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SIDE-LOOKING RADAR IN URBAN RESEARCH: -A CASE STUDY
R by

Eric G. Moore
Department of Geography -
Northwestern University

" ABSTRACT

Previous studies have shown that side-looking radar is of considerable
value in geoscience investigations. A discussion of the properties of side-
looking radar concludes that in the urban context the system is:particularly
suited to the performance of three types of task: (1) the collection of data
‘when the timing of the overflight is critical; (2) the preliminary surveying
of large cities to determine the gross pattern of internal land use; and .
(3) the preliminary surveying of large regions to determine the location and
areal extént of small urban centers together with the nature of the linkages
between these centers. T c : ' :

The main part of the paper examines the capabilities of AN/APQ-97 radar
imagery of Chicago in both HH and HV polarization modes with regard to the
. compilation of a land use inventory. The main conclusions are (1) the linear
" elements of the transportation network are clearly defined; the HV proves to
" be more useful than the HH as high returns from adjacent buildings on the
latter prevent accurate interpretationy (2) the gross patterns of industrial,"
residential and open space land use are identified although it is not possible
to map local boundaries of different land use types in detail; and (3) attempts
to identify commercial land proved to be surprisingly unsuccessful, the =~
cardinal effect introducing considerable difficulties into the recognition
process, SRR -

‘Finally, it is stressed that it is necessary to undertake similar experi-
ments using other radar systems. In particular, attention should be. focused
on designing'systems which. are appropriate to the data desired in contrast to.
present procedures which attempt to determine what data can be extracted from
one specific system. BT R e '




SIDE-LOOKING RADAR IN URBAN RESEARCH: A CASE STUDY
Eric G. Moore - _ .

Department of Geography
Northwestern University

“ -

" In recent years many studies have demonstrated the value of side-
lookimg radar in geoscience investigations.1 In this report attention is
turned to its capabilities in studying certain man-made features of the

earth's surface, namely the internal structure of a large metropolitan area.

“The reseerch‘is'paft of an ongoing program aimed at evaluating the content

of imagery derived from a variety of remote sensors operated over urban areas.

The reseaxch reported‘here is essentially sensor-oriented rather than -

problemtoriented The ba51c questlon asked 1is 'szen an zmage produced by a.

l_ speczf@c sensor, what d&ta relévant to the internal structure of an urban

area can be extraeted from that zmage" ‘This constltutes a first, exploratory
stage in evaluatlng the potent1a1 of a remote sen51ng System. Answers - to

such a question can do no morevthan spggest'some of the types of problems

" to which a sensor might be applied. A second, more rigorous, stage in

evaluating the utility of a sensor mustfbe its appliéation to speoific and
significant problems formulated within the context of'ourrent‘urban planning

and research.

Theoretical Utility of Returms.from~Side-Looking Radar

Each remote sen31ng system possesses advantages over other systems for

certa1n purposes as a consequence of its own 1nherent character1st1cs. In

'v;.the case of 51de looklng radar, four features are of partlcular importance:

L

1See, for example “the many 1tems c1ted 1n the blbllography of Ellerme1er

“:']and Slmonett (1965)

e i g b




,l;vahe actlve nature of the system permlts the strength of the emltted X
signal to be controlled and thus the magnltudes of the returns are
Alnot:dependent on the amount of llght.or other radlated energy
available.
2. In comparison with returns in the uisible and near;infrared ranges
“of the spectrum, radar 51gnals suffer little attenuatlon on their

path through the atmosphere. In combination with (1), thlg\means

'that radar possesses a v1rtua1 all-weather, day~and-n1ght capab111ty.

3. Modern side- looklng radar is capable of 1mag1ng far larger areas
1n,one_pass than can be achieved u51ng,conyent10na1 aerial photo-

"::graphie techniques from the same altitude. The implication is that

A.small;scale generalized'imagery can be‘obtained frequently and at

low cost compared with' other methods.

