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THEMATIC SESSION: ENVIRONMENTAL COGNITION AND PERCEPTION

AMBIENT VISION OF THE ENVIRONMENTAL PERCEPTION:
DESCRIBING AMBIENT VISUAL INFORMATION
Ryuzo Ohno, Kobe University

ABSTRACT

The nature and role of ambicnl vision in envirenmental perception, as opposed 1o focal vision, s discussed
based on recent findings in physiology and psychology, and s method which describes ambicni visual
information is proposed und tested by applying Il to assess ouldoor spaces of housing neighborhoods The
information ublained by smbient vision is hypothetically defined as o siatistical measure of an array of visual
surfaces which surrcund an observer. The wvisual susfuces in 1he environmen! were divided inlo basie uniis
(componenis) on the basis of their "alfondance”, such os surfaces of paventent, earth. grass, trees, building
and sky. A personal computer program was developed 10 measure the solid angles of visible area of the
componenis and the volume of visible space around a given poinl in 0 proposed environment, Empirical
studies, in which subjects rated sequential landscapes of different housing neighborhoods, revenled thal the

ghobal impression, or feelings of a place ¢an be well explained by some of the measurcs obtained by the

program.

INTRODUCTION

Qur perception and appreciation of the environ.
ment may depend not only on some dominant
elements but also on the their background. As -
telson (1973) suggested, environments, as op-
posed to objects, include peripheral as well as
central information. Mareover, people rarely fix
their eyes on a point or in one direction but rather
look around and explore their surroundings 1o
gain a feeling about an environment. The area be-
hind us is no less a part of the environmen! than
the area in fronl. As | will discuss below, | call this
potentially wvisible information that surrounds
people ambient visual information as distin-
guished from focal visual information with which
traditional object-oriented study in psychology
has concerned itself.

With some exceptions (Rapoport, 1977; Gibson,
1978; Thiel, 1981), ambient visual information in
environmental perception has rarely been laken
into account as a environmental variable by en-
vironmental researchers and designers since It is
not easy to describe the whole visual field sur-
rounding people by conventional methods. Thus
it is worth having an alternative tool to describe
ambient visual information of the environment.

This study presents a personal computer pro-
gram which was developed to provide a visual
representation and statistical analysis of the am-
blem wvisual information at a given point in a
proposed environmenl. Empirical studies ex-
amine relevance of these measures obtained by
the program to the human feelings cf a place.

Parallel processing: focal and ambient vision

Environments include enormous amounts of In-
farmation frorm which we gain necessary informa-
tlon very fast and without appreciable effort. How
do we deal with this mass of incoming infoarma-
tion from the environment?

One possible answer, which | support, would be
parallel processing In the visual system which s
suggested by physiological and psychological
studies. It |s suggested that parallel visual path-
ways in animals, which concurrently analyze dif-
ferent properties of the visual scene, subserved
separale visual functions (e. g. Trevarthen, 1968).
Two roles of vision are distinguished: one, am-
bient vision, involved In orienting the animal in
space and quiding its larger movements, the
other, focal vision, used for the detailed examina-
tion and identification of objects. Evidence of
similar parallel pathways has also been
demanstrated In humans (Bassi, 1988). Compuler
scientists think that the guick and effortless per-
formance of our vision is likely to have a com-
putational solution using a parallel algorithm, and
parallel processing may be essentlal for com-
petent vision systemns because the serlal architec-
ture of conventional computers Is too inefficient
to deliver the massive amount of computation re-
quired (Ballard, Hilton and Sejnowski, 1983).

Althaugh ambient and focal vision are different in
their functions, they must interact with each other
in some way to obtain perceptual synthesis. On
the interplay between the two channgls of visual
analysis, Julesz and Bergen (1983) regarded am-
btent and focal vision as preattentive and atten-
tive visual systems respectively. Based on
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findings of experiments on texture discrimination.
they suggested the existence of a separale preat-
tentive visual system lhal cannol process com-
plex forms, yet can, almost instantaneously and
without effort or scrutiny, detect differences in a
few local conspicudus features regardless of
where they occur. They noted, 'The preattentive
process appears to work in parallel and extends
over a wide area of the visual field, while scrutiny
by local or focal attention Is a serial process,
which at any given time Is restricted 1o a small
patch. " Preattentive vision. therefore, was
believed 1o serve as an early warning system by
pointing out those loci that should be attended to.
With this interplay of two visual systems, we can
pick up wanted information from a wide area of
the environment with limited attentional effort.

