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UTILIZATION OF MULTIBAND AERIAL PHOTOGRAPHS
IN URBAN HOUSING QUALITY STUDIES
'Barry S. Wellar
Department of Geography

Northwestern University -
. Evanston, Illinois

ABSTRACT

The collection and utilization of urban data pose problems for many scien-
tists. Present data collection procedures are frequently e%pensive, slow, and
subject to considerable error. The data generaliy do not meet the basic require-
ments of timeliness, flexibility, compatibility and reliability. This paper re-
presents an initial thrust towards generating housing quality data froﬁ multiband
aerial photographs which meeﬁ‘the above requirements. The study compares the ex-
tracted data with those used in the'American Public Health Association survey
appraisal form. This form is currently being examined by the U.S. Bureau of the

Census as a potential basis for the 1970 Census of Housing.

1. INTRODUCTION

In recent years, increasing interest has been shown in remote Sensors as a
means for investigating a variety of phenomena. One area of research in which
the utility of remote sensors will play a critical role in the near future is in
the analysis of urban-phenomena, where scientists face an ever-widening gap between
: . cqvsasan, 1,2
data requirements and data availahility.

The following comments are suggested as basic to the urban data problem. First,

a variety of much—needed data are not collected. Of the data which are collected,
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the requirements of timeliness, flexibility, compatibility and reliability are

frequently not mets. This situation exists in part as a result of the inability -of

of data users to specify their‘data needs. 'Secondly, existing data handling systems
possess several major limitations.4 Invériably, these systems give inadequate
consideration to the spatial and temporal properties of data, severely détracting
from their usefulness in urban and transportation studies. The translation process
has not yet been autométed, and contents of existiﬁg urban data systems are highly
inflexible; consequently, only specific classes of questions can be addressed to
specific sets of data. Further, the practice of aggregating data to minimize
amounté of data stored restricts analysis. In fact, analysis of data pertaining

to individuals is precluded, since the minimum level of aggregation at which

urban data is presently available from most sources is at the block level.

-The preceding observations are illustrative of the complaints which scientists

make regarding urban data systems and their contents. This paper attempts to de-

monstrate that certain types of urban data are available from remote sensor imagery,
and to suggest how this technique may contribute towards narrowing the gap between
needs and availability of specific urban data. The next step is the integration of
the data collection operation and the data handling system.s’6

A variety of sources are available which providg a repreéentatiVe history of
the utilization bf convéntiongl aerialrphotography, multispectral photography, and

other imagery in urban area analysis and synthesis.7’8’9

This paper is primarily
concerned with an evaluation of housing quality from multiband photographs. A
literature search of previous symposia and relevant journals indicdates a paucity

of such empirical studies of urban areas.

2. SEVERAL BASIC CONSIDERATIONS
“There are several factors which must be considered when preparing the flight

plans for such evaluative studies if the capabilities of the remote sensors are to

i
/



be rigorously tested. This testing should be designed so as to appraise both

the relative advantages and limitations of the sensors. With respect to camera
systems, one factor to.be considered is the performance characteristics of tﬁe
sensor. That is, over what range is the sensor operable, what are its resolution
capabilities, and how are its returns affected by varying weather and climatic
conditions. Furtﬂer, the type of data which the imagery is purposed to generate
must be specified. Finally, rigorous testing of remote sensors in data collection
is very much dependent upon whether or not a precedent exists. When a precedent

for data acquisition does exist it may be possible to perform a critical evaluation
of the capabilities of different sensors, and thereby determine the relative utility

of each sensor for different data acquisition tasks.

3. ~IMAGERY CHARACTERISTICS AND FLIGHT PLAN FACTORS

Details of the multiband camera system, and the nature of returns from the

10,11

system have been discussed in detail elsewhere. The following statements

pertain to this study. The imagery used to generate data was obtained from the

Itek nine-lens multiband camera operated 3000 feet above datum on November 19, 1965,
at 1300 hours CST. There was a minimum of cloud cover, and the ground was bare.
The flight line ran east to west, from Lake Michigan to the western suburb of

Oak Park, using the Eisenhower Expressway as guide. The scale of the imagery is

approximately 1:6000 on the negatives, and 1:1500 on the 9~inch pfints. Ground

resolution levels are such that residential chimneys (1 foot by 1 foot) are clearly

discernible where contrasts in tone and texture are adequate to differentiatc

"between chimneys and roof-tops.

