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                                        ABSTRACT

     The authoc  et al. made  quantitative analysis of the loss caused  by glare in the luminance required  for

     identification of laces by fixing eyes  on  the lact that the i[luminance required  ior the identification of persons varies

     depending  upon  the value  of threshold increment (7V) studied  by Caminada and  van  Bommel. We  could  obtain

     the fo11owing results from the experiment  we  conducted  for the above-mentioned  quantitative analysis:  (1) The
     [uminance (illuminance) required  for identification of laoes is dependent upon  the sum  of 

ttequivalent
 background

     Iuminance +  equivalent  veiling luminance due to glare light," (2) Reduction of the glare (equivalent veiling

     luminance) caused  by luminaire can  minimize  the luminance (illuminance) required  for lace identification.

     KEYWORDSi  pedestrian, visibiiity, glare, equivalent  veiling luminance

1. Introduodon

 This study  is intended for achieving  better outdoor
luminous environment  where  glare and  obtrusive

lights can  be controlled,  with  reduced  consumption  of

energy,

 Lighting is installed on  roadways,  streets,  squares,

plazas, etc. to ensure  seeurity  of  people duTing the

nighttime. Key requirements  for the lighting include
sufficient  luminance to provide  identification of

approaching  persons  and  help assume  a  posture  of

escape,  if necessary.

 E. T. HallD shows  that  one  needs  the minimum

distance of  4 m  to detect approaching  persons  as

dangerous or  suspicious  and  take  the defensive
immediately. Based on  this theorM  Caminada  and  van

Bomme12)  examined  illuminance required  fbr
identification ofpersons  at  the  viewing  distance of  4 m
on  real  streets.  The  result  of  this study  suggested  that

a semicylindrical  illuminanee of  O.8 lx was  required

for the  case  of  threshold  increment (TI) of  8 to 15.
Using  their proposed  figure, the required  illuminance

is estimated  at  about  O.6 lx fbr the  case  where  TI is
less than 2. This value  suggests  that  identifications of

persons  are  affbcted  by glare and  that therefore,
semicylindrical  illuminance must  be increased by
about  O,2 lx as  compaTed  with  the  condition  without

glare. Nevertheless, Caminada  and  van  Bemmel  did
not  deepen the affect  of  glare on  identification of

persons.

 Kawakami3), on  the other  hand, conducted

experiments  in a  laboTatory environment  without

glare, showing  the relationship  between  background

luminance and  the lummance  required  for
identification of persons, One  ef  his conclusions,  for
example,  shows  that in order  that observers  can  

"be

barely identifiable the  facial expression  of  an

individual" standing  at  a  viewing  distance of  5 m,  a

luminance of  approximately  O.23 cd/m2  (2.4 lx) is
required  under  the cendition  ofbackground  luminance
of  O.1 cd/m2  or  less, Likewise, Miyamae,  et  al.4)  made

experiments  on  identification ofpersons  using  images,
showing  that  a  vertical  illuminance  of  about  2 lx or

more  is required  so  that  it is possible for observers  to
"identify

 who  person  is (an acquaintance  or  not)"  at  a

viewing  distance of  5 m.  These studies,  however, did
not  take  into considieration  the effect  of  glare on

identificationofpersons.

 As above,  therefbre, this author,  et  al.  conducted  an

experiment  on  indoor face visibility  in order  to obtain

quantification  of  the degree of  loss caused  by  glare in

the luminance required  for identification of  persons,
through  measurements  of  glare expressed  in values  of

equivalent  veiling  luminance. This report  describes
the overview  of  the  experimental  study  we  conducted.

2. Methodofexperiment

 The  method  of  experiment  was  that, using

background luminance and  equivalent  veiling

luminanee as  parameters, observers  eontrolled

illuminance  of  the face so  that  they  could  identify the
face of  test target.

2.1 Experimentalsetting
 The  author,  et  al.  prepared  an  experimental  setup  as
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shown  in Figure 1 and  Figure 2, in a  dark room  in
which  inter'reflections can  be ignored. Blackout
curtains  or  matt  papers equivalent  to N4.5 (Munsell
value)  was  used  on  the background, and  2 units  of  40W

fluorescent Iamps (5000K) were  installed so  that

luminance distributions as  uniform  as  possible can  be
obtained.  In addition,  luminance values  were  controlled

by means  of  dimming of  light sources  and  change  of

background  surface.  Gray  matt  cloths  (equivalent to

N3) were  placed on  the floor. Reflector lamps (5900K)
were  used  as  light sources  for making  glare (equivalent
veiling  luminance) and  lighting the face. The  light
sources  for glare were  installed in the direction of  the

angle  of  elevation  8.5 deg. from the  eye  of  obseTvers,

This  was  based on  the assumption  the luminaries
were  usually  installed at  a  height of  4.5 m  from the

ground level and  at  a  distance of  20 m  ahead.

