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Abstract

The aim of this work is to identify optimum parameters for design of lighting for pedestrians to
meet their needs for interpersonal judgements, including luminance and SPD. This paper
discusses three factors that affect performance of a facial recognition task — the duration and
distance of observation and the task carried out — as these factors affect the interpretation of
the optimum luminance and whether or not the effect of lamp spectrum is significant. For SPD,
it appears that this matters if the task is difficult (e.g. limited observation duration): a better
SPD (for which the best parameter still needs to be defined) allows recognition at greater
distances. For luminance, this might be defined by the knee in the plateau-escarpment
relationship. A new study is presented that suggests a relationship between task difficulty and
facial recognition probability where task difficulty is defined as the product of observation
duration and luminance.
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1 Introduction

One basis for the provision of road lighting in residential areas is to enable interpersonal
judgements about other people - whether another person is likely to be friendly, indifferent or
aggressive, in time to make an appropriate response (Caminada & van Bommel 1980; Fotios
and Goodman, 2012). Analysis of the visual fixations of pedestrians using eye-tracking
provides confirmation that observation of other people is a critical task (Fotios et al, in press
(a)). Good road lighting should enhance the ability to make such judgements. This paper
discusses evidence as to whether the visual components of interpersonal judgements are
affected by lamp spectrum (SPD).

Several studies have investigated lamp spectrum and facial recognition but these lead to
mixed results, with some suggesting a significant effect (e.g. Knight, 2010) while others did
not (e.g. Rea et al, 2009). These data were reviewed by Lin and Fotios (2013), who
concluded that an effect of spectrum is expected when the task is difficult, e.g. when the task
is small (i.e. a distant person), when it observed for only a short time (e.g. <1000 ms), when
the face is unfamiliar and when vision is deteriorated by glare.

Many past studies have investigated lighting and facial recognition, but recognition is unlikely
to be the only, nor most essential, task concerning other people (Fotios & Raynham, 2011).
What may be more essential is the decision as to whether it is safe to approach another
person or whether they should be avoided: Willis et al (2011) found that faces exhibiting
angry expressions were less approachable than those with happy expressions, and similarly
for emotions conveyed by body posture. Approachability was defined as the willingness to
approach a stranger in a crowded street to ask for directions, which might be considered the
polar opposite of a judgement of threat intent and the resulting motivation to avoid.

Hence this paper examines experiments of facial recognition and facial expression under
different lighting conditions.
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2 Experimental Design

Table 1 presents a summary of the methods used in past studies. We suggest that several
factors may affect task difficulty; task, duration and distance (visual size of target), in
addition to luminance. There may also be an effect of glare as there is some evidence that
face luminance required for pedestrian visibility increases as equivalent veiling luminance
increases (Kohko et al, 2008) but that is not addressed in the current article.

2.1 Task

Two tasks that have been used in past facial recognition studies are identification (or, naming)
and matching (Figure 1). The identification task requires test participants to state the name of
the target person: of the tests listed in Table 1, all used photographs of celebrities. In the
matching task, test participants are required to match the target person with one of a small
sample of faces in a reference set.

Matching Task: Pick
the face from the
reference set (right)
that matches the
target face (left).

Identification Task: State
the identity of the target
face (left).

Figure 1 — lllustration of the matching and identification facial recognition tasks.

In the two studies using a matching task, mean recognition distances ranged from 12 metres
(Rea et al, 2009) to 24.9 metres (Boyce & Rea, 1990). Neither of these suggested the effect
of SPD to be significant. In three studies using an identification task mean recognition
distances were in the range of 5.4 metres to 8.45 metres (Knight & van Kemenade, 2006; Yao
et al, 2009; Knight, 2010): the target needed to be closer (i.e. of a larger visual size) to permit
correct identification than found in the matching task, suggesting identification to be the
more difficult task. Identification requires recollection of the name of a celebrity: whilst they
need to be well-known, they appear unexpectedly. One reason that the matching task is
easier is that prior inspection of the reference set raises familiarity with the faces. There is
some evidence for this in the study by Persike et al (2013) who found that familiar faces were
found more quickly than unfamiliar faces in a search task.