4. ’Radar imagery may be regarded as a series of line samples of. surface

backscatter. The electro~maonet1c 1mpulses whlch are converted

"'1nto the gray—tones of the 1magery may be dlrectly recorded. as

‘ d1g1t1zed values 1n the same manner as data obtalned from a flying-

_ spot scanner. Thls property greatly increases its potent1a1 value

- for automated data-process1ng.

e e

On the ba51s of the above comments, it is suggested that side- -looking

radar is partlcularly sulted to three types of pro;ects relevant to the study |

‘; of urban areas*

1) the collect1on of data when the t1m1ng of the overfllght is critical,
“i.e4, postponements due to bad weather cannotvbe»tolerated, For:
example, radar would appear to be the only feasible system fer.'

R '-monltorlng urban trafflc flows from the a1r 1n real - t1me, or even

fbr regular sampl1ng at peak flow perlods.

ii) the pre11m1nary surveylng of large cities or sets of c1t1es to :

determlne_thergross pattern of internal landfuses;_~




3
iii) conducting preliminary surveys of large regiOns'to deterMinelthenA
‘location and areal extent of small urban centere together with the
natnre of the linkagee between these centers. Of interest -in this
context'is the application of the law of allometric growth to area
measurements which leads™to quite accurate estimates of pobulation

‘'size [Nordbeck (1965), Wellar (1968)]. .

'in addition to identifying theAtasks for which radar possesses particular
.advantagee, there is justification for providing a‘more general statement of
_the types of urban data that can be obtained with this sensor. In determlnlng
the spe01f1c 1nstrumentat10n that is to be ;nstalled in orb1t1ng Spacecraft,
'11m1tatlons of Space may not permit the inclusion of the most suitable instru-
ment for each category‘of urban data required; it may be necessary to comprOmise
by,using the best.?all-round' instrument, and thus knowleoge of the.general

.

capabilities of each sensor is requlred

Dlscu551on of the capab111t1es of side- looklng radar is undertaken w1th1n
"the context of the second type of project outllned above, namely the deter-
mination of gross patterns of 1and use (1nc1ud1ng the transportatlon network)
-w1th1n a large urban area. Previous etudles concerned~WLth the appl1catton
: of,side-looking.radar to geoscience problems have'shonn that this sensor is
4particu1ariy efficient in detecting linear elements in the ground,pattern
.’[e.g.; stream channels (Beatty, et al, 1965) and fault lines (Feder; 1957)];
-The work okaeatty (1965) and of Simonett and Morain (1966) has also shown
'thatvtexturalkdifferences in,retufns”from diffetent‘ciops proVide‘important ,j} 5 :
| :cines to the nature of spatial‘variation.in crop.typee. This backgrouno
. Suggests that the aim of obta1n1ng data relevant to ‘the structure of the

o transportat1on network and to ‘the patterns of gross land use w1th1n the c1ty

‘are capable of reallzat1on, although the level of accuracy atta1nab1e is to

‘be determlned




Basic Study Design

Image interpretation was undertaken_within the context of inventory
,compilati0n5: Data was extracted in a systematic manner; this would appear
to ptovide the most useful guidelines for potentia;-users of side-looking
radar, The-following land use categories were identified and the imagery
was examined anew for each category to determ:ne the nature of relevant data

whlch could be extracted by v1sua1 1nterpretﬂtlon procedures.

£

1. The Transportation NetwOrk
a. 'Lineer'elements |
ni)‘ Reiitoads
ii) Watexrways
| ,riii) “Roads: Expressways
|  Other major arterials
Section and sub-section roads
l'.( b. Ternunal fac111t1es -
i) Rallroad statlons and marshalllng yards
' 11) Wharves | k
- 111) . Parking Areas

2,‘ Other Mq;or Land Uses

a. Industrlal (Manufacturlng)
' b.- Commerclal
-c.t Re51dent1a1 k

d. Parks and other open space

Interpretation Procedures

In an exploratory study in'which identification is effected By visual

R}

1’in5pect10n, it is not p0551b1e to completely isolate the var1ous components

‘d;of the recognltlon process. However, 1t 1s suggested that the followlng

'procedupes;"used'1n,comb1natlon, fbxm_the bas1s ofkdnterpretatlon, .H]f ,'f N

~




Ana1y51s of Image Texture

The "texture" apparent on a radar image....is composed of two
separate components, namely a system component and a true (terrain)
component. The system component arises from the number of pulses

" averaged per resolution element,... When very few pulses are
averaged, as in the case of much synthetic aperture radar imaging,
the wider is the spread of gray-scale values per unit resolution
cell and the "grainier" the image appears on an enlargement.

