
Concept of ambient vision and its research application



Visual systems with different spatiotemporal ranges 
in acquisition of environmental information 

strong

weak

Focal vision

Peripheral vision

Ambient vision

Within fixed field of view

All directions from the view point

No directivity

Directivity of attention

The analogy of human vision to a camera is misleading. Ambient vision is 
not a momentary snapshot vision, but a visual sense with a time range.

Peripheral vision

Ambient vision

Focal vision



Impression of a place received by Ambient vision

The impression of a place by ambient vision depends 

not only on the scene you are seeing at a certain 

moment, but also on the scenes you have experienced 

before and cannot see it at the present.



"visual radiation"  by ambient vision

Thermal radiation

Ambient vision receives visual information emitted 
from the surrounding environment just as it would 
receive thermal radiation.



Information received by focal and ambient vision (examples)

Focal visual information conveys the meaning

of a tree that has attracted attention as a 

visual object

Ambient visual information conveys atmosphere

of space surrounded by hedges



Focal vision Ambient vision

Comparison of characteristics of two visual systems

Characteristics

Perceiver's attitude

Visual pathways

Nature of information 

processing

Behavioral function

Outcome

Points regarding the differences in the characteristics of the 
two visual systems that have been discussed in various fields



Focal vision Ambient vision

Visual pathways

Comparison of characteristics of two visual systems

Characteristics

Via thalamus / visual cortex 

(cerebrum) /

Via the superior colliculus 

(midbrain)

Visual information that is not 
noticed as visible

Visual information that is 
perceived as visible

The visual system has been found to have two parallel major neural pathways, each of 

which works differently in the processing of visual information. 
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Parallel processing model



Focal vision is a serial attentive process, which at any given time is restricted to a small area of 

the visual field.

Behavioral function Detection / recognition 

of objects

Attention evocation / orientation

Body locomotion

̉

Ambient vision unconsicously extends over a wide area of the visual field. Therefore, it is 

involved in orienting the animal (human) in space and guiding its larger movements, and it 

serves as an early warning system by pointing out those loci that should be attended to. 

Focal vision Ambient vision

Comparison of characteristics of two visual systems

Focused attention / 

conscious / active

Perceiver's attitude Dispersive attention / 

unconscious / passive

Characteristics



Focal vision Ambient vision

Understanding Global impression/ feelingOutcome

Comparison of characteristics of two visual systems

Characteristics

Focal vision is used for detailed inspection and identification of specific objects in the 

environment and provides an intellectual understanding of what it is.

Ambient vision instantly captures the state of the environment, evoking an intuitive grasp 

and emotional response to the entire surrounding environment. 

Nature of information 

processing
Perceptual selection

Scrutiny process

Perceptual integration

Intuitive process



Focal vision Ambient vision

Comparison of characteristics of two visual systems

Characteristics

Behavioral function Detection / recognition 

of objects

Attention evocation / orientation

Body locomotion

̉

Focused attention / 

conscious / active

Perceiver's attitude Dispersive attention / 

unconscious / passive

Visual pathways Via thalamus / visual cortex 

(cerebrum) /

Via the superior colliculus 

(midbrain)

Understanding Global impression/ feelingOutcome

Nature of information 

processing
Perceptual selection

Contemplative process

Perceptual integration

Intuitive process

Source of information What are the environmental elements that are the sources of information for 
each of the two visual systems? 2



Two approaches for 

filling up visual field
2

*Based on Landwehr, K.: On the minimal stimulus information for something to be seen. Paper presented at XXIII International Congress of Psychology, Acapulco, Mexico, 1984

Focal vision

Ambient vision

Two ways of thinking about the composition of the visual space

The visual field is composed by 
discrete elemental features (objects)

The visual field is composed by 
continuous environmental features (surfaces)

̂ ᵣ̃

┬

The whole field where you can feel the 

brightness but cannot see anything

Actual visual scene



Focal vision Ambient vision

Comparison of characteristics of two visual systems

Characteristics

Behavioral function Detection / recognition 

of objects

Attention evocation / orientation

Body locomotion

̉

Focused attention / 

conscious / active

Perceiver's attitude Dispersive attention / 

unconscious / passive

Visual pathways Via thalamus / visual cortex 

(cerebrum) /

Via the superior colliculus 

(midbrain)

Understanding Global impression/ feelingOutcome

Nature of information 

processing
Perceptual selection

Contemplative process

Perceptual integration

Intuitive process

Source of information Discrete elemental features 

(objects) ̂ ᵣ̃

Continuous environmental features 

(surfaces)



From the above discussion:

Å The impression of the place depends on ambient 

vision.