There are several flight plan factors which relate to the previous section,
and, are explicated here for the benefit of any group contemplating using this
: . B \ ' )
system in a future exercise. In the central city of Chicago, tree foliage does

nét pose a problem, but many of the suburbs have a high density of tall, high-foliage -



trecs such as maple,. elm, et;.' Since the multiband system does not have any
penetrating capability, it was necessary to schedule the flight 2t a time when t
the trees would be void of foliage, if the suburbs were to be usefully imagéd.

In addition to the foliage problem, weather and daylight factors also had
to be considered. Summer and winter flights were eliminated (foliage and snow
cover) leaving only the Fall or Spring seasons. There are fewer days of incle-
ment weather in the=Fail, and daylight is sufficient that seven to nine hours
of flight time is available during this season in the Chicago area.

These conditions will vary from region to region, but for purposes of op-
timizihg the use of the aircraft, and protecting against poor quality imagery,

they should receive very careful consideration.

4. STUDY CONTEXT
In order to place the study within the broader context of data collection

research, it is necessary to indicate how the use of remote sensors may be inte-

~grated with prevailing data collection procedures. A fundamental question which

must be asked in structuring research on improved methods of data collection is:

can the remote sensor provide for the acquisition of data which satisfy the

criteria of timeliness, flexibility, compatibility and reliability, more rapidly;

accurately, or at lower cost, then other available collection methods. Incor-

poration of remote sensors into the urban data collection machinery is justified
only if some combination of these demands upon the system evokes a positive response.
The following observations are intended to illustrate that housing quality data
canvbe extracted from multiband aerial photographs. Research currently in progress

will attempt to determine if these data can meet the above specificationms.

S. STUDY FRAMEWORK
Determination of housing quality from remote sensor imagery is of interest

for both practical and theoretical reasons. First, ascertaining the spatial

/distribution of different grades of housing quality, and particularly the



identification of areas where standards are low, is of considerable importance
to urban planning and public health_agencies. This is especially true where
health and welfare are concerned. Current methods of housing quality evaluation |,
and data presentationvare time-consuming and expensive, and are subject to con-

siderable error,t2:13:14

If remote sensing devices can provide a basis for
generating these data, meeting certain specifications, and in so doing, reduce
time and cost expenditures, an. important service will have been performed.

The theoretical implications‘of research of this type is jllustrative of
a problem frequently encountered in the use of remote sensing imagery: that is,
the necessity of establishing suitable surrogates for phenomena which cannot be .
directly observed from the air. Operations of this nature include estimates of
shoppers in étores on the basis of the number of cars located in parking lots,
analysis of industrial activity on the basis of size of plants and associated
railroad sidings, stock piles, yard space, etc., estimates of population based
on housing observations, and in this paper, of inferring from an interpretation
of exterior conditions, the interior conditions(of housing units. (These operations
differ in content and objectives, and’are presented only as a mean3 of illustrating
how surrogates may vary.) A = o | 'f;

This study recognized that housing quality cannot be directly measured from
the air, since quality of housing was defined to include consideration of not only
fhe external features of the dwelling and immediate environment, bﬁt also of the
internal condition of the dwelling.15 &Jnecessary hypothesis was that these inter-
nal characteristics ére consistently associated with other external criteria that
may be imaged from a remote sensor. Verification of this hypothesis would facili-
tate the development of a rapid and efficient survey method, by which ;reas having
the ﬁighest propability of possessing low quality housing could be readily iden-

tified on a first-generation basis, and more definitive statements could follow.