All radar systems have some residual system texture....textures

coarser than this residual or system component may reasonably be >
expected to reflect in part real differences in meso and macro

terrain roughness characteristics (including shadowlng) to which .

radar is sensitive (Simonett and Morain, 1966, p. 608).

In an urban area the '"terrain roughness" is largely determined by the

size and spacing of buildings and associated open space. Since different land

uses are typxcally associated with certain recognlzable Spatlal conflguratlons
of structures (1nclud1ng a lack of structures in the case of parks), it may
be hypothesized that radar returns will help to differentiate between basic

lcland use types. .

'VComPerison of Like- and Cross-Polarized Imagery
| Two ceses.must be considered in studying the effect of polarization of"
. radar returns from a glven terraln. (1) the radar return as a function of
. the polarlty of the transmltted signal; and (2) the return as a function both
of the polarlty of_the transmitted signal and of the depolarizing characteristics
 of the terrain. | |
Tﬁe second case is pertinent in considering returus from the urban-aree,
~ since the depolarization of the transmltted 51gna1 by the imaged surface is-
| sufficient to be recorded on film., The relatlve depolarlzation produced by '
'dlfferent surfaces may provide 1mportant clues as to differences in land

use types. In the present study, this 1nvolves the comparison of two

. simultancously produced images; one image is produced by the horizontally

2Although the AN/APQ 97 is not a synthetlc aperture system, such
. graininess 1s clearly vxs1b1e in Fxgures 1 and 2. :
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_polarized component of the return from a horizontally polarized transmitted

sigral (HH), and the other is produced by the ‘vertically polarized component

of the retUrn from a horizontally polarized transmitted signal (HV).

Analysis of Spatial Association and SpatiaI'Contert

'%bst‘human interpretive techniques rely heavily on Spatialistructure,
the shape of objects, and their spatial relationships to other objects."
[Holter and Legault (1964)] In the visual 1n5pect10n of radar 1magery, it 'is
1nev1table that these factors are intertwined Wlth other recognition procedures' :
for example, experience suggests that high 1nten51ty returns (1nd1cat1ng a

'rough’ terraln) adgacent to rallroad tracks are more likely to be 1nd1cat1ve

.of strlp 1ndustr1a1 than commerc1a1 development (the latter often shows up

- as anrarea of nlgh return adjacent to main roads).-

A major problem lies in the-formalization of contextual statements so

that reliable automated recogn1t1on procedures can be established. Howsver,

‘at present the main task is to determlne whether dlfferent types- of phenomena
' can be recognized by any means or at any 1eve1; specific problems related to

automation can be tackled Subsequentlr.'

'The'imagery,vsed

Active microwave systems can be constructed to yield returns over a wide

range of the electro-magnetic spectrum (from wavelengths of approximately 2 nm

‘ntn 1 meter) The enutted signal may be polarized in a nunber of dlfferent

ways (Ellermeler, et a1 1966) and the return sxgnal may be recorded both in

,terms of the’ dlrectlon of polar1zat10n of the origlnal 51gna1 and of the

orthogonal polarlzatlon. The theoretlcal-varlety of returns that could be -

B seudled is con51derab1e. In this report attention”is fbcused on returns from
‘an AN/APQ-S? system which Operated in the K-band (c. 3m- Scm) and wh1ch

fpossessed HH and HV polarlzatlon modes.
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“The imagery was obtained from a fljght over Chieago; I1linois (NASA Test
- Site 43) in the summer of 1966. The studj‘area comprises a strip alongrthe'

shore of,Lake'Michigan, some 25 miles from North to South, Stretbhing from.

~ South “vanston to the 1111n01s Indlana border., The NNW-SSE flight-line

- roughly paralleled the lake shore so that the study area extends a unifornm
6-8 miles ;nland,to a point where:the returns-become.too dlstorted to be‘of
value. - |

- A medlum ga1n setting was used to obtain good contrast levels for the

HH returns. No compensat1on was made for the HV w1th the result that the

level of contrast is markedly lower,for thlS polarlzatlon.