Although the above discussions were extracted
from experiments under special laboratory situa-
tions, a hypothetical model of environmental per-
ception can be speculated upon based on the
dual mode of vision, The model is schemalicaily
represented in Figure 1, which shows the relation
between the percetver and the source of visual in-
formation. Focal vision is characterized by an ac-
tive visual line fix on an object, while ambien
vision is characterized by numercus radiant visual
lines converging on the station point, which | call
wisual radiation. " Some of the differences of the
two visions are summarized in Table 1.
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Hypotheses and design criteria of the program
In order to develop a tool to describe ambient
visual Information, discussion about the nalure of
ambient vision has to be extended to postulate
hypotheses which serve as design criteria of the

program.

Continuous environmental surfaces were con-
sidered 1o be the source of ambient information.
The basic units which convey ambient visual in-
formation were postulaled to be areas ol visible
surfaces divided up by differences in meaning for
basic human behavior or differences in thelr “al-
fordance” (in Gibson's term, 1978). They are, in
this study, surfaces of pavement, earth, grass,
trees, bullding and sky. Pavement, for instance,
affords walking but can atford neither digging nor
laying, trees afford going through or under but
building wall cannot afford. The way of dividing
environmenital surfaces s similar to Thiel's (1981)
concept of "basic pattern areas" in his "notation”
and is virtually made following his ideas, but Is
different in two aspects: {1) objects are excluded
because they are likely to become a source of
focal vision, and (2) surfaces of the same afior-
dance are not distinguished regardless of their
texture ar color.

The two visions can be characterized by the dif-
ference of sirategles for controlling the flow of In-
formation. Focal vision eliminates unwanted
information by selective attention while enhanc-
ing the elements attended to. Ambient vision
deals with broader areas, with scattered or un-
conscious attention and grasps the global im-
pression very fast. The instant process which
integrates information from broad areas implies
that ambient vision performs a simple statistical
analysis. The program, therelore, must assess
visual information from all directions around the
perceiver and conduct some statistical calcula-
tion tor integration although accuracy of details is
not required.

The program, in practice, assesses surrounding
scenes by numerous scanning lines radiated from
a station point in all directions with equal density,
and records the array of visible surfaces of
various components and the distance between
the surfaces and the station point with which spa-
tial volume is calculated. The concept ol spatial
volume Is similar to Benedikt's (1979) "lsovists”,
although the measurement method is different.
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Having this data, it then calculates wvarious
measures which are expected to describe the im-
pact of “visual radiation” from the surfaces sur-
rounding the perceiver. A more detailed
explanation of the program and process of its ap-
plication will be made In the following exploratory
case study.

A CASE STUDY

Settings

Two adjacent public housing sites an the hillside
of Kobe city were chosen for testing the program.
Both of them have five story multi-family housing
(see site-A and site-B in Figure 2). They have,
however, quite different site plans in terms of land
configuration  (anificially formed wvs. natural),
layout of buildings (regular vs. Irregular), road
pattern {grid vs. curving), amount of vegetation
(small vs. large), and capacity of parking space
(large vs. small). Therefore, people may have dif-
ferent views of landscape and may have ditferent
feelings in response to the views.

In order to confirm these differences, thifty-seven
individuals were interviewed about their impres-
sions of the places after visiting the two sites
From the responses obtained by the free inter-
view (701 words and phrases), descriptions of the
state or quality of particular elements (e. g. "well
maintained garden") as well as direct expressions
of preferences (e. g. like to live") were omitted,
and adjectives which express the global impres-
sion of the places were extracted and compared.
The following are typical responses which clearly
show the contrast between site-A and site-B
respectively as: ordered vs  disordered,
monotonous vs. varied, artificial vs. natural, rest-
less va. restiul,

Creating data of the site In computer memory

Based on the site plan, graphic data was created
in tha frame memory of a personal computer,
Building shapes and borders between difterent
land covering materials were first drawn on the
display, and then painted according to a color
code to identify building height and land covering

Fig. 2 Two setlings for the case study
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materials such as pavement, grass, and earth
(Figure 3-a). If the site plan was drawn by a com-
puter aided drafting (CAD) system, the vector
data of lines could be transierred and directly util-
ized In the program. The data of land configura-
tion of the site was similarly put into the frame
memory with every one meter change of the land
height identified by coded color on the display
(Figure 3-b). Each of the trees and bushes in the
site was recorded regarding its height, size of
crown and location, and then put into computer
memaory (Figure 3-c).

