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                                        ABSTRACT

    Television images  becx)me to be used  for various  fields as  security  observation  in addition to

   broadcasting. It wi11 be useful  to install a  camera  system  for security in order  to obtain  
"restrajnt

 of  a

   crime"  and  
"criminal

 information". In particuiar, it is demanded  to obtain 
`Lface

 di$crimination" as  criminai

   information. However, on  an  outdoor  situation  in the nighttimes  there are  many  dirnculties to obiain the

   
"iace

 discrimination" images by CCD  camera.  It is important how to establish lighting conditions  to obiain

   videcFmonitored  images, The  lighting conditions are  prepared by diversely modelled  visual  targets based
                                                                                  

t,face

   on  Cuttle's modelling  evaluation  experiments  as  referenoe  and  evajuating  the level of

   discrimination" on  the  monitor.  We  discussed descriptive method  for modelling  effect  using  the

   iltuminance as  parameter.

   KEYWORDS:  modeling,  CCD  camera,  security

1. lnmiuedon

  With the spread  of  CCD  cameras,  today,  video
images  are  in regular  use  not  only  for telecasting

but also for security  monitoring  and  various  other

purposes. In the security  field, particularly, while

more  or  less satisfactory  video images can  be

obtained  fbom CCD  cameras  (Charge Coupled
Deviee cameras)  under  the  interior lighting

conditions.  In general  interior lighting provides  no

marked  directionality of  dght, and  consequently,  the
unifomity  ratio  of  Muminanee  is high. Images

taken ourdoors,  especially  during the  night,  are

often  unsatisfactory  in terms  ofphysiognomy,  i.e., in

the interest of dis(]rimination of  facial features.

This is because facial images are  harshly shaded

due to nighr time ourdoor  lighring eondition  where

lumiriance contrast  is normally  very  clear  and

usually  invokes  marked  directionality of  light.

  (lenerally speaking,  it is believed that  whether  we

can  distinguish a  clear  figure or  not  on  a  video
image  depends 1argely on  the  camera's  sensitivity,

exposure  and  the luminance  distribution on  the
subject.  In addition  it is also noted  that  whether

facial features can  be distinguished or  not  has a  lot
to do with  the shades  produced  on  a  video-recorded

face by the directionality of light (Mumination
vector).  Actually, however, the  minimum

illuminance is the  only  lighting condition  normally

indicated in the  specifications  of  video  cameras.

Establislment of  a  method  to permit  quantitative
evaluation  of  the efibct  of  shades  on  the  video-

recorded  face images  is therefore  expected.

  On  the other  hand, the past researches  on  the
discrimination of  face or  facial features include the

face modeling  evaluation  by Cuttlei) using  the  ratio

of  Mumination vector  to scalar  Muminance; and  the

facial leok in relation  to Muininance  level of  the
street  and  security  lighting by  Mlyamae  and

Takeuchi2). P. Rombauts,  et  al.ep defined the
mmimum  value  of  the semi-cylmdrical  diuminanee
required  for face discrimination in residential  areas,

examining,  at  the same  time, modeling  evaluation

using  the ratio  of  vertical  Muminance  to semi-

cylindrical  Muminance.
  These reports  have provided  knowledge  and

information of  vital importance for further study  of

researchers  on  face discrimination and  can  also  be
used  for the  evaluation  of  monitored  images.
Ndtwitlistanding, however, they have not  defuiitely
shown  the relationship  between  modelmg  evaluation

and  monitored  images, in particular, that between
modeling  evaluation  and  

"face
 discrimination." We

think a  proper  description of  this relationship,  if

possible, wM  contribute  to the  design of  security

lighting above  all.

  With the above  in mind,  we  have  decided to study

lighting conditions  for obtnining  monitored  images
that wM  pemit  

"faoe
 discrimination" following the

steps  below:
(1) Evaluate the  level of  

"face
 discrimination" on

     the  monitor  by preparing diversely modeled

     visual targets  based on  Cuttle's modelmg

     evaluation  experiments  as  reference.

(2) Examine  the descriptive method  for the

     modeling  on  the  basis ofthe  above  evaluation

     results.
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2. Preparationofvisualtargets
2.I Image  producing  condition  and  lighting
    insta]lation

  In order  to prepare  visual  targets having different
Mumination  vector  azimuths  and  altitudes  and

different ratios  of  Mumination vector  to scalar

illuminance, a  lighting installation as  shown  in Fig.
1 was  installed in a  dark  room  which  permits
interreflection to be ignored.