Both p051t1ve and negatlve transparencles as well as p051t1ve prints

twere avallable for both polar1zat10ns. The majorlty of the 1nterpretatlon

was: performed us1no the p051t1ve transparenC1es as the resolutlon was

. marglnally better than for the p051t1ve prlnts when ut1llzed with 11ght table

',;and magn1fY1ng glass. The remalnder of the 1nterpretat10n was undertaken

.-

;i:u51ng enlarged p051t1ve prints, althouoh as may be seen in F1gures 1 and 2,

fgraln constltutesAavconslderable,problem.

The Emplrlcal Analys1s'

Extract1on of data from the avallable 1magery is con51dered for each of

':the land use categorles spec1f1ed in sectlon B Where the level of accuracy,

in 1nterpretat10n 1s readlly apparent (as in the case of the rallroad net-

work) only subJectlve conments are prOV1ded Where the level of accuracy is

' more d1£f1cu1t to determlne (as in the case of 1ndustr1a1 and commerclal land)'

compar1sons are made between predlcted land use' derlved from the 1magery and,

'observed land use' recorded by the Northeastern 1111n01s Plannlng Comm1551on.-'

The Transportatzon Network

Llnear Elements f

“1 1). Rallroads.: Chlcago has an exten51ve rall network W1th a large numberi‘m_"




-97 Radar Image of

O
O
(o)}
—
i
N
=}
o]
-
re)
«
N
-
~
<
—
o
oL
=
o
=%]
(3]
9}
-
—
&

AN/APQ.

Figure 1:




Pttt

9961 - (uoT3ezrieyod AH) o3edTY)
Jo o8ewy Iepey £6-DdV/NV :z danS1g




10

of railroads operating within the metropolitan area., The majoriiy of the

elements in this system may be identified in the imagery as continuous lines
of high return. In some cases railroads may be consted with main erterial
roads, but, in general, the following differences may be observed.
1. Rallroads are continuous lines of high return as the 'rough'
" nature of the ballast, ties, and lines produees a high degree of
‘backecatter. In contrast, the high returns t}pical of many roads
. is irregular (discontinuous) since the backscatter is produced
- not by the road surface itself but.by the buildings and vehicles
o aesooieted with them; the latter are not associated with the
road surface in a systematic spatial way. For the wider roads,
‘and for the eipressways in particular, returns are obtained.rrom.
the smooth surface of the highway,‘and these are eeen as dark
'areas of low reflectance. |
. 2. Railroad lines tend to be characterized by large radius curves
in eontrast to the angular changes of direction typical of roads
and streets. ‘
3. The frequent wideninglof the tracks to accomodate junctions and
sidings conﬁrasts with the comparatively uniform width of roads.

In general, the HV polarization was found to be more reliable in identifying

" railroad lines, particularly in the cases where other features adjacent to the

htracks produce high levels of baekscetter on the HH (see, for:ekample,>the

area near the University of Chicago marked with arrow 1 on Figures 1 and 2).

The easier identification results from the fact that the backscatter for the rail

* lines in the orthogonal polarization remains high whereas that for the adjacent

bulldlngs is much lower than for the original polarization.

_The southboumd Ill1n01s Central, the westbound C.P. .$.§ P. and Chlcago and

‘Novthwestern, and the northbound Chicago and Northwestern are all clearly

»1dent1f1ed on the HV. A second Chicago and Northwestern 11ne which parallels :
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.did pose problems of identification.

" northern edge of the Loop.

11

the Kennedy expressway provides a good erample of the contrast between rail-
roads and major arterials. The two routes cross one another several times;
these cross-overs can be readily discerned as the high returns of the railroad
stand out in shaxp contrast to the low returns of the expressway (arrow 2,
Eighre 2)., |

One portion of the railroad network, the elevated rapid transit system,

The N-S Howard Street line‘cannot'be ,

detected on either polarization, whereas both the Lake Street and Congress

Street lines which run westward from the Loop are clearly seen on both the

HH and HV. The prime reason for this difference appears to be that there
are many more multi-story buildipgs adjacent to the Howard’Street line than’
to the other two and the resulting high backscatter makee.identification |
impossible.

ii) Waterways - The Chicago River is linked to Lake Michigan along,the
This link is clearly seen on the HV. The remainder
of the -system comprlslng the North ‘and South Branches .of the river and the

North Shore Channel can be clearly identified on the HH. On both polarlzatlons

the water stands out as being the target with the lowest energy return.