2.2 Tbsttargetandpresentedconditions

 14 different conditions  for test target  (fu11-size
dummy),  as  shown  in Table 1, were  presented using
the  above'mentioned  parameters,  i.e., backgTound
luminance and  equivalent  veiling  luminance (glaTe),
The  reflectance  of  cheeks  of  the  test target was  30%.

2.3 Methodofassessment

 Evaluation items were  set up  according  to the visibility
of  faces required  for ensuring  nighttime  securitM  which

were  based on  the identification of  tlie positions of  the

elements  of  face, i.e., eyes,  nose  and  mouth.  This idea is
based on  the study  of  Okuda,  et  al.5), assuming  that

visibility of  face is explained  as  per Table 2.
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 In our  evaluation  experiment,  observers  were  first
told that  the evaluation  items for visibility  of  faees
were  as  listed in Table 2, and  the fo11owing instruetion
was  given  to them:

<Instruction>

 Suppose that  you  are  walking  along  a

strange  street.  And  adjust  the light to the

lighting level at  which  you  can  identify the

positions of  eyes,  nose  and  mouth  of  the person

(dummy) standing  ahead.  Adjust the  light two
ways  in accordance  with  the instruction to be

given: gradually  inerease light from the lights'
out  condition  and  gradually  dim  light from the

sufficiently  bright condition.

lable ri Test farget
Unit:cdlm2

No.
Background
luminance

Equivalentveiling

luminance

1 O,3 o.ori

2 O.3 O.03

3 O.3 O.d

4 O,3 O,3

5 O,3 1,O

6 1.0 O.075

7 1,O O.1

8 1.0 O,3

9 1.0 1.0

10 1.0 3,O

1ri 3.0 O,1

12 3.0 O,3
13 3.0 1.0

14 3.0 3.0

lable 2Order  of Evaluation ltems for Visibility of Faces

RankMea$ureforvisibilityMeasureforvisibilityof

ofentireface facialelements
Low Lineofsight

Eyebrowshape

Expression
EyeshapeOpen/dosedeye
Mouthshape
OpenlclosedmouthLEyebrowposition

lndMdual
Eyeposition

identification
Mouthpesition

Noseposition

Earposition

High Sex Hairstyle,Hairlength
lndividual diffe rence] With or without  glasses;
       Bald-headed or with  hair
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fable3  Observers

TwentiesThirtiesFourtiesFffthiesTota1

Male 7 1 2 o 10

Female 4 2 o o 6

Total dd 3 2 o 16

 Next, they  were  adapted  to a  given  background
luminance for 10 minutes  and  had  exercises  three

times  before starting  the experiment.  During  the

experiment,  the luminance of  the  test target  face (at a
visual  angle  of  1 deg.) and  the equivalent  veiling

luminance were  measured  from each  observer"s  eye

position at  the time  when  he/she  
"identified

 the

positions of  eyes,  nose  and  mouth  of  the dummy"
under  each  of  the presented  eonditions  mentioned

above.  In addition,  the equivalent  veiling  luminance
was  measured  with  a luminance meter  that installed
a  glare lens. It included background  and  Iight source.
The 14 different types  of test targets (see Table 1)

were  exhibited  at  random  to each  observer  at  an

obseTvation  distance of  4 m.

2.4 Observers

 A  total of  16 observers  as  listed in Table  3 took  part
in the experiment,

3. Results
 The  resulting  data were  confirmed  to be evaluated

based on  average  values  because there weTe  no

particular singular  evaluation  data among  observers

and  the evaluation  data are  distributed normally  (The
standard  deviation was  from O,06 to O.37.). Next,
using  Welch's t test as  the measure,  we  ehecked  and

verified  that  there  was  no  vaTiance  due to the
difference in the order  of  lighting adjustment

(between the eases  wheTe  light is gradually increased
from the lights"out condition  and  where  light is

gradually dimmed  from the sufficiently  bright
condition).  Based  on  these verifieations,  we  made  an

analysis  of  the experimental  data using  the average  of

all the  observers.

 The average  expeTimenta!  values  used  here refer  to

the level of  visibility  at  which  observers  identified the

positions of  eyes,  nose  and  mouth  of  the dummy,
which  is hereafter called  the 

"required

 face
luminance."