The matching task has a minimum performance above zero (e.g. a chance level of 10% if
there are ten faces in the reference set) while the identification task can be reduced to a
performance success of zero if the face is not correctly identified. However, recent work (see
below) suggests that this difference does not explain the better performance with the
matching task.
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Table 1 — Methods used in past studies of inter-personal judgements

Study Method Effect of Effect of
Task Type of target face Distance Duration | lightlevel | lamp SPD
Alferdinck et al., 2010 | Ratings of recognisability | Real person Set distances Unlimited Yes No
Boyce and Rea, 1990 | Matching Real person Stop-distance Unlimited Yes No
Fotios, Yang and Identify emotion Photographs of actors Set distances 1s Yes Yes
Cheal, 2013 conveyed portraying universally
recognised expressions
Knight and van State name of person Photographs of celebrities | Stop-distance Unlimited Not tested | Yes*
Kemenade, 2006
Knight, 2010 State name of person Photographs of celebrities | Stop-distance Unlimited Not tested | Yes*
Lin & Fotios, 2013 State name of person Photographs of celebrities | Set distances 1s, 3s Not tested | Yes
Lin & Fotios, 2013 Ratings of recognisability | Photographs of celebrities | Set distances Unlimited Not tested | Yes
Raynham and “Walk towards a person Real person Stop-distance Unlimited Yes Yes *
Saksvikrgnning, 2003 | until their face could be
recognised”

Rea, Bullough and Matching Real person Stop-distance Unlimited Not tested | No**
Akashi, 2009
Rombauts et al, 1989 | Ratings of recognisability | Real person Set distances Unlimited Yes Not tested
Yao, Sun and Lin, State name of person Photographs of celebrities | Stop-distance Unlimited Not tested | Yes*
2009

Note: (i) Matching = match target face with one from a samples of reference faces. (ii) Stop distance: this requires the test participant to walk
toward the target except for Boyce & Rea 1990 where the target walked towards the test participant. (iii) * In these studies there was a trend for
SPD to affect recognition distance but there is no statistical analysis of differences.
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An alternative task is to use ratings of recognisability (Alferdinck et al, 2010; Rombauts et al,
1989) in which the participant is instructed to make an assessment of the recognition of the
face of a target person along a bipolar rating scale (e.g. absolutely not recognisable to
completely recognisable). An advantage of this approach is that real people can be used as
targets, there being no need for celebrity faces as identification is not required.
Disadvantages are that ratings of recognisability are an unknown dimension, we do not know
how respondents use the scale, and this may lead to a large variance.

Fotios, Yang and Cheal (2013) sought evaluations of the emotion conveyed by facial
expressions. For faces there are six universally recognised expressions: anger, disgust, fear,
happiness, neutrality and sadness (Etcoff & Magee, 1992). Initially, they sought a direct
response as to whether the person was considered to be a threat, but these results were not
found to be consistent (Fotios & Yang, 2013). Hence, instead they sought identification of the
emotion conveyed.

2.2 Duration of observation

The majority of studies in Table 1 allowed an unlimited period of observation for the
evaluation. Table 2 shows the results of facial recognition tasks carried out for observation
durations of 0.1, 0.3, 1.0, 3.0 and 10.0 seconds using matching and identification tasks (see
below). Differences between the three longer durations (1.0, 3.0 and 10 s) do not appear to
be significant: performance with the two shorter durations are different from each other and
from the longer durations. Observation duration matters.

Table 2 — Proportion of correctly identified faces using matching and identification tasks for
different observation durations (see below). These data are for the luminance of 0.1 cd/m>.

