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hazards ainnd uwuisanees, primarily in-
dustrial plants and  warchonses.
¥) the extent of lotwrowding, f.e.,

the amovnt of open or play arca Lhat
exizgts on tho residential lots.

In exploring the validity of the above
teehnigue it ig instructive to compare
the evaluation procedure with that nsed
by the American Public Healllh Assoei-
ation {APHAY" Of the 24 items con-
tained in the APHA environmental sur-
vey appraisal forra, 20 can be cstimated
for small areag uzing multiband photo-
graphs, In addition, 10 jtems not in-
elnded in {(he APHA survey form were
Iound to be consistent indieators of low
quality housing in the Chicagn multi-
nand study.,

1t is possible {hat e Bureau of tho
Cengus will rely heavilty on the ATHA
appraigal form for providing environ-
mental data in the 1870 or 1975 Censua.
If the torm iz adopted, the malliband
technigue will gain added significance
ginee it could provide data on rapidly
changing housing patierns (hat wonld
he compatible with dala oltained on a
regnlar basiz by the Census, The Census
duta wonld algo provide ground truth
which could be wwsed to check for sys-
tematic errorg in interpretaiion.

The extent to which multispeciral
photographs can replace the field eny-
maratar hag yet to be established by con-
trolled oxperiment. A point to Le made
iz that the =ocioceonomiec backsround
and experience of the enumerator iz an
important sonree of cvror in existing
data; the empluoyment of experienceid
photointerpreters would help to greatly
raduee thiz variation, not only hecanse
ol supcrior iraining but also becawnze
fewer nersong are involved in dala ac-
quisivion.

A, The
Farest

Urbhan transportation provides an ex-
citing fleld for the potential application
of remote senging, Possibilities for usze
ol both active and pussive sensors range
from continual updating of maps of the
trangportation network o ihventoriez
¢l rolling stock and the maonitoring of
traflic Mows in real time, The niility of
any one sensor depandg on itz partienlar
characteristics: in the case of multi-
apmeltal photography, the ability to dis-
tingnish between «iffercnt surfaces on
the basis of their patterns ol gpectral
reflectivily sugmgesis thut the elassifica-
tion of read surfacing materialy might
prove a prolitable avonoe of research.
Thig could possibly [orm the Hrst step

Clussificalion of Road  Sur-

lowurd a system which not only  pro-
vides an inventory of surfacing char-
acteristics for a city but alse indicates
the atate of repair of that suyriace, pin-
pointing thode aresas in need of atten-
{lom.

Sels of photopraphs for the Norlh
snburban arveus of Evanston, Glenview,
and  Wilmette were obtained from a
flight over Chicago it 1965, These are
comparcd with maps compiled from a
concurrent ground Barvey,

Since unpaved and paved roads can
be readily distinguished on conventional
phatographs, atteniior was focussed on
ihe latter category. TFour dilferent
gurface Lypes were recognized in the
ground survey:

1. hituminons asphalt

2, asphaltie ronerote
asphalt

3. new concrete

4. old concrele

conerole

Visual Inspection of the prints Indi-
cated that ceorfain bands were more
ngetnl for dlatinguish:ng bhetween Lhese
surfaces than gltherd, For example, the
greatest eontrast belween asphalt and
conevete waus to he found in the 0.55-0.50
microm range, AlLovgh the aimultan-
eoud visnal comparison of several im-
aged iw difficult, it dicd appear that the
differonees between bend 4 (in the vig-
ible spectruin) and band 7 (in the noar
infrared} might provide a basis for
diseriminaling between asphaltic con-
erete and bituminous asphalt. The ovi-
dence was sufliciently encoursging to
justify further investigation,

Thirty-eight sumple points on the im-
agos were chosen to cover the tnll range
of surtace types within the stndy arca,
IHgitized walues for thedge poinis were
abtained by visual comparizen wilth «
Kodak Gray Scale on lfive of the nine
available bunds (Nos. 1, 2, 4, T, and &3,
Thus for the ith poirt we may define
a veclor X;, whero

X (X Xie X Xip 3450 11, 2, ., 38

The x,, are the individual tonal values
Lor the ith point.