 We  depicted the relationship  between  the required

face luminance values  and  average  values  of  the

measured  equivalent  veiling  luminance  regarding  the

background  luminance as  parameter  (Figure 3), This
figure shows  that  equivalent  veiling  luminanee
changes  150-fold while  the required  face luminanee
changes  10'fold.
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 Then, the following can  be concluded  from the

experimental  results:

(1)The required  face luminance increases  as

  equivalent  veiling  luminance (glare) increases.
(2)The effects  of  both background  luminance and

  equivalent  veiling  luminance must  be coajointly

  take.n into account  in the analysis  to estimate  the

  possibility of  face visibility  in the aetual

  environment.

4. Discussion
4.1 Relationship of  required  face 1uminance with

     background luminance and  with equivalent

     veiling1uminance

 The  background  luminance in the  experimental

environment  is controlled  as  a relatively  uniform

luminance distribution. The  actual  lighted
environment  during the night,  however, is very

complicated,  and  the level of  uniformed  baekground
luminance that  would  be expected  to coTrespond  to the

luminance  distribution of  a particular night  is
unknown.  We  think  that  background  luminance,
equivalent  veiling  luminance by background
luminance and  equivalent  veiling  luminance by glare
influence the required  face luminance.
 However,  measured  equivalent  veiling  luminance is
a  superimposed  value  of  equivalent  veiling  luminance
by background luminance and  equivalent  veiling

luminance by glare. This study  aims  fbr getting
knowledge on  how  much  the equivalent  veiling

luminance  by glare influence on  identification of  a

face. We  tried to separate  eaeh  influence  of

background  luminance, equivalent  veiling  luminance
by background luminance and  equivalent  veiling

luminance by glare. Equivalent veiling  luminance by

glare can  be easily  calculated  by subtracting  the

equivalent  veiling  luminance  without  glare from
measured  equivalent  veiling  luminance. The

equivalent  veiling  luminance without  glare used  the

equivalent  veiling  luminance  of  environment6)  which

we  caleulated  from an  image, Background  luminance
can  be calculated  by convolution  of  N'filter into a

luminance  distribution image. This idea is results  of

research  of  Dz  Nakamura7).

 The  filter was  designed to represent  the contrast  of

luminance between  visual  targets and  background
which  has intricate luminance distributions. This
contrast  of  luminance can  be calculated  by convolution

of  N'filter into a  luminance distribution image. In
other  words,  it refers  to a  method  that  expresses  a

eomplicated  background  luminance distribution
surrounding  a  visual target as  a  single  value  of

background  luminance (hereafter called  the
C`equivalent

 background  luminance").

7Vie nlum inating Engineering lhstitute of'.Jbpan
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 We  considered  the  area  of  the  face to be one  unit                                           ,

and  calculated  the average  luminance of this area

(Lface) and  the contrast  of  face and  gurrounding  (C),
and  led equivalent  background  luminance  (Leb) as

fo11ows.

Leb:[=Lface/C

 All images consisted  of  1280 × 960 pixels, and  53.4
degrees in field angle.  And  they  had range  from O.05
to 2000  edlm2.

 In adaition,  the  luminance by glare was  excluded

from calculation  of  Leb.  Because  it had  exceeded  the

measurement  upper  Iimit. Therefore, luminance of

glare source  is not  included in equivalent  background
luminance.

 The  results  of  our  experiment  are  shown  in Figure 4,

in which  the values  of  
"equivalent

 baekground
luminance +  equivalent  veiling  luminance due to glare
light" are  laid out  along  the  axis  of  abscissas,  and  the

required  face luminance values,  along  the axis  of

T7zeMuminating  Engineering bxstitute of,Jtu)an
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ordinates.  As  can  be seen  in the figure, it was  revealed

that  there  is a  significant  correlation  (R2 =  O.995)

between  the required  face luminance and  the
"equivalent

 background luminance +  equivalent

veiling  luminance due to glare light," as  defined by
Expression (1) below:

Lf=O.275<LbTL.e+O,111  ･･････････････････････････････(1)

where

  Lf : Required face luminance (cdlm2)
  Lb' : Equivalent background  luminance (cdfm2)
  Le4 : Equivalent veiling  luminance (cdlm2)

 This figure indicates better correlation  than  that in
the previous  chaTt.

 Hence, the author,  et  al., hold that the required  face
luminance can  be estimated  by superposing

equivalent  veiling  luminance over  the equivalent

background  }uminance calculated  using  N'filter under
our  experimental  conditions.