1) Roads | |

a. ExBreesways - The width of the erpressways means that peripheral

backscatter does not obscure the low returns from the road eurface

itself. For the most part the expreSSWays which radlate from the
Loop can be identified on both the HH and HV; as one nears the down -
town area, however, industxy crowdlpg in on the expressway~and an
increase in traffic flow produce sufficiently high backscatter on the
-HH to‘make,identification difficult; the HV has to he ueed to trace
the paths of therexpressways in the inner districts. The best example

of this difference is provided‘by the Dan Ryan from the Loop to‘its

'jhnction with'the4Chioago Skyway - (Arrow 3 on Fighres 1 and 2).
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b. Other Major Arterials - Most of the major non-expressway:routes

‘within the study area are visible on the HH althqugl the ease with
which they may be identified varies considerably. With ihé excéption
of roads such as Ogden and Forest Preserve Boulevard which are pexpen-
~ dicular to the flight path, the roads are identified by the high
returns from adjacent buildings rather than by low returns from the
road surface. |
The influence of the car@inal effect is very noticeable in
examinipg the road pattern. Those elements which are parailel or
perpendicular to the flight line stand out much more clearly on the
HH than those which conform to the normal N-S and E- aligpﬁent.. The
moét noticeable instances are sections of Milwaukee Ave. fArrow 2
on Figure 1); Lincoln, and Clark, which are parallel £; the flight
line, and Ogden and Forest Preserve Boulevard which are pefpenﬁicular

to the flight line.

c. Lower Order Streets - The basic street pattern corresp&nds to the
section lines which runrin a N-S and E-W direction. Virtuaily all of
thé section roads, most of the half section roéds, and just a few of
the quarter séction roads can be discerﬁéd as strips of high back-
scatter. A pointrthat,is in need of further researcﬁ is the cqhtri-
" bution of the Gestalt concept of "closure” to the identification 6f
the smallest elementé in the road net. It is felt'that mény of these
elemenfs are only '%een" because theyvaig continuations of gaéily.

distipguishable elements in another segment of the image;'

" b. Terminal Facilities o A

i) Railway Stations andfMarshalling Yards - Individual stations cannot be

identified on either polarization. In contrast, most junctions and marshalling

‘areas can be easily recognizéd, particularly on the HV where high returns from
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adjacent industry are absent. However, even though the locatlons of these
yards can be specified with a reasonable level of accuracy, nly ‘the most
tentative statements can be made rega1d1ng the size of the yards, for most of
the anc111ary facilities in the form of service and storage sheds merge with
surrounding 1ndustry (see, for example, arrow 4 on Figure 1 which points to
the complex of rallway lines and cattle yards in South Chlcago)

ji) Wharves - These are sufflclently well deflned by the incidence of
strips of very low returns amldst the high backscatter of surrounding warehousing
fac111t1es and 1ndustry to permlt quantltatlve statements of the amount of
berthlhg space avallable. Since no controls were obtalned at the time of
overflight; this was not done, but such firm statements would seem to’ beﬂ
feasible with this systen. |

iii) Parking Areas - Attention was fbcused on-known downtown parking areas, -

partlcularly that in Grant Park on the shore of the lake Although, the‘iatter.

does show" up as an area of marolnally dlfferent texture on the HV (arrow 4 on
Flgure 2) it is not felt that con51stently reliable results could be attalned

as the nearness of tall bUIIdlngS to most parking lots produces too much

' 'backscatter or shadow-to permlt ready identification of the parklhg areas.