/ ! ’ R : ’ &



Communications with officials in Chicago revealed that no part of the metro—‘
politan area had been subjected to a structure-environment appraisal. This
factor precludes direct evaluation of multiband imagery relative to other
collection methods. Howevef, it has been possible to perform an indirect
evaluation of this method by comparing the content of the American Public Health
Association environmental survey appraisal form with data extracted from the
multiband piiotographs. It may be possible in future work, should data from other
sources become available, to perform cost-efficiency studies and rigorously eval-
uate the relative gtility of the various data collection methods, including

those now practised, and those which are proposed.

6. EMPIRICAL OBSERVATIONS

Fifteen small areas in the Chicago region, each covered by one multi-
band sequénce, were selected for detailed study.ﬂ The areal ektent of the>images
ranged between 3 and 8 blocks containing between 5 and 35 multiple-family dwellings
per block in Chicago. In suburbs such as Oak Park, images cover 5 blocks, con-
taining an average of 30 single-family dwellings. Inferences were made about
the housing quality in each area on the basis of criteria such as land-crowdiné,
n6n~r¢sidentia1 land uses, private open space, hazards and nuisances associated
with fhe transport network, and basic gommunity facilities. Although most of
the above features can be identified on conventional aerial photography, it was
often found that a given phenomenon could be digtinguished much more readily -
on one specific band.than on any other, In particular,’some factors, which were
found to be consistent indicators of housing quality, were not readily identifiéble

on any plate within the visible spectrum, but stood out clearly in the bands of

the photographic infrared. The more important of these are listed below.

1) Private landscaping. In the better quality housing areas, landscaping

in the form of shrubs, rock,gardens, flower beds, etec., is common to almost every

-lot. The opposite tends to be true in the poor quality areas. Oceasionally a

.



lot supporting a single-family structure in an area of predominantly poorer quality

multiple-unit structures will exhibit some landscaping such as patio, shrubs,

[y

flower garden, etc. This information is more reédily obtained from the photographic

~infrared. The infrared also helps to differentiate between grass and dirt. Grass-

covered front and back yards are found in good hbusing'quality areas, while in

poorer areas, dirt rather than grass is evident in the yards. Where grass does

‘exist in poorer districts, it is not as healthy or well-conditioned as in the

better quality housing areas, and is patchy in appearance. Occasionally these
data can be obtained from a yérd-by—yard inspection, but they are more readily
acquired when the neighborhood, or at least severa; lots, can be considered
simulfaneously. The photographic infrared also clearly reveals footpaths crossing
both occupied and vacant lots in the low housing quality areas.

2. Public landscaping. Parkways (strips between streets and sidewalks)

are thé property ofithe city. However, the property-owner is obligated to care

for that segment of the parkway which fronts on his perefty. In the better
housing quality areas, this stiip is invariably grass-covered and well-kept,
comparable to the condition of the lawn on which it fronts. In the poorer quality .
housing areas the parkway is usually a strip of dirt. In the areas studied to

date, using the infrared, the white appearance of vegetation in good neighborhoods,

and dark appearance of dirt in low housing quality sections have provided a very

. good first approximation of conditions in the respective areas when compared with

the conclusions derived using a battery of variables. A few small, widely-spaced

trees are found on thé better-kept of these poorer housing quality blocks.

Structures in these areas are frequently multiple-unit, so there may be some

question as to whether the landlord or tenants are remiss in maintaining the parkways.
3. Vacant lots. In the,aregs of better quality housing, vacant lots are

well-tended. The converse is true in poor housing quality areas.16 This may

be due to the much stronger influence of factors such as neighborhood pride,
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pressure from neighbors, or strict enforcement of city by-laws in the maintenance
of property in higher quality residential areas. The photographic infrared
clearly differentiates between grass; and weeds and bushes in terms of both tone
(variation in '"color') and teiture {(evenness Sf well-maintained yards, versus
roughness in appearance of vegetatidn in yards or lots "gone to seed"). In
addition the infrared may reveal litter more reliably than returns from the visible
portion of the spectrﬁm; this in part varies from lot to lot, as some litter is
more highly contrasted with a light background, and some with a dark background.

4. Curbing. In areas éf better quality housing the curb line is unbroken -
on all blocks. In the poorer quality areas, the curb line is frequently broken;
as a result of cars being parked on parkways or frbnt yards, or has not kept
pace with building. The photographic infrared imagery usually revea1§ this feature
more readily and reliably than the.visible imagery, but again, given certain
condiéions, the visible may be more useful.