4.2 Relationghip between  visibMty of  faces and

    spatial  distributions of  luminous  intensity in
    luminaires

 The  luminance required  for identification of  faces is
affbcted  by the glare (equivalent veiling  luminance)
caused  by luminaires. We  cempare  the identifications
of  faces using  two  types  of  luminaries in order  to
consider  better spatial  distributions of  luminous
intensity from luminaries  (see Figure  5 and  Figure6),

  Luminaire A  (Figure 5) is an  example  with  reduced

glare, and  Luminaire B (Figure 6) is an  example  with

uncontrolled  glaTe. Suppose that these  luminaires are
installed undeT  the conditions  shown  in Table 4. The
results  of  road  surface  illuminance as  well  as

semicylindrical  illuminance at  the height of

pedestrian's  eye  (1.5 m),  obtained  under  the

aforementioned  conditions  are  graphically  depicted in
Figures  7, 8, 9 and  10. Shown  in Figure 11, on  the

other  hand, are  the  data of  equivalent  veiling

!uminance calculated  at  the height of  pedestrian's  eye

in the longitudinal center  of  road.  Averages of  the

respective  illuminanee and  luminance values  are

summarized  in Table 5.

 Next,  we  will  analyze  difTerence in visibility  as  may

be caused  by the difference of  spatial  distribution of

luminous intensity This analysis  is made  supposing

the positional  relation  as  shown  in Figure 12: the
observer  stands  face to face with  the visual  target
(face) at  a  distance of  4 m  in the  longitudinal center
zone  (20-m long) of  long road,  along  whieh  luminaires
are  continuously  equipped,  An  equivalent  background
luminance of  1 cdfm2  is supposed  for this situation.
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lable 4

Iuminousintensity for

InstallationConditions

(FigLuminaireA,5)

LuminaireB

(Fig.6)
Widthofroad(m) 4.0

Spacingintheinsta11ation(m)20(Continuouslighting)

Mountingheight(m) 5.0

Lamp(Luminousflux)
Compactfluorescentlamp,

32W(2900lm)

leble 5Averages  Vblues of 111uminance and  Luminance

LuminaireALuminaireB

(Fig.5) (Fig.6)
Roadsurfaceilluminance

(Averageva]uefor20-mlong6.2lx 4.0lx

sectionof4-mwideroad)

Semicylindricalilluminance

(Averagevaluefor20-m[ong
sectionof4-mwideroad'ati

3.1Ix 2.7lx

aheightof1,5m)

Equivalentveilingluminance

(Averagevaluefor20-mlong
longitudinalcenterzoneofO.d75cdlm2O･486cdlm2

road).Note/The

 above  illuminance

    maintenance  factor of O.7.values

 arecalculatedbased  on  the
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  Figure 9 Horizontal illuminance distribution (Luminaire B)
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  The  luminance  required  fbr identification of persons
is estimated  using  Expression (1) based on  the sum  of

the equivalent  veiling  luminance (Figure 11) and  the

equivalent  background luminance (1 cdfm2).  The  value

obtained  from  Expression (1) is then  converted8)  into a
value  of  semicylindrical  illuminance using  Expression
(2) below.The resulting  illuminance value  is hereafter
called  the 

"semicylindrical

 illuminance  required  for
identificationofpersons."

Melz'Lt/p  
'-''''''''''''''''''''''''''''''''"'''''''

  where

    Me  i Sernicylindrical illuminance (lx)
    Lf :Face  luminance  (cd/m2)
    p  :Reflectance  offace

(2)

 Figure 13 graphically  depicts the semicylindrical

illuminance required  for identification of  faces in
relation  with  the same  that  can  be obtained  from
Luminaire  A  or  Luminaire  B. It indicates that an

individual  face ean  be identified if the ratio  is 1.0 or

higher.

 The figure shows  that  Luminaire A  allow

identification of  individual faces within  a  section  of

12m  (60%) of  the total 20-m  long zone  of  road,  and

Luminaire  B, within  a section  of  8 m  (40%) of  the

same  total zone  of  road,  Luminaire  A  showed  a

slightly  higheT value  than  that  for Luminaire  B  with

respect  to the mean  of  semicylindrieal  illuminance for
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the 20'm  long zone  of road.  Nonetheless, Luminaire
A  provided  20%  longeT area  in terms  of  the possibility
of  face identification as  compared  with  Luminaire B.
This suggests  that  there is a  difference in glare
(equivalent veiling  luminance) between the two

luminaires. Although  Luminaire B  is designed to

provide  strong  luminous intensities in the high
vertical  angle  (horizontally) so  that high
semicylindrical  illuminance  reaches  far awaM  those

horizontal lights end  with  adverse  effects  in that  it
increases glare (equivalent veiling  Iuminance),
adversely  affecting  the visibility  of  faces.
 Hence, it is recommended  that  good  luminaires have
spatial  distribution of  luminous intensity with

sufficiently  controllable  horizontal lights.