Task Proportion of correct identification according to
observation duration (s)
0.1 0.3 1 3 10
Identification 0.05 0.15 0.32 0.47 0.56
Matching 0.42 0.55 0.68 0.85 0.94

Lin and Fotios (2013) repeated an identification task using two durations of observation,
1000ms and 3000ms. The mean distances at which correct identification of identity was first
found was slightly longer under 3 s observing duration than 1 s, suggesting the identification
task was more difficult with the shorter exposure time. In the 1000 ms trials there was an
effect of SPD, with significantly better task performance under Metal Halide lighting than
under LED or HPS lighting. At 3000 ms, the results did not suggest an effect of SPD. Thus,
the observation duration permitted in an experiment influences whether the an effect of SPD
is likely to be revealed.

Unlimited observation is not a realistic pedestrian experience. An estimate of the typical time
for which other people are centrally fixated was established by measuring fixation time in the
records of an eye tracking study (Fotios et al, in press (a)) and this suggested a median
fixation duration on other pedestrians of approximately 500 ms. Confirmation of this is found
in the study by Jovancevic-Misic and Hayhoe (2009): the first of their 48 laps of the oval
laboratory path best simulated real situations, i.e. before learning of the behaviour patterns of
target pedestrians had been gained, and for these laps the fixation duration was also
approximately 500 ms.

2.3 Distance

Past studies have used either a stop-distance method, or have sought judgements at one or
more fixed distances: neither approach considers the needs of pedestrians.

Those studies using matching and identification tasks have tended to use a stop-distance
procedure, in which the test participant walks towards a target face and stops at the distance
at which they are able to meet the task instruction. This distance is used as a measured of
lighting effectiveness - a greater recognition distance implies better lighting. There are several
problems with the stop-distance method. First consider that the cognitive decision to stop
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walking following recognition requires a change in gait. The stop-distance method is subject
to large errors because different targets and observers walk at different speeds and different
observes take different amounts of time to make up their mind. Lighting characteristics can
affect gait (Figueiro et al, 2011). Consequently, any delay in deciding that a face has been
recognised can have different consequences. A step towards overcoming this is to enforce
walking of a constant, slow velocity (Hayduk, 1978) but this does not appear to have been
done in past facial recognition studies.

Recognition judgements can also be sought at a series of fixed distances, from which to
interpolate lighting characteristics for a given decision criterion. While this was done in two
studies (Alferdinck et al, 2010; Lin & Fotios, 2013) it introduced further complications: in both
studies judgements were sought initially at the greatest distance with further judgements at
progressively shorter distances. Instead, distances should have been experienced in a
random order to offset learning effects, this exaggerated in one study (Alferdinck et al, 2010)
by repeated observation of the same target. An alternative approach, when using images as
targets rather than real faces, is to employ a constant observation distance but vary the size
of the photograph to simulate different interpersonal distances.

From past experiments we learn the distance at which a particular task was achieved. What
the results do not tell us is the distance at which interpersonal evaluations are desired by
pedestrians. This distance is important as it is likely to affect estimates of the optimum
luminance needed for task performance and whether or not there is a significant effect of
lamp SPD.

The implication of distance can be seen in the results of the experiment by Fotios et al (2013)
who sought the emotion conveyed by facial expression and body posture under three
luminances, two SPD, with three interpersonal distances simulated by target size. For a 4 m
distant target the optimum luminance for facial expression (as defined by transition in the
plateau-escarpment relationship) was approximately 0.1 cd/m?, while for the 10 m target it
would increase to over 1.0 cd/m? (Figure 2) Their evaluations of body posture suggested an
effect of SPD on emotion recognition for those cases are those in the middle of the luminance
and distance combinations - when the task was either relatively difficult (i.e. small size and
low luminance) or easy (i.e. large size and high luminance) then lamp type did not affect the
task.