The above four factors, which are a function of the nature of muitispectral
imagery, and others noted in the original report,17 have led to some tentative
statements as to those features which are most commonly associated with the
occurrence of poor quality hbusing in the stu&& area. These were found to be:

i) the presence of litter, garbage, wrecked or derelict cars, énd piles

of lumber and rubbish throughout a neighborhood or block, on both
occupied and vacant lots.
ii) the lack of landscaping and grass in occupied lots,
iii) 'the lack of grass on parkways, )
iv) thg'number of vacant lots, ©
. V) the existence of non-residential hazards and nuisances, primarily
. 3
industrial plants and warehouses which frequently have outdoor storage

areas covered with debris,. and

,; vi) the extent of lot-crowding, i.e., the lack of open or play area that



exists on residential lots.

7. (CONCLUSIONS
The criteria for identification of poor quality housing outlined above
have not yet been established statistically. Howevér, on the basis of frequency
of appearance and level of association for eéch criterion, it has been possible
to select and quaiifatively evaluate low quality housing indicators.18 In
exploring the validity of this technique it is instructive to compare the evalua-

tion procedure with that used by the American Public Health Association (APHA).19

Of the 24 items contained in the APHA environmental survey appraisal form, 20

can be estimated for small areas using multiband photographs. In addition, 10

items not included in the APHA survey form were found to be consistent indicators
of low quality housing in the Chicago multiband study. (See Table 1)

Lt is possible that the Bureéu of thé:Census wili rely heavily on the APHAV
appraisal‘form for providing environmental data in the 1970 or 1975 Census of

Population and Housing.20

If the form is adopted the multiband technique will
gain added significance sinée it could provide data.on rapidiy changing housing ‘
patterns that would be compatible with much of the'data obtained oﬁ a regular
basis by the Census. A point to be madeAhere which makes this research more
generally applicablé is that although the investigation to.date has been confined
to identifying'areas of low qualitylhousing, i£ can be feadily ekpanded'to include
a variety of housing cdnsiderations. The Census data would also pro?ide ground
truth which could be used to check for systematic errors in interpretation
of the imagery.

The extent to which acquisition of housing data from mulfi-spectral
photographs can repléce\the collection.of such éata by field enumerators has yet

to be established by controlled éxperiment. One factor which should be empha-

sized is that the socio~economic background and experience of the enumerator are

’



TABLE 1: ENVIRONMENTAL CRITERIA USED IN THE EVALUATION

ITEM Criteria
Used by
APHA

LAND CROWDING

1.

[0 07 QR N VAN )
¢« e o e @

Coverage by Structures

Residential Building Density
Population Density

Residential Yard Areas

Building Frontages

Multiple versus Single Unit Structures

e X

CONDITION OF PRIVATE FREE SFACE

7.
8.
9.

Landscaping
Condition of Grassed Areas
Presence of Litter or Garbage

NONRESIDENTIAL LAND USES

10.
11.
12.
13,

14.

15.
16.
17.

. Smoke Incidence

Areal Incidence of Nonresidential Uses
Linear Imncidence of Nonresidential Uses
Specific nonre51dent1a1 Hazards and Nuisances

Fa e i

Hazards to Morals and Public Peace

Non Structure-supporting Land (Utilized)
Non Structure-supporting Land (Unutilized)
On-street Parking

HAZARDS AND NUISANCES FROM TRANSPORTATION SYSTEM

18.
19.
20.
21.

Street Traffic

Railroads and Sw1tchyards
Airports

Alleyways

el ol

HAZARDS AND NUISANCES FROM NATURAL PHENOMENA

22,
23.
24.

Surface Flooding
Swamps and Marshes
Uneven Ground

< e

INADEQUATE UTILITIES AND SANITATION

25.
26.
27.
28.

Sanitary Sewage System
Public Water Supply
Streets and Sidewalks
Condition of Parkways

e e e

INADEQUATE BASIC COMMUNITY FACILITIES

29.
30.
31.
32.
33.
34.

