resulting scene (or, the distance
covered by each scene array element). Objects at an angle from the
top and left side of the plan can be subdivided into rectangular
parts which are parallel with the sides of the plan. At present, the
program processes only circles and rectangles, but additional shapes
could be accommodated with new subroutines.

The scene array is first filled with the most common cover type
by assigning a five letter cover code name (e.g. GRASS) to each array
element. Parameters of opaque objects are then read-in to the program
which fi11s the appropriate array elements with the object cover code
names. Finally, parameters of translucent objects are read-in to the
program, and the program combines the cover codes for the underlying
cover and translucent cover. The result is a digital scene array with

each element assigned an opaque or combination opaque-transiucent cover

code,

.
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To run the program:

1.

Measure the length and width of the plan or picture in inches
(DATLEN, DATWID),

Choose a cell size that will divide the length and width of
the plan into the number of desired cells per inch (NCELSZ}.
Check the dimensions of NSCENE {in program SCENE to make sure
they accommodate the resulting number of cells in the length
and width directions (NROW and NCOL).

NCELSZ, DATWID, and DATLEN are read-in using TAPES, format
100, in program SCENE.

Create files for opaque and translucent objects. These filus
must contain object number, object part number, distance from
left edge of plan to object reference point (inches), distance
from top of plan {inches) to object reference point, object
shape, object length if rectangle (inches}, object width if
rectangle (inches), object radius 1f circle {inches), and
cover type (five letter code name). The reference point is
the upper left corner for rectangles and the center for circles.
Foliow format 100 in program SCENE. The file of opaque object
parameters should be attached to program SCENE as TAPE1l, and
the translucent object parameters as TAPE2. When program
SCENE adds translucent objects, it combines the first three
letters of the underlying cover name with the first two let-
ters of the translucent cover name. Check the code names
chosen for unigueness.

Determine the dominant ground cover and specify this cover in

program SCENE in the "DO 4" do-Toop.
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Qutput from Program SCENE:

Output of program SCENE 1s written to TAPE4 and TAPE7., TAPE4
will contain the scene written as a string of five letter code names
with the scene column varying fastest {e.g. 1,1 1,2 1,3 2,1 2,2
2,3 ...). TAPE? contains information on thq scenz dimensions, cell
size, etc. (parameters of the scene array), The user can also follow
the loop indices, if desired, by removing the cumment specification
("C" in column 1) on the writes to TAPE7 which are set off in asteriks.

These tapes must be saved as files,

PROGRAM MARWTS

This program calculates the filter weights to assign to the scene
elements based on the Point Spread Function (PSF) of the sensor. A
generalized PSF is digitized and read-in as TAPE1. A cutoff fre-
quency for a particuiar sensor is read-in and the program creates
weights for scene elements as a function of distance from the center
element and the distance covered per element in the scene array. The
number of resulting weights depends on the distance represented by
each scene element (DISAMP). The generalized PSF should always be
digitized at an interval less than or equal to the distance per scene
element {DISAMP).

To run the program:

1. Digitize the generalized PSF (must be digitized at an interval
less than or equal to the distance represented by each scene
element (DISAMP)). A generalized PSF for the research reported
here is described in Section 3.2. These values are read-in to

array XPSF using format 101.

. x
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2, Choose the cutoff frequency (CUTFRE).

3. The cutoff froquency (CUTFRE), number of digitized PSF values
(NUMPTS), and distance represented by each scene element in
meters (DISAMP) are read-in on TAPES5, using format 100.

4, Check the dimensions of the arrays: NUP dimensions should

equal XPSF dimension plus one; XPSF dimension mus¢ be greater

than or equal to the number of digitized PSF values; WEITS

dimension can be set the same as for XPSF,

OQutput from Program MAKWTS:

The weights output from program MAKWTS are written to TAPE2 and
printed after the program 1isting, TAPE2 must be saved as a file.
The number of weights is printed in output, along with other parameters
calculated in the program. The output weights are used in program
PIXPRO to create a spatial filter, representing the sensor PSF, which

is passed over the scene as the scene elements are aggregated into

pixels,

PROGRAM PIXPRO

This program calculates pixels vaiues by applying the filter
weights output from program MAKWTS and aggregating the scene elements
into pixels.