Fig. 3 Data of the she

site plan (a)

trees (c)

Measurement procedure

From the station paint around which the visual
state Is to be assessed, a scanning line is drawn
in each of the colored site plans on the display,
and the land height, land covering materials and
building heights along the line are identified by
color code. With this data, a vertical section along
the scanning line is drawn on the other plane of
the display. Using the tree data. a vertical section
of trees cut along the scanning line is calculated
and drawn on the above obtained section,

In this section, many scanning lines are radiated
from the station point at eye level (1. 5 meters
high). Each of the scanning lines extends until hit-
ting the outline of sectional surfaces and reading
color code to identify whether it is, for instance,
paved ground, buildings or trees. At the same
time, the length of the scanning line Is calculated
(see Figure 4). If the scanning line does not hit
any surfaces within the equivalent of fifty maters,
it is judged as going up to the sky.

The above pperations are repeated by changing
the azimuth of scanning line by five degrees until
all directions around the station point have been
assessed. Figure 5 schematically shows the
result of these assessments. In this figure, each
cell of the chan represents a result obtained by
one scanning line, and each column of 29 cells
reprasent all resulls for one section of one direc-
tion, thus it has a total of 2,088 cells for all direc-
lions

Fig. 4 A process of the measurement fanalysls of a section]

Several numerical measures were extracled from
the charts to examine possible implications relat-
ing to human perception of a place A ratio of
total area of solid angle for each visible com-
ponent (RYC) was calculated from the chan
showing the array of companents (see Figure &-
a), and a measure of visible spatial volume (VSY)
was represented by a mean radius of a
hemisphere which s equivalent to the volume



241

EDRA 22/1991 healthy environments
B
B
A ) T} <ol
I
g"‘; 'ri Borizsansl §lan
2 ‘ ‘
"“"""‘ﬂ_ﬁﬁﬁﬁﬂslr"ﬁﬁ : =
{100%ax) sz imnth i~ tt2dnad

£1) Hatio of Viwible Compoment of “x° {(RVCz):
R¥Cx = gy X
ny: wumber of calle idemr|fled a3 component "1
N : nusber of all eslls (29 2 71 = 2028 cullu)

(1) Vimiblo Spatial Voluse {¥Y5V):

Td -1

log ¥5¢ = B X, 108 Lan # Hy

Lun: leagth of visval line potniing (m.m) eell

: wsber of eells of horlzontal asd spward
direciiops (13 x 72 = 1040 cells)

Fig. & Operational deflinitions of the measures

formed by integrating the visual lines above
horizon of various lengths {see Figure 6-b}.

Results

The program was applied to a sequence of sta-
tion points along a typical path in both of the two
sites. Figure 7 compares the results of twenty
conseculive points five meters apar. Site-A,
which was judged as "monotonous” and “artifi-
cial”, has very little variation in terms of the visible
spatial volume and ratio of visible componants.
Its average visible area of Irees occupies less
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than ten percent. As for site-B, it was quite varied
in both of the measures, and an average visible
area of trees exceeds lhirty percent. These
numerical measures well represent the impres-
sions of the place.

The Accuracy of the Measure

The above results were obtained by using a
simple model created in the computer memaory,
and the density of scanning lines are rather
coarse. The accuracy of the obtained measures
are, therefore, examined against the actual view
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Fig. 6 An example of the results of the assessmenls
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Fig. 7 Sequential profiles of visua! information of the two setlings

of the site. Figure B-a was drawn from a
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photograph taken on site using a hemispherical 40| 51 Sky Area
projection (fish-eye) lens, and Figure 8-b was g g i ]
drawn using the data generated by the computer B G Grass p ',
for the same slation point. The area of com- o e XY
ponents of both graphics were measured and E . T
compared. Figure 9, which compares eight dif- ém . _f.n'r
ferent scenes, shows a correlation diagram with a L2 L
regression line. The high correlation coefficient s UL
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AN EXPERIMENTAL STUDY

In order to examine gquanlitalive relations be-
tween human responses and the measures ob-
tained by the program, nine simulated
landscapes ol housing neighborhood were as-
sessed.