2. Other Major Land Uses
a. Industr1a1
In attemptlng to evaluate the usefulness of radar in the 1dent1f1catlon .;‘
of industrlal land use, ‘an experiment was undertaken comprlslhg:fout stages. -
| 1. 'The2construction'of.a“teutative,map5of:industria1 areas uorth of the
| Chieago Rivef from a vdsuai inspection'of the imagery "Experienoe
suggested that 1ndustr1a1 areas should be 1dent1f1ed by a relatlvely
»'coarse texture (compared w1th ad;acent res1dent1a1 areas) w1th
'ucon51derab1e 1nterna1 var1at1on in the amount of backscatter. These
n a'fifeatures should;arlse from the typlcaluaSSOC1at;onfof largevbuildings«*

t
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with.considerable amounts of open space, with ;he'buildings lacking
B - a common orientation within eAgiven industrial area, |
v2.- A comparison of the pfedicted industrial districts.wlth‘those repre—v
‘sented on ‘the 1964 maps of the Northeastern Illinois Planning
'Commisssion.3 |
3. A re-examination of these .areas on the iﬁagery where gross errors-of-
identification had been made in an attemﬁt to improve recognition
procedures. ’ |
4. A,repetition-of steps 143‘£or the area to the south of the Chicego
:Riﬁer. . |
'This‘procedure‘was considered to be a valid one as the researcher waefa
newcomer to the Chieago area, and had no priof knowledge to bias his prediétions.,

Figure 3 illustrates- the extent of the overlap between "observed" and

b'@redicted" industrial land use in the area to the north of the Chicago River.

A nunber of points may ‘be made:

i) It:ean be seen that ﬁhe;gioss béttern of industrial land use ls reedilyv
identifled; howevef, it is elmose lmpossible to f£ill in the detail‘ |
at the neighborhood leVel |

ii) The 1nterna1 variation in gray ‘scale values for some areas is such
| that they were "seen' as a nunber of small dlsorete units rather than ‘
..as contlnuous areas. |
1iii) The most d1ff1cu1t areas to 1dent1fy were those Whlch took the form . 8
of strip. development along roads or rallways. For example, the 1ndustry
flanklng the- rallway to the west of Ashland Avenue between Addlson ~and
Foster (area 1, Flgure 3) is not V151b1e on elther polarlzatlon (arrow

"f 5,u51gure.l):yet the commercial sprlp development along nelghborlng

e

. These were the most ‘recent land use maps avallable. Changes in- the per1od
1964 1966 were not suff1C1ent to have any 51gn1f1cant effect on the recorded
pattern.(,;f L L e T e R o
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Lincoln is clearly visible. In other instances it was'not possible

to distinguish between high'backscatter'from indnstrial and commercial
ribbon development.
iv) The gain setting is an important determinant of the ability tofrecognize
B " industrial area boundaries. The backscatter from the Blue Island
section of the North Branch River (arrow 6, Bigurexli has produeed a
?Mhite-ont" effect such that it is very difficult to determine where
industry begins and ends--as a result, errors of prediction (area 2,

Fxgure 3) are con51derab1e.

v) There is a considerable difference between the type of returns from
manufacturing areas near the center of the clty and thOSe in the
suburbs. In the inner d1str1cts, land values demand a more conser~

vatlve use of space w1th nulti- story buildings and relatlvely small

o

amounts of open space surrounding them; this is in marked contrast to
“ the large single-story structures of the suburbs which are located
on extensive subdivisions; The two types of industrial development

are indicated by arrows 7 on Figure 1; however, it is important to

note that the inner industrial districts are still capable of differ-

entiation from the surrounding residential areas on the basis of

texture, as the closer packing of the bu11d1ngs in re51dent1a1 dlstrlcts
produces lower internal varlatlon of ‘gray scale values .
vi) It is only when one cons1ders the Loop, where all bu11d1ngs are multi-
k stoxy structures casting siaeabie shadows, that it.becomes'impossible
S o _t“ :v,: to make any istatement as to the relative'distributions ofhindUStrial
and other land uses. R ? o S ?" SRR b ' jf
(aﬂ'bh "., » The exercise was repeated for the area south of the Chlcago R1ver, the :

' fcorrespondlng "observed" and "expected" dlstrlbutlons are shown in Flgure 4.

' ;The 1eve1 of. performance seoms. to be about the same as for the northern dlstrlct
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despite the learning stage. Once again the gross pattern of industrial land
use is picked out. As before, the main errors occur in the identification

of ribbon development. However, the area along the railroad between 55th and

71st lies at the margin of the severely distorted returns, and is therefore

not a true test of the recognition procedure (area 1, Figure 4). The other

district flanking 95th Street (area 2, Figure 4) was not classified as

-industrial becausé no evidence of large buildipgs is to be seen.