To run the program:
1. TAPE1 is the scene output from program SCENE and TAPE2

contains the weights output from program MAKWTS.

U
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The scene array must be dimensioned at least as great as "NROW"
and "NCOL" output from program SCENE, The weights arrays for
rows (WEITR) and columns (WEITC) must be dimensioned at least
as great as the number of weights output from program MAKWTS
plus one (NUMWI'S + 1 since the center element weight 1s labeled
"oy,

Before the program is run, the scene array cover types names
must be changed to reflectance or radiance values. This can

be accomplished with a system text editor (i.e. all occurrences
of a particular cover name are replaced with a particular numer-
ical value), or with a program which changes names to chosen
numbers, It is the user's choice as to what scheme to use 1in
assigning numerical values to the scene,

Program parameters are read-in using TAPE5S and format 100.
Since the program as presently written uses a symmetrical

PSF, the number of row and column weights (NUMWTR and NUMWTC)
are the same and are equal to NUMWTS output from program MAKWTS.
NSCLEN and NSCWID are the Tength and width in number of rows
and columns output from program SCENE. A "zero" read-in for
NSYM specifies that the PSF is symmetrical. The pixel width
and length in columns and rows (PIXWID and PIXLEN) are speci-
field in meters. The distance represented by each scene sample
as output from program SCENE (DISAMP) is also specified in

meters.
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Qutput from Program PIXPRO:

Output pixels from the program are written to TAPES with each 1ine
of output having a pixel row and column specification plus a pixel value.
This tape must be saved as a file. Program results printed after the
program 1isting include: number of weights, pixel width and length,
scene width and Tength in column and row dimensions, distance covered ;
by each scene element, number of samples per width and length of the
pixels, number or rows and columns of pixels output, and pixel row and

column specification with each pixel value.

PROGRAM REPEAT

This program repeats the pixel values output from program PIXPRO
to make the distance covered by each value equal to the distance cov-
ered by one original scene value (to make the scale equal for input
and output values). The series of pixel values and series of original
scene values will then have the same number of elements for computing
the transfer function in program BMDO2T.

To run the program:

1. (a) Read-in the number of times the value must be repeated
to match the scale of the original scene data - NUMREP (this
is equal to NPXWID and NPXLEN from output of program PIXPRO
for square pixels).

(b) Read-in the starting (NRSTRT) and ending (NREND) row
numbers for the rows of pixels needed to match the portion
‘ of the subscene output from program SUBSET, and used in
program TRN to extract transects of original data. NUMREP,
NRSTRT, and NREND are read-in using TAPES and format 99.

R
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2, Pixel values are read-in using TAPE1 and format 100,

Output from Program REPEAT:

Qutput consists of a string of repeated pixel values which matches
the scale of the original scene. The total number of values created is
printed after the program 1isting. These values are combined with a
series of original scene values output from program TRN using program
BMDDAT, and the combined set is input to program 3MDO2T for calculation
of the power spectra and transfer function. The repeated pixel values

are written to TAPEZ and must be saved as a file.

PROGRAM SUBSET

This program creates a subset scene from the original scene that
will match the area covered by the pixels output from program PIXPRO
(edges of the original scene are truncated because the filter extends
beyond the edge of each pixel). Thu3, dimensions of the subset scene
are based on the size of the pixels and the number of filter weights

needed to create a pixel.
To run the program:
1. Dimension SCENE to match the dimensions of the original scene
and read-in the original scene using TAPE1 and format 100.

2. Read-in, using TAPES and format 99: a) the number of weights

in the row and column directions used to create a pixel - NUMWTR

and NUMWTC; b) the number of rows and columns of mixels - NROWPX

and NCOLPX; and c) the length and width of the pixels in number
of samples from the original scene - NPXLEN and NPXWID. A1l

of these values are output from program PIXPRO.