An understanding of the distance at which interpersonal judgements are desirable would be
useful to inform interpretation of the optimum characteristics of lighting. Caminada and van
Bommel (1980) suggested a requirement to recognise the face of an approaching pedestrian
at a distance of 4 m, this apparently rounded from the border between the social and public
zones of personal space proposed by Hall (1969). Alternative classification of personal space
was reported by Cutting and Vishton (1995) who suggested three zones: personal space (up
to 2 m), action space (2 m to 30 m) and vista space (>30 m). The Cutting and Vishton (1995)
data are presented here to demonstrate that Hall's proposals are not definitive, and that
awareness of other classifications of personal space may have lead Caminada and van
Bommel towards an alternative minimum distance.

While two laboratory studies (Adams and Zuckerman, 1991; Fujiyama et al, 2005) have
attempted to measure interpersonal comfort distances we do not consider the data to be
credible. The results from Fujiyama et al suggest comfortable interpersonal distances that are
longer (4.0 to 5.2 m) than do the results from Adams and Zuckerman (0.53 to 1.2 m):this is
probably a stimulus range bias — the laboratory of larger physical size led to the larger
estimate of comfort distance. Further concern is that in laboratory studies the test participants
know they are being observed (Sundstrom and Altman, 1976) and are not subject to the
effects of reassurance (Fotios et al, in press (b)).

Townshend (1997) proposed a minimum comfort distance of 15 m from the results of an after-
dark field study in which members of the public were asked to estimate the distance at which
they would be comfortable about an approaching person or group of people.This estimate of
comfortable interpersonal distance compares well with the results of a pedestrian eye-tracking
study, in which 40 test participants walked a 900 m urban route in daytime and after dark
(Fotios et al, in press (a)). Within these records, 1538 pedestrians were visible, of whom 1128
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(73.3%) were fixated at least once. Figure 3 shows the median distance at which other
pedestrians were fixated, this being the median across the 40 test participants for each of the
four combinations of two route sections and two times of day (daytime and after-dark). These
data suggest a tendency to fixate upon other pedestrians in the range of approximately 6 m to
16m, with a mode of 10-12 m, and extreme values of up to 52 m.

(a) Facial expression

24

22

20
312 =2 =" —aHPS 4m
o 14 ;;;/ HPS 10m
I§1g S — +—HPS 15m

g e E L et =&~ MH4m

4 Ef{/ ------ = MH 10m

= | -4 MH 15m

0.01 0.10 1.00

Luminance (cd/m?)
(b) Body posture

16

14 I T any

12 o P
8 40 pes —=—HPS 10m
s - HPS 30m
g e —+—HPS 135m
L -E= MH10m

N MH 30m

: -2= MH 135m

0.01 0.10 1.00

Luminance (cd/m?)

Figure 2 — Median frequencies for correct identification of emotion from facial expression (a)
and body posture (b) (Fotios et al, 2013). The legends show lamp type (MH or HPS lamp) and
simulated target distance.

3 Experiment to investigate difficulty

There is evidence from past work that task difficulty is influenced by luminance, the duration
of observation, and the type of task. An experiment was carried out to further investigate this,
measuring facial recognition with two tasks (identification and matching), three luminances
(0.1,1.0 and 10.0 cd/mz), and five observation durations (0.1, 0.3, 1.0, 3.0 and 10 s).
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Figure 3 —Median frequency of distances at which other people were fixated whilst walking
outdoors. These data are for 40 test participants, walking two route sections in daytime and
after-dark (hence n=160). Note: the x-axis label of ‘8’ (for example) represents the upper limit of
distance, i.e. a bin 6<x<8 m.

Targets were photographs presented on a display screen. For the matching task these were
black and white photographs of 16 sculptures of heads. For each trial eight target faces,
chosen at random, were shown on one screen in a random order. A second screen
permanently displayed 10 reference faces, these including 7 of the 8 target faces and three
others. For the identification task, the targets were 15 colour photographs of the faces of well-
known stars in China, one photograph for each test condition, chosen from a set of 26,
including the including four males and four females as were used in a previous study (Lin &
Fotios, 2013). For the identification task there were no reference images.