Å The source of ambient visual information is 

continuous environmental features (surfaces).

Description of the impression of a place by 

measurement of ambient visual information

Å

Å The impression of the place can be described  by the 

environmental surfaces.

Å

Å

Therefore



Hemispherical projection of a scene

Å

Å

Method for measuring ambient visual information*

Aphoto taken with a fisheye lens Manually divided into basic components based 

on the photo

*Ohno, R. Ambient vision of the environmental perception : Describing ambient visual information. Proceedings of the 22nd Annual Conference of the Environmental Design Research Association, 1991 

Hypotheses:

Å The basic units of the environmental 

surfaces that convey ambient visual 

information were postulated to be areas 

of visible surfaces divided according to 

differences in their ñaffordanceò, or 

meaning for  basic human  behavior. 

Å The impression of the place can be 

described by the ratio of the area of 

components. 



Development of a computer program for 

measurement of ambient visual information

An example of the result of measurement 

for the scene by a computer program

Visible area of basic components of environmental surfaces are measured

components

Hemispherical projection of a scene

Aphoto taken with a fisheye lens Manually divided into basic components based 

on the photo



Principles and processes of measurement

Projection sphere Projection spherical surface developed on a plane

Å The program identifies the array of visible surfaces of various components by numerous 

scanning lines radiating from an observation point in all directions with equal density. 

Å At the same time, it measures the distance between the surfaces and the observation point.

Å The result is recorded in a cell on the projection sphere, which is unfolded on the plane 

shown on the right. 



Environmental Data Generation

Based on the survey map, the graphic data of terrain and site plan were created 
in the frame memory of a personal computer.

(a) Terrain data (b) Site plan data



Measurement process of the program

Tree

Section

Observation point

Scanning line
(line of sight)



* The visible spatial volume is the average value of the line-of-sight lengths of all scanning lines (1944 lines) 
radiated from the viewpoint, and corresponds to the radius when replaced with a sphere.

A result of measurement by the computer program

β 1944

Distribution map of visible components    ᶃ

Distribution map of line-of-sight length    ᶃ

Ratio of visible component

Visible spatial volume* 



Description of sequential experience in the environment 
by measuring ambient visual information*

Applied study example 1:  
: 

*Ohno R. Studies on environmental perception during locomotionτa review of 
empirical studies by the Ohno laboratory. Jpn Archit Rev. 2018;1:194ς206.



Japanese circuit-style garden (Katsura Rikyu, Kyoto)

The Japanese circuit-style garden is designed for visitors to enjoy the 

shifting scenery while walking on a winding path around a central pond.

̂ ֤̆ ̃



Garden type classification from the observer's viewpoint

Japan Ҟ Western

Garden to sit and watch

Circuit-style garden

French garden

English landscape garden

Fixed viewpoint

Moving viewpoint



English landscape garden (Stourhead, England) 

English landscape garden has a path leading around a pond, and so might seem very similar to a Japanese circuit-style garden. 
But the spatial design along the path is quite different. Instead of offering a sequence of transitional experiences, the pavilions, bridges, 
and other elements are laid out to look the most attractive from several stationary vantage points. It is an experience of goingaround 
specific scenic spots one after another, and it is rather boring while moving between those spots.  



Appreciation by the focal information of the garden

Teahouse

Stone bridge
Sandy beach

In the Japanese garden, things to be focused on such as teahouses and stone bridges are placed, and it is said that it is 
indispensable to appreciate the garden to know the meaning of them. However, even those who do not know what they mean 
(for example, foreign visitors) can still enjoy the atmosphere they receive directly from ambient information of the garden.
In this research, we try to analyze such aspects of garden appreciation by means of ambient visual information.



Let's take a walk at Katsura Imperial Villa, which is a typical circuit style garden.







This small hut is a waiting area for guests 
invited to the tea ceremony.



































This is the end. 
As we have just seen, this garden is designed so that you can enjoy the changes caused by the series of different spaces.



(a) Terrain data (b) Site plan data (c) Tree data

Measurement of 
ambient visual 
information around an 
observer

(d) Observation 
point data

An example of the analysis results

Procedure of computer 
analysis of a Japanese 
circuit-style garden

a b
c d

This is a measurement process 
that was carried out to examine 
the impression of traveling 
around the Japanese garden. By 
preparing (a)terrain data, (b)site 
plan data and (c)tree data and 
inputting (d) observation point 
data on the garden path, various 
visible components seen from 
that point can be measured.