——;"}i-l-;m.—._.wmxm-ﬁwz;.hd
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Qutput from Program SUBSET:

Output from the program is a string of values representing a subset
nf the original data which matches the area covered by the pixels output
Trom program PIXPRO. These values are written to TAPE2 using format 100
and must be saved as a file. /. crmation printed after the program
1isting includes the starting row and column in the ori3zinal scene and

the number of rows and columns in tha output subscene.

PROGRAM TRN

This program extracts one-dimensional, horizontal transects from
a subset of the original scene data for later comparison of tne fre-
quency content with pixels output from program PIXPRO.

To run the program:

1. Dimension SCENE to the dimension of the original scene data
(or use NROWS and NCOLS output from program SUBSET to set
these dimensions).

2. Read-in the number of rows and columns in the subset of the
original scene data using TAPES and format 99. These values
were output from program SUBSET.

3. Read-in the subscene that was output from program SUBSET using
TAPET1 and format 100.

4. Read-in NSTRT, NSTOP, INTERV using TAPES and format 101.
These values are determined in the following manner:

NSTRT can be any one of several rows in the subset data
which corresponds to the first row of pixels chosen iin
program REPEAT to be comapred with the original scene

data. This is due to the fact that one row of pixels
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represents several rows of original scene data (the pixel
is an aggregate of several rows and columns of original
scene data)., If the first row of pixels output from
program PIXPRO is the starting row in program REPEAT,
then NSTRT can be arbitrarily chosen to be }; of the pixel
length (NPXLEN) from program PIXPRO.

NSTOP 1is the number of rows in the subscene needed to -
extract 1,000 values (BMDO2T takes only 1,000 points per
series) which depends on the number of samples per row

in the input subset of original data (NCOL).
INTERV is the number of samplies per pixel (NPXLEN from

program PIXPRO}.

A schematic of the relationship of starting pixel row, in program REPEAT,

to NSTRT is given beloW.

--------------------------------

Pixe] If the starting row of pixels in
Row 1 program REPEAT 1is row 1, any one
- of these rows can be NSTRT
______ e e e e e e e mm e m e ... - -
' & If the starting row of pixels in
Pixel b program REPEAT is row 2, any one
Row 2 b of these rows can be NSTRT
______ T
—
=l
=
————— 5 -
- g ------------------------
. [f the starting row of pixels in
Pixel .
Row N program REPEAT is row N, any one

1 of these rows can be NSTRT
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Qutput from Program TRN:

The transect values are written as a series of numbers to TAPEZ
using format 100 and must be saved as a file. These values are com-
bined with output from program REPEAT using program BMDDAT, and the
combined data set is input to program EMDO2T. The number of values

written to TAPE2 is printed after the program listing. '

PROGRAM BMDDAT

This program takes transect data from the original scene (output
from program TRN) and combines it with repeated pixel values (output
from program REPEAT) to form a data set for input to program BMDO2T.

To run the program:

1. Read-in the total number of points in each set (NUMPTS} from
TAPES. NUMPTS is the lesser of the number of points output
from program REPEAT and TRN. NUMPTS cannot exceed 1,000 due
to the 1imits of program BMD02T. This 1imit may be changed if
another power spectra program is used that handies more points
per series,

2. Read-in the transect data on TAPE1 using format 100. ‘

3. Read-in the pixel values on TAPEZ using format 200.

Output from Program BMDDAT: '

The output values, representing two series {one following the other)
of points, is output to TAPE3 and must be saved. The number of points per '
series is printed after the program listing. The data set is input to

program BMDOZT.
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PROGRAM BMDOZ2T

This program is taken from Biomedical Programs {Dixon, 1971) and

performs power spectra analyses and calculates transfer functions be-

-

tween series of points. The BMD manual details the input and output

for the program and gives examples.