The targets were displayed on a self-luminous screen (EIZO Color Edge CG241W, 24.1 inch
display), observed from a distance of 4.5 m with the test participant’s eye position fixed using
a chin rest. The target images were approximately 90 mm in height, and at the 4.5 m
observation distance this simulates a distance of approximately 10 m assuming a typical face
height of 200 mm. The digital display allowed accurate control of observation duration and
screen brightness rather than ambient light was used to vary target luminance. The matching
and identification tasks were carried out separately, with test participant samples of 38 and 20
respectively. Each test participant carried out 15 trials, one for each combination of luminance
and duration, and these were observed in a randomised order.

Table 3 presents results of the matching and identification tasks, these data being the
proportion of correct responses. Note that for the matching task, the data include responses
only for the seven faces for which there was a match in the reference set, and for these data
the minimum performance expected (chance level) is 0.1. It can be seen that performance
(correct identification) increases with higher luminances and longer durations, and that
performance for the matching task is better than for the identification task.
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Table 3 — Proportion of correct facial recognition achieved using matching and identification
tasks under 15 combinations of luminance and observation duration.

Luminance Proportion correct identification
(cd/m”)
Observation duration (s)

0.1 0.3 1 3 10
Matching task
0.1 0.42 0.55 0.68 0.85 0.94
1 0.82 0.91 1.00 1.00 1.00
10 0.73 0.94 1.00 1.00 1.00
Identification task
0.1 0.05 0.15 0.32 0.47 0.56
1 0.37 0.65 0.94 0.95 1.0
10 0.45 0.84 0.94 1.0 1.0

These data show clearly that the facial recognition taskis affected by both luminance and
duration. Consider that task difficulty is represented by the product of luminance and duration
(L*D). Figure 4 shows the relationship between the identification proportion and the
logarithmic scale of L*D for the matching and identification tasks. The best fit lines,
determined using a logistic fit, indicates that the product of luminance and duration provides a
good model for task performance (matching: R® = 0.86, naming: R®=0.87, n=15 for both).

Interpolation of Figure 4 permits estimates of optimum luminance to be made. First, assume
that the minimum probability of correct identification is set at 0.85, an estimate which requires
substantiation. The matching task and naming task require L*D values of 0.3 and 3.0
respectively. For the typical observation duration of 500 ms, these represent optimum
luminances of 0.6 cd/m? for the matching task and 6 cd/m? for the naming task.

Correct identification proportion / 1

@ Matching Task Naming Task

0.2 o > 0.1ed/m® v 0.1¢cd/m’

I 1cd/m?® 1cd/m®

004 A 10cd/m’ 4 10cd/m’
001 01 1 10 100

Luminance * Duration / s* cd/m’

Figure 4 — Relationship between correct identification proportion and product of target
luminance and observation duration for results of the matching and identification (naming)
tests carried out using targets at an equivalent distance of 10 m.

4 Conclusion

This paper has discussed the relationship between facial recognition and the distance,
duration and task of observation. These three factors have significant effect and thus
influence interpretation of the optimum luminance required and whether there is a significant
effect of SPD. A strong relationship between task difficulty and facial recognition probability
has been illustrated. If the task is difficult (longer observation distance and thus smaller visual
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size; brief observation duration; lower luminance; unfamiliar face) a better SPD allows better
recognition ability.

The aim of this work is to identify optimum parameters for design of lighting for pedestrians,
from the need of interpersonal judgements, including luminance and SPD. To achieve this, it
seems necessary to identify the observation distance and observation duration previously.
From the past experiments, we can get some evidence that pedestrians tend to observe
others at a distance in the region of 15m and with a duration of 500ms. For the factor of
specific task, it was alternative. On the premise of these values, the optimum luminance for a
particular correct recognition probability can be suggested according to Figure 4, resulting in
0.6cd/m? for the matching task and 6 cd/m? for the naming task.
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