If quantitative statements as to the amount'of_industrial land in a given
city are required, two needs must be satisfied:

1. The provision of rectified imagery. At present, the curV111near
distortion makes the location of industrial areas a dlfflcult task.

2. Comparative imagery from a number of.cities such.that systematic eirors
can be identified on a statistical basis. | |
b. Commerc1a1

"It is convenient to regard the commercial structure of Chlcago as comprising

.three components: the,Central Bu51ness District, suburban nodal retail cgnters,

and suburban ribbon development.

The Central Business District - The whole area of the Chicago Loop is well
defined as the mu1t1 -story buildings produce a coarse textured return of

alternating high backscatter and shadow. However, as mentloned above, it is

" not possiblé to distinguish between industrlal,,retall, adm1n1strat1ve, and

 other land uses within the Loop.

Suburban. Nodal Reta11 Centers - Slnce reta11 development of some fbrm is

'to be fbund at a large number of street 1ntersect10ns some kind of c1a551f1-

: catlon is necessary to provide a framework forvefvaluatmnl UBerry (1963) has

'identified fbur types of suburban center: 1) majov regionél éénters' 2) sﬁallerﬁ
shopplng goods centers' 3) communlty centers, and 4) nelghborhood centers.

Attentlon was focused on the two largest groups the maJor reglonal and

)
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smaller shopping goods centers. The classified centers lying to the north of

North Avenue were used as a test set;4 they were located on the imagery, and
it.waa found that they all coincided with high backscatter at intersections
of major artefials (non-eiprassway roads). The high backscatter results from
the great variety of surfaces (vehicles, signs, delivery ramps, and 50 forth),
many of which will be orthogonal to the emitted pulse. | |

After this initial learning stage, an attempt was made to locate the

major centers in the southern portion of the enlarged print (the area shown in

Eiguré 4). Nine centers were identified; five of these locations corresponded

with centers recognized by Berry. The remainipg four locations comprised two.

’ 1ndustr1a1 dlstrlcts at the intersection of major roads and rallways one

“a

neighborhood center, and one at the 1ntersect10n of two commerclal "r1bbons"

"~ which did not emarge as a 'separate retail node.

An additional factor entered into the generation of the four errors.

" Two of these mistakes occurred on diagonal roads (Archer and Milwaukee) an

conforming to the general N-S and E-W alignment; particularly in the former

V ,caée, it would seem that the cardinal effect is producing higher returns than

. if the same assemblage of structures were located at a N-S intersection.-

" From the evidence available it would not seem possible to locate shopping

‘centers with sufficient reliability to provide the type of information

required“to test such drban retail models as that formulatéd by Dacey (1966).

However, it is suggested that two steps mlght lead to 1mprovement in data

quality. (i) a small increase in resolutlon, and (ii) the use of "box-and-

, diamond" f11ght patterns to obtaln controls for the card1na1 effect

- Suburban Ribbon_DeVelopmentk«fThe criterion used for 1dent1fication of

- commercial ribbons Was.the,exiStenéeaOf,StripS,of high return flanking the

4The source fbr the locatlons of centers was Flaure 2 p XV1 1n Berry
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. elements of the road network. An attempt was made to map these ribbons for

the ‘area bounded by the lake shore, Belmont, Cicero, and the Eisenhower express-

way. .Althqugh the total lengths of commercial frontage are similar for the

- "predicted" and "observed" patterns,5 Table 1 shows that on a more detailed

| examination the correspondence is not particularly satisfactory.-

Predicted Not
Frontage Predicted

Observed —- ‘ , . ,
Frontage 362 15.6 | 41.8 = Total Observed

44,5 = Total Predicted

Table 1: Observed and Predicted Miles of

~ Retail Frontage in the Sample Area

~ As yet, detailed study of the errors resulting from the identification procedure

~ have not revealed any systematic form, and it has not been possible to improve -

on the above performance.

~The impact of the cardinal effect is more noticeable in examining this

“aspect of land use than for any other. The outstanding example is provided

by Milwaukee’Avenue which parallels the flight line between Irving Park Road

and Bryn Mawr. Thg'commerciai development along this section generates some

"of'the‘highest returns on the whole of the HH image (arrow 2, Figurve 1. In

‘f/éontrast, the section from Cicero to the Loop has as much commercial development

*

‘ ,v"SSou;rc'e‘zri of ribbo_n locations was Figure 1, p. xv., Berry (1963).