Elementary Public Schools
Public Playgrounds

Public Playfields

Other Public Parks

Public Transportation
Food Stores

R R

KRV

OF HOUSING QUALITY

Criteria

Extractable
from

Imagery

i g X X Fa ol ad el ol i ] el ol 4 e

el e

e R e Rt

Extractable
Criteria

Used in
Housing
Quality Study

E i e PP

e aleltal
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important sources of variation in evaluating housing conditions; the employment

of experienced photoiqterpreters would help to greatly reduce this variation,
not only because of potentially superior training, but also because fewei persons
would need to bé involved in data acquisition;

One eventual development in housing quality studies may be%that several
criteria will sufficé to identify low quality housing,.eg., the litter and
lot-crowding factors.. This pdssibility will have to be fhoroughly investigated
by data users and collectors, in‘terms of meaning of the data, what is to be done
with the data, and what the data is to do for users.

An evaluation of the utility of the multiband sequenée relative to other
unclassified sensors is made somewhat difficult by the absence of these sensors
on the same flight. In fact, it is sometimes difficult to determine if differences
in tones between frames are due to actual variations in spectral returns, or to
diffe;ences in processing. A significant contribution is believed to have been
made to the stﬁdy by the photographic infrared bands. For the most part only
bands 4 (measures reflected light in the visible part of the spectrum) and 7
(measures reflected light in the near-infrared part of the spectrum) were necessary,
as the analysis of other bénds provided only marginal data. If this observation
holds in studies of a variety of areas, the quantity of imagery wouid be greatly
reduced, as wéuid film and processing costs, should this technique be adopted
for future use. |

The research reported on here depends on associational matérial for the
analysis of the imagery. The automation of this data collectibn method will
require thorough examination of the structure of the recognition process, for
example: will spectral signatures provide a sufficiept basis for interpretation,
or 'will we have to be concerned as well with the more difficult problem of
qtilizing concepts of spatial aésociation,,spatial structure, and context;

In terms of future research, the following considerations should receive



priority:

i)

12

extension of the type of work reported above to imagery from a

number of cities; this would provide a basis for the application of

ii)

statistical techniques to attempt to determine apprdpriate'weights

to be attached to specific indicators of poor quality hoﬁsing. This
will be dependent upon

development 6f clear statements from potential data users and colleﬁtion'
as to definitions and content of the desired data.set. The develop-
ment of reproducible measures of housing quality is esse;tial if the

requirements of compatibility and reliability of data are to be met.



2 side a s dl plant aC. Further, note
, lot, and the small number of garages necessitating heavy
~§ on-street parklng, espec1a11y overnlght. Finally, observe the alleys strewn with

litter and garbage. Forage food and harborages for rats are spread almost throughout
the imaged area.
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FIGURE 3

Better Quality‘Housing Area

Aot oo

Figﬁre 3. Multiband Imagery: ,.55-.60 microns. W. Jackson Blvd., Chicago.
This area contains a high density of dwellings which appear to be well-maintained.
Note also such positive features as the number of single-family houses, and the

fact that the parkways, streets, yards, vacant lots and alleys are almost totally
free of litter.



FIGURE 4

High Quality Housing Area

Figure 4. Multiband Imagery: .70-.81 microns. W. Jackson Blvd., Chicago
Note the larger proportion of parkways and yards covered with grass, and the im-
proved condition of the grass relative to the area of the previous Figure.




Figure 5. Multiband Imagery: .55-.60 microns. Van Buren Ave.

Oak Park, Illinois. Note the variety of modern housing styles, ample private
yard space, clean yards, streets, alleys, parkways, provision of off-street
parking, minimum of non-structure-supporting land, and absence of noxious
commercial or industrial activity.
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FIGURE 6

Hl ‘h,,Quality Housing Area

Figure 6. Multiband Imagery: ,70-.81 microns. Van Buren Ave.,

Oak Park, Illinois. Note that all areas which could support grass, including
and parkways, do so, and that the grass is in very good condition even though
is November.
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