4.3 Examinationofenergylosscausedbyglare
  In this section  we  intend to convert  the decrease of
visibility of  faces due to glare into electrie  energy  loss,
using  the average  values  of  semicylindrical  illuminance
and  equivalent  veiling  luminance for the 20'm  long
zone  of road.  For this purpose,  it is supposed  that
Luminaires A  and  B  are  installed under  the  conditions

identical to those  used  in 4.2 (see Table 4).
  First, difference in the required  semicylindrical

Muminance  between  the two  luminaires due to the

variance  of  glare (equivalent veiling  luminance) is
calculated.

  Using the average  equivalent  veiling  }uminance for
the 20'm  long zone  of  road  and  the supposed

equivalent  background  luminance (1 cdfm2),  the

average  semicylindrical  illuminance  value  is obtained

from Expression (2). The resulting  diffbrence between
the two luminaires is O.89 lx (semieylindrical
illuminance), as  shown  in Table 6.

 In order  to obtain  the  same  level of  visibility of  faces
on  Luminaire  A  and  Luminaire  B, design of  the latter
must  allow  its semicylindrieal  illuminance  to be
increased at  least O.89 lx (Because equivalent  veiling

Iuminanee increases by raising  semicylindrical

illuminanee  to O.89}ux, a  further illuminance  increase

to the inerement of  equivalent  veiling  luminanee is
also  needed.)  or more,  that  is, Luminaire  B should

have average  semicylindrical  illuminance of  3.59 lx (=
2.7 lx +  O,89  lx) for the 20-m  long zone  of  road.

Hence, the lamp  of  Luminaire  B  requires  luminous
flux of  3,850  lm  (an increase  of  about  950  lm  from the

Tated  luminous flux), which  is equivalent.to

approximately  10W  when  converted  into wattage  of  a
                           '
eompact  fluoreseent lamp.
 As above,  therefore, it can  be said  that  Luminaire  B
is wasting  electric  energy  of  about  at  least 10W  due to

glare as  compared  with  Luminaire  A.
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lable6Energy  Loss Caused  by GIare

LuminaireA(Fig,5)LuminaireB(Fig-6)

Luminousfluxofa32-Wcompactfiuorescentlamp{Im) 2900
Semicylindricalilluminance(ix)

(ataheightofd.5m;averagevalue)
3.1 2.7

Equivalentveilingluminance(cdlm2)

(ataheightof1,5minthecenterzoneofroad;average
valueforalengthof20m)

O,d75 O.486

Semicylindricaiiiluminancerequiredforidentificationof

faceswhentheaboveequivalentveiiingIuminancei$

present(GivenanequivalentbackgroundIuminanceoflcdlm2)
4.55 5.44

Differencebetweentheabovevalues(lx) O.89

111uminancetoobtainequivalentvisibilityoffaces(lx) 3.1 2.7+O.89

Requiredluminousfluxoflamp(fim) 2900 3850
RequiredlampwattageOtV) 32 42

Differencebetweentheaboveva[ues(W) 10

5. Conclugion

 The  author,  et  al.  made  quantitative  analysis  of  the

loss caused  by glare in the luminance required  for
identification of  faces by fixing eyes  on  the fact that
the illuminance required  for the  identification of

persons varies  depending upon  the  value  of  threshold

increment (77) studied  by Caminada and  van  Bommel.

 We  could  obtain  the following results  from the

experiment  we  conducted  for the above'mentioned

quantitative analysis:
(1)The luminance  (illuminance) required  for

  identification of  faces is dependent upon  the sum  of

  
"equivalent

 baekground  luminance +  equivalent

  veiling  luminance  due to glare light".

(2)Reduction of  the  glare (equivalent veiling

  luminance) caused  by luminaiTe can  minimize  the

  luminance (illuminance) required  for face
  identification,

  The  result  of  our  study  indicates that  the reduction

  of  equivalent  veiling  Iuminance of  O.1 cdfm2  can  cut

  the required  luminanee by O.028 ed/m2  (O.28 lx)

  given an  equivalent  background  luminance  at a

  level of  1 cd/m2.

(3)We also  examined  the decrease of  face visibility

  due to glare in terms  of  eleetric  energy  loss. In case

  of  the  use  of  a  32'W  compact  fluorescent lamp,

  Luminaire  B, designed with  uncontrolled  glare, is

  wasting  eleetric  energy  of  about  10W  due to its

  glare as  compared  with  Luminaire A.
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