How may we deterteine the organiza-
tion oxigting in rhig data sct? Oue
method is to consider X, to deflne n
point in five-space (with coordinateos x,,,
Xiw w0 Eygb. The distanec from the point
defined by X, and ihat defined by X,
{—d,;) may then be defined as

h

dyy == = (X — e ¥
1

iy
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et RE 1—Rlementary linkage analysis
in two-space.

Computation of lhe distances beotween
all pairs ol points yields a symmetrical

matrix (with 28x38% clements in this
cazel. Hach of the distunces indicates

the “closeness” of two points in fve-
gpace; this would seem to bhe an im-
purtant measure as wo o are concerned

with the way In which the polnts form
groups or clusters.

A wimple way of subdividing the
poinle into groups iz to perform an
elementary linkage analysis® on the dis-
tance matrix, such that each point is
connected to its nearcst neighbor. Fig-
nure 1 illnstrates how sueh groups may
he formed in two-space, In this way the
hasic organization of the data is iden-
tified; real world surfaeez which are
agsooiated with these groups may then
he established. 'Table £ gives the re-
sultz of this operation for the sample
get ol road surfaces.

The grouping procedure reveals im-
portant u]}det‘l'ying patterns of aszgoci-
ations Letwecn the signatures:

1. Bituminousz asphalt is clearly sep-

arated from all othoer surfaces.

2. New and old concrete ag a single
catogory is well differentiated from
the others; howoever, even within
thig clagsification zeme differenti-
ation between old and new con-
crele may be possible. Group VI
contains no new concrete, while
the largest grovp, II, contains only
two old concrcte surtaces out of
cleven.

Tanre 2. Organization of Road Surface Signatures.

Surface
Group  Code
No. Na. Surface 'I'vpe
I 1*  |asphaltic concrete
12 ald concrele
2 nCW COLuTERE
g new concrilo
4 new concrete
14 new concrete
19 new concreto
23 new concrete
II |, 24  new conerete
| 29  aschaltic concrete
3 Bew concrete
33 MW CONCrete
36 |old conerete
39 old comcrele
3 |asphaltic concrote
I 23 asphaltic concrete
17 lasphaltic conerete
IV 22%  bitumineus asphalt

| 26 asphaluc concrete

Surface i
Group | Code |
No. N Surface Tron
3 biturnincus asphalt
28 bituminous asphalt
\i 31 jhiteminos asphalt
.33 |biruminous asphalt
41 |bivumincus asphalt
6 |old concrete
7 |old concrete
VI 0% |asphaltic conerete
1l old eoncrete
13 lold concrete
VII © 16 bitumincus asphalt
21 bituminous asphalt
12 |old enncrete
‘ 27 |new concrete
I new copcrote
VIl 32 ‘pew conerete
37 old concrete

3 |old cuncrere
‘ 40% asphaldic concrete
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The presence of these extraneous data
in the two experiments is due to the
relatively crude classification algorithms
that were used. Surfaces outside the
fields such as lawns and parkways were
plotted in one case, and non-street sur-
faces such as concrete paths and patios
were plotted in the other. This results
from the nature of the recognition tech-
nique used, which simply plotted all
elements of similar spectral signature
in the respective experiments.

The main purpose of this exercise is
to illustrate the type of output formats
that can be utilized; as more sophisti-
cated pattern recognition procedures
are employed, elements satisfying dif-
ferent sets of conditions can be re-
trieved in the same run, and direct
print-outs on that basis of a multiple
classification can be achieved.®

CONCLUSION

This paper attempts to illustrate
some of the encouraging results that
have been obtained in using multi-
spectral photographs to investigate
topies of relevance to urban plan-
ning and research. It is stressed,
however, that multiband imagery is
but one type of remote sensing ca-
pability. Different sensors perform
different functions; as technology
advances and provides us with bet-
ter imagery outside the visible range
of the electro - magnetic spectrum
(non-classified ultraviolet and ther-
mal infrared imagery is not yet
comparable to visible and near in-
frared photography in resolution
capability) our ability to recognize
and interpret will rapidly improve.
The potential value of remote sen-
sors in the urban area is not in ques-
tion; the major task is to wutilize
this potential in the most efficient
way.
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