i
PROGRAM GRARHO 1
|

This program calculates arbitrary graymapping intervals for later
use in program GRAPIX. To run the program, the user specifies the
minimum graymap level (XMIN), the number of levels to calculate (NUMRHO),
and the interval between levels (XINT). NUMRHO is limited by the number
of symbols available in program GRAPIX for qraymapping. XMIN, NUMRHO,
and XINT are read-in from TAPE5S using format 100. Many other schemes
could be used for calculating graylevels, such as histogram divisions,

etc. This choice is left to the user.
Qutput from Program GRARHO:

Qutput from the program is a series of grayleveils which is written
to TAPE1 using format 200 and must be saved as a file. This file is
used as input to program GRAPIX.

PROGRAM GRAPIX

This program graymaps the pixels output from program PIXPRO at the i
same scale as the input scene so comparisons of spatial detail can be made.

To run the program:
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1, Read-in NWID, NCOL, NCOLPX, and NUMRHO using TAPES and format
100, NWID and NCOL are the number of rows and columns of
elements in the original scene that would be needed to equal
the size of one pixel (i.e. NPXWID and NPXLEN from program PIXPRO).
NCOLPX is the number of pixels per row output from program PIXPRO.
NUMRHO is the number of graymap levels output from program GRARHO.
2. Read-in array RHO which contains the graymap levels output from

program GRARHO, using TAPE] and format 107.

Output from Program GRAPILA:

Qutput from the program is a graymap of the pixels at the same scale
as the input scene. This format allows comparison of the amount of

spatial detail (modulation) that was transferred from the original scene

to the output scene (pixels).

PROGRAM ATMOS

This program adds the effect of the atmosphere to the pixels output
from program PIXPRO. A transmission coefficient and path radiance value
are read-in to the program, These values could also be applied directly
to the original scenc reflectance or radiance values.

To run the program:

1. Read-1n a transmission coefficient "TRANS" and path radiance

value "PATHRA" using TAPES5 and format 100.

2. Read-in the pixel values (and their row and column designa-

tions) from TAPE1 using format 101,
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Qutput from Program ATMOS:

Qutput of the program is a string revised pixel value {and their

row and column identification), Output is written to TAPEZ and must

be saved as a fila.

REFERENCES A

Dixon, W. J., Ed. 1971. BMD Biomedical Computer Programs, U. of
California Publications in Automatic Computation No, 2, U. of
California Press, Berkeley, California.
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PROGRAM SCENE
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PROGRAM ,\TMOS

/EOR

PROGRAM ATMOS (INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT,

+TAPE1,TAPE2)
THIS PROGRAM CHANGES THE PIXEL VALUES OUTPUT FROM PROGRAM PIXPRO

Coviuns
C TO REFLECT THE EFFECTS OF THE ATMOSPHERE (TRANSMITTANCE AND PATH
c RADIANCE). "TRANS" IS THE TRANSMISSION COEFFICIENT: "PATHRA" IS
c THE PATH RADIANCE. THESE TWO VARIABLES ARE READ-IN TO THE PROGRAM
c USING TAPES AND FORMAT 100. THE PIXEL VALUES QUTPUT FROM PROGRAM
c PIXPRO ARE READ-IN TO THE PROGRAM USING TAPE1 AND FORMAT 101.
g OUTPUT PIXELS ARE WRITTEN TO TAPE2 AND MUST BE SAVED AS A FILE,
READ(5,100) TRANS,PATHRA
100 FORMAT(2F10.4)
1 READ{1,101) MROW,NCOL,PIX
IF{EOF(1)) 500,2
2 PIX = (PIX*TRANS)+PATHRA
WRITE(2,101) NROW,NCOL,PIX
101 FORMAT(215,F10.4)
GO TO 1
500 WRiTE(6,201) TRANS,PATHRA
201 FORMAT(1X,"TRANSMISSION COEFF=",F10.4,"PATH RADIANCE=",F10.4)
STOP
END
/EOR
.70 1.
/ EOF
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