T ORI

SR T

\—Nﬁ\

NS

oy o
P

el

e e

SRR

o




v—f————.44*
. .
LAY .
LR
U

21

but the different ovientation has resulted in a much lower level of return

(arrow 8, Figure 1). The implication is that until a correction can be

applled for the cardlnal effect no rellable quantltatlve statements can be

. made regarding the extent of retall frontages in a given area. In fact, the

‘overall conclusion with respect to the identification of commercial land use

is that it is much less reliable than had been anticipated.
c. Re51dent1a1 ‘
Relatlvely little can be said about residential areas. apart from the

fact that they can be distinguished from other land uses primarily on the

- basis'of texture. They are areas of low to moderate return with just sufficient

internal'variation in gray scale values to distiﬁguish them from parks and

other open spaces. It would be useful to be able to dlfferentlate areas of .
high and low re51dent1a1 den51t1es but thlS does not appear fea51b1e with theA'
existing 1magery. A compllcatlng factor in the Chleago area is the presence

of a large number of trees in residential districts~ since the K-band does not

5.conta1n pulses of a long enough wavelenoth to penetrate tree cover, the deter-

mlnatlon of hou51ng densities might not be p0551b1e with hlgher resolutlon.
However, this does not rule out the.p0551b111ty of obtaining such 1nformat10n;
possible alternatives are a winter overflight or use of allonger wavelength
systeﬁ. | |

d. Parks andAOther Open_Spaces

‘ Slnce these’ areas tend to be characterized by a lack of bu11d1ngs or other
structures they do not produce as much backscatter as surrounding land uses.
Mostly they stand out as darker areas on both the HH and HV, althouoh the

former usually prov1des the more rellable 1nformat1on. Two categories of open

’space in partlcular may be easily identified:

1. Parks containing lakes - excellent examples are. prOV1ded by Washlnaton

-and Jackson,Parksfnear the'Unlvers;ty of Cbleago (arrowf9,.F1gure.1).
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{j% -2, Golf courses - the contrast between the rough and the mown fair-

ways'is sufficient to produce a distinctive pattérn of lighter and

darker lines.

Summnary
‘The above discussion has shown that a considerable amount of data

relating to patterns of land use within the urban area can be obtained utiiizipg

a K-band side-iooking radar. It is evident that different degrees of accuracy
-are associated with the identification of different components of the urban
structure:

i) The linear elements of the transportation network -are clearly defined

with the HV polarization proving to be more useful than the HH as high

returns from adjacent buildings on the latter prevent.accurate interpretation.;

f»> ii) The gross patferns of industrial, residential, and open space lénd
- use aré capgﬁlé of identificaﬁion although it is not possible fo map
the iocai_boundaries of different land uses in detail} The main
criterion fbf.distinguishing between these land use categories is the
variation.in image texture. The HH polarization provides the méin'
~ basis for interpretation. | |
iii) Attempts to identify.commerciél land proved to be surprisingly unéuc—'A'
cessful, the cardinal effect introducipg considerable problems'in_fhe
. reQOgnitidn prbqess.
'Althopgh>the bverall results of*the ekperimentvafe promiéing a number of .
.- steps are necessary before meanipgfulistatemehts cén be made rggardihg the |
Cutility of side-lobkipg radar in urban research. First and fbremosf, it is
L ; necessary tO'defineLproﬁlems which ave significant within the urban planning
) f énd reséarch_éontext to which radar techniques are applicable. The radar
’syStéms must be évéiuated with fespect to these specific problems. kSe;ond, | o *f%
: Qithiréspect tobx-band radar; comparable imagery‘for 4 number of test éreas
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mﬁst Be‘obtainedvin oxder to &erive statements which possess some generality.
Third, carefully specified flight patterns which permit the éstablishment
of statistica1 controls for the cardinal effect must be flown. Finally,
simflar experiments'are necéssary using other radar'systems: In particular,
attentioh should be focused on designing systems which are appropriate to

the data desired in contrast to present procedures of attémpting to determine

what data can be extracted from one specific system.
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