Method

In addition to the two existing settings used in the
previous case study, seven site plans which were
systematically difterent in density of vegetation
were created and scale models (1/250) of all sites
including the existing ones were made. Stimull of

Fig.9 Area of components by two different means

the experiment were slides of the models taken
by a model scope (Fig. 10).

A total of forty-three subjects comprised of twen-
ty-two male and twenty-one lemale students were
employed in this experimenl. A sequence of
scenes along a typical path In each of the nine
housing sites was presented 1o the subjects by a
series of slides taken at ten consecutive points
each ten meters apart. The task of the subjects
was lo rate each simulated landscape using a
rating sheet which contained ten bipolar adjective
palrs (Table 2). These adjectives which express
the global impressions of a place were selected
from the words obtained in the previous case
study.

The program was applled to each of the nine
sites and numerlcal measures of eight consecu-
tive points along the same path as the above ex.
periment were oblained.
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Results

For each site, proflles of the visible area of com-
ponents and the spatial volume were oblained as
shown In Figure 11. From these data, the coeffi-
cient of sequential variation, which is an average
difference between two conseculive measures
divided by the mean value, was calculated,

Figures from 12 1o 15 are part of the results which
show the relation between the subjects’ jJudgment
of the landscapes and the average ratio of visible
area of each component and the visible spatial
volume. In the figures, the horizontal axis of the
ellipse shows the standard deviation of the eight
- — measures while the vertical axis indicates con
(staticapaint #1; s type TH1) fidence interval (95%) of the subjects’ rating.

Figure 12, which shows the relation between the
judgment of "natural - arificial’ and the visible
area of greenery, suggests that greenery softens

Fig. 10 An example of the stimuli

Table 2 Adjective pairs the negative impression of "artificial," but the posi-

tive Impression of "natural" would not be en-

1 monotonous —  varied hanced by an increase of greenery beyond 15

2  natural —~  artificial percent. A reciprocal relation was obtained in the

3 oppressed —  open case of visible areas of bulldings (Figure 13). The

3 hlabi — . daik visible area of the sky is influential on “wet - dry"

rig ar i 5

5 leasnre —  borin judgment as seen in Flg_]ure 14, A sm-uriar refation

P _ E was obtained for the rating of “dark - bright. * Fig-

6 ordered —  disordered ure 15 Indicates that the visible spatial volume
7 unigue —  featureless correlates well with "oppressed - open. " :

8 wet - dry

9 restful —  rastless Regarding the sequential variation of com-

10  spacious - tight ponents, the visible area of buildings among

others can explain the rating of "monoctonous -

components
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Fig. 11 Anexample of a site plan and a result of its measurement
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varied" in the lower range of variation (Figure 16).
The sequential variation of visible spatial volume
was found to reiale with "unigue - fealureless”
{Figure 17) as well as "pleasure - boring. " In the
above two figures, site-B, in which the direction of
the path is frequently changed, was rated as
maore "“varled" and "unigue” than expected by the
measures. This may suggest that a combination
of measures Is necessary for oblaining more
clear relations.
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Fig.12

wet -
OB |
P =
&0

8 16 35 —35 35 (Y
visible area of the sky
Fig.14
7
B

2 .4
X T P .
w | A
AT
% i ;
E . *1 . . )

a a3 - 18 I FLIE
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Fig.16

As for the judgments of "restful - restless” and
"spacious - tight.” no significant relations were ex-
tracted probably because the present simulation
method using slides was inadequate to elicit
these feelings.

CONCLUSION

The data from the present empirical study
generally supports the validity of the measure-
ment of ambient visual information, and the
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numerical relations between some measures ob-
tained by the program and human responses was
clarified, although more detailed analysis s
necessary to construct a explanatory system for
predicting human perception of ambience of a

place.

If the system is established, it would be a useful
tool to assess the unbullt enviranments for not
only environmental researchers but also environ-
mental designers. Although it may reguire some
effort to establish the model by Inputting the data
of the site, once we have the model, it is guite
easy to assess the visual state at any point in a
proposed envircnment. Using a part of the data, it
Is also possible 10 produce a crude perspective
drawing which can provide a view at any direc-
tion from the station point. If an environmental
deslgner uses computer aided drafting (CAD), the
model is obtained without extra effort, and he or
she can easily and interactively use this system in
the design process.

FOOTNOTE

*A part ol this research project is supportad by the Scientific
Research Grant of the Ministry of Education of Japan (Mo
02805074).
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