Observation point Observation points along the garden path

Changes in ambient 
visual information 
(visible amount) in 
the Japanese garden
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Profiles of measured visible components

Observation point

This figure shows the ratio of each 
visible component of the garden at 
a series of observation points along 
the path.

(Number of steps from the starting point)

We are trying to explain the 
change in atmosphere as we walk 
through the garden by this method 
of describing ambient visual 
information.



Texture

Body movement direction

Sequential changes

in the garden path

Measurement of non-visual stimulus information
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Relative altitude



Various textures of 
the garden path

49

The perception of such non-visual 
changes, as well as visual changes, 
enriches the experience of the circuit-
style garden.



Applied study example 2:  

Sorakuen garden, Kobe

Influence of ambient visual information on 

people's behavior in the circuit-style garden

Experiment

Measurement of Sensory Information
¢ƻ ŀƴŀƭȅȊŜ ǾƛǎƛǘƻǊǎΩ ōŜƘŀǾƛƻǊ ƛƴ ǘƘŜ ƎŀǊŘŜƴ ǿƛǘƘ ƻōƧŜŎǘƛǾŜ ŘŀǘŀΣ 
the computer programs explained above was applied to measure 
ambient visual information along the path. 

21 1

In this study*, we attempted to reveal how ambient visual 
information affects behavior in a Japanese garden.

Å The 21 participants were asked to walk freely on the garden 
path one by one.

Å The points where the behaviors such as stopping, changing 
the walking speed, and looking around were recorded by a 
video camera.

: 

*Ryuzo Ohno, Tomohiro Hata, Miki Kondo: Experiencing Japanese Gardens: Sensory 
information and behavior, in J. Demick, et al. (Eds.), Handbook of Japan-United States 
Environment-Behavior Research, Plenum Press, pp. 163-182, 1997. 



Tea pavilion

Pond

Bridge

The results of the experiment

--: slow walk zone
o: stopped point

EachǇŀǊǘƛŎƛǇŀƴǘΩǎbehaviorconcerningwhere they sloweddown
andmadea stop.

The figure below shows the viewing directions of 
participants by arrows on the map. The length of the 
arrows indicates the number of participants who 
viewed the same direction from an observation point. 
From this figure, it is also noted the tendency to choose 
similar places to stop and look in a certain direction.

Observation points along the garden path(Number of steps from the starting point)

The figure above shows the zones where the 
participants slowed down, and the points where they 
ƳŀŘŜ ŀ ǎǘƻǇΦ Lƴ ǘƘƛǎ ŬƎǳǊŜΣ ŜŀŎƘ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜ ǎƘƻǿǎ 
ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ōŜƘŀǾƛƻǊΦ ¢ƘŜ thick line indicates the 
zones where participant slowed down, and the small 
circle indicates the points where they made a stop. 
Fromthis figure, wenoticed the circles form several 
vertical lines or clusters. This indicates that the places 
where these actions tended to occur are fairly common 
among the participants.

The stopped points and viewing directions



Spatial volume

Water surface

Measured profiles of the ambient visual information

Observation points along the garden path(Number of steps from the starting point)

The result of measurement

The computer program described earlier was applied to this garden to measure the 
ambient visual information received when walking along the garden path.

visible components 

Architecture



It was found that the point 
where the participants stopped 
on the garden path was the 
point where the space volume 
increased sharply, and also the 
point where the visibility (solid 
angle) of the architecture and 
the water surface increased.

Result of the behavioral 
experiment

--: slow walk zone
o: stopped point

Observation points along the garden path(Number of steps from the starting point)

Spatial volume

Architecture

Water surface

Measured profiles of 
the ambient visual 
information

visible components 

Correspondence 

between measured 

ambient visual 

information and 

behavior



Distribution of participantsô 

viewing directions

Distribution of mean distance 

from the surrounding surfaces
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The figure shows that the deflection of the viewing direction 
can be explained by the asymmetry of the spread of the 
visible space.

Correspondence between measured 

expanse of the surrounding space and 

viewing direction

Conclusion
This study revealed that the participants commonly 
change their behavior when their ambient vision detects a 
sudden change in the surrounding scenes.

This study suggests that measurements of sensory 
information in the environment can help predict 
human behavior to some extent.

Correspondence between the direction seen by the 
participants and the spatial volume



Feeling of oppression from the surrounding environment while walking*

The experimental site: Suzukakedaicampus of Tokyo Institute of Technology (1998)                                                                               (present)

A series of experiments was conducted to 
ǊŜŎƻǊŘ ǘƘŜ ǇŜŘŜǎǘǊƛŀƴΩǎ ŦŜŜƭƛƴƎǎ ƻŦ 
"oppression" and "release" experienced 
while moving through an exterior space. 
And it was discussed using measured 
ambient visual information.

Applied study example 3:  

*Ohno R., Tsujiuchi R., Inagami M.: A Method of Continuous Rating for Psychological Impact while Moving through Exterior Space: A study on description method of ambient visual 
information and its application (Paart2), J. Archit. Plann., AIJ, No. 570, 65-69,Aug., 2003. 

(Further research: Inagami M., Ohno R.: Anisotropy of environmental perception caused by spatial changes during locomotion, Journal of Environmental Psychology, 
Elsevier Science Ltd., Vol. 30, no. 2, pp. 258-266, Jun. 2010.)

: 



Experimental route
425m

Sixteen participants were 
asked to rate the sensory 
impressions, "oppression" and 
ϦǊŜƭŜŀǎŜάΣalong a route, which 
has a variety of spatial 
configurations yet it has little 
variations in building façade. 

The passages include narrow 
spaces between buildings, 
tunnels, open spaces, and 
other places where people 
are likely to feel a change in 
oppression.

Experiment

425m

16



Experimental apparatus

The experimental apparatus

We designed an apparatus to continuously record the varying intensity of 
psychological impacts on a participant moving through an environment. 

An experimenter walked behind the 
participant and operated a position-marking 
device when he or she passed a designated 
position along the route. 

The apparatus transformed the turning angle 
the knob into an electrical signal, which was 
recorded every 0.2 seconds on a laptop 
computer in a backpack carried by the 
participant. 

0.2



zones⁷  (1)   (2)    (3)     (4)       (5)             (6)       (7)          (8)
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Figure 3  An example of the rating results for the sense of "oppression"

(2) (4) (8)
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Observation point (distance along the route from the start point)

Result of Experiment

The feeling of oppression is great in the gaps between tall buildings (Zone 2), 
in the tunnel (Zone 4), and beside the high concrete retaining wall (Zone 8).

From this result, it seems that the psychological impact of the participant was 
successfully measured by the experimental apparatus.



S1

S3
S2

¢ƘŜ ŦŜŜƭƛƴƎ ƻŦ άƻǇǇǊŜǎǎƛƻƴέ ǊŀǘŜŘ ōȅ ŀƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎ
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Result of Experiment

Average value of  "feeling of oppression" rating along the tested route

This figure shows the rating results of each 
participant with a single horizontal line. The 
blue and yellow bands on the line indicate 
where the participants rated the "feeling of 
oppression" as significantly higher or lower, 
respectively.

This result shows that the high and low ratings 
of oppressive feeling are quite common 
among the participants. Therefore, we 
decided to use the average value of all 
participants to express the degree of 
oppression of the tested route.

Observation point (distance along the route from the start point)



Graphic data of the experimental site

Measurement of ambient visual information

(a) Terrain data (b) Site plan data Procedure of computer analysis 

The program was again applied to a sequence of observation points along the 
route where the experiment was conducted,  and obtained a set of changing 
profiles of the solid angle for each visible component and the spatial volume as 
the observation point moves along the route. 
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Results of measurement

Measured profiles of 
spatial volume

Measured profiles of 
component's visibility 
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So = 0.057 B 0.045 TB 0.060 TS 2.019 

Where  So  : Estimated value of ñoppressionò

B : the visible areas of buildings 

TB : the visible areas of trees that overlay buildings

0
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Discussion and conclusion
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The figure compares the average of the participants' ratings with the estimates obtained by the multiple regression equation 
ōŜƭƻǿΦ ¢ƘŜ ǇǊƻŦƛƭŜ ƻŦ ǘƘŜ ŜǎǘƛƳŀǘŜǎ ŀƭƻƴƎ ǘƘŜ ǘŜǎǘŜŘ ǊƻǳǘŜ ƛǎ ǿŜƭƭ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ƎŜƴŜǊŀƭ ǘŜƴŘŜƴŎȅ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ Ǌŀǘing.

From this study, it was found that the feeling of oppression 
can be roughly predicted by the amount of visibility of 
buildings and trees measured evenly from all directions. 
Furthermore,it is suggested that the impression received 
from a place generally depends not only on the visual 
information in the visual field at a certain moment.

Estimated value

Average value of ratings

Observation point (distance along the route from the start point)

TS : the visible areas of trees that overlay the sky