  The  room  approximated  a  two"meter eube  (2.0m
wide  × 2.0m  long × 2.0m  high), with an  ineandescent

refiector  lamp  (500 W, 5,900 K) set  up  inside to
create  a  vector  Mumination  component.  In addition
a  cubically  assembled  set  of  three band radiation

fiuoresoent lamps  (40 W,  5,OOO K) were  installed to

produce  scalar  illuminance values.  The  entire  room

was  blacked out  with  a  curtain.  At its center,  a  face
a  figure patterned  after  a  person was  set  as  a  visual
target. An  opening  (O.7 m  × 1.2 m)  was  provided
in the  front panel  for image  taking  and  luminance
measurements,  and  another  (1.4 m  × 1.2 m)  in the
back panel.  This back opening  together  with  a

blackout curtain  set  3.5 metres  behind the  opening

enabled  us  to eliminate  and  therefore  disregard

possible effbcts  of  fluctuations in Mumination  vector

and  scalar  Muminance  on  the  background
luminance.

2.2 Conditions used  for dbtaining visual  target

   images  by digital st ill camera

  A  digital stil1  camera  (1.3 megapixels)  having CCD
elements  built'in was  used  to obtain  visual  target
images. Fig.2 shows  the  correlation  between
luminance and  gray'ecale  for the  camera  which  was

used  obtaining  images. Iighting conditions  were  as

follows: Mumination  vector  was  subjected  to
variables  of  O, 30, 60 and  90 degrees in altitude (a)
and  to variables  of  O, 30, 60, 90 and  120 degrees in
azimuth(di).  At  the same  time, the  incandescent
reflector  lamp used  for the photograph  and  the  lit
fluorescent lamps  were  adjusted  so  that  different
ratios  (O, 1.5, 2.5, 3.3 and  4.0) of  Mumination  vector

to scalar  Muminance  can  be obtained.
  The  camera  exposure  was  set  at  90 degrees of

Mumination vector  azimuth,  a  fixed ratio  of

ruuinination vector  to scalar  Muminance  and  also  at

a  fixed angle  of  view  of  the  face image  (Fig. 3) so
that only  the difference in the  shades  caused  by  the

variation  in the  Mumination  vector  and  scalar

Muminance  could  be picked up.

  Regarding the  correct  exposure,  EV+1  and  EV'1,
these  three types of  images  were  obtained  by
changing  only  the Mumination  vector  altitude and

azimuth.
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Z3  Sizeofvisualtargets
  The  discrimination of  face or  facial features also

depends upon  the angle  of  view of  the face appearing
on  the image  and  the observation  distance.

  Reduced  scale  of  a  video-monitored person  is

generally expressed  using  the size  of  height as  a

person for angle  of  view, for example,  wording  such

as  
"Scale

 is deemed  to be 1oo%  (Fig.4) where  the

monitor  diSplay and  the person  monitored  have  the

same  height". The  nK)st  common  reduced  scale  is
between  50%  and  67%  for monitoring  a  scene  of

surroundmgs  and  human  presence.  And  a]so  100%
image  is used  discriminating the  1ooks, appearance
and  manner  of  the  monitored  person,  and  used  200%
images for discriminating physiognomy  of  the

monitored  person.

  As  stated  above,  estimates  are  that  video monitors
are  normally  working  on  a  reduction  scale  of  50%  to

67%.  Accordingly, we  set  the  size  of  the  face

appearing in the visual targets to be presented  to

experiment  participants, bo a  reduced  scale

equivalent  to 67%.

3. Evaluationexpeimntfordimbation
3.1 Evaluation categories  and  the instructions

   given
  Five evaluation  categories  CI]able 1) were

established  aeeordmg  to the  level of  face
discrimination. The following instructions and  Fig. 5
as  well  as  the explanation  about  the difference
between  

"Softness
 and  Harshness  of  shades  on

human  faces" and  
`Bright

 and  Dim  images" were

given to tbose who  took part in the discrimination
expenment:

<Instruction>

Table 1Evekvation mu.

Thelevelof''''onofafaoe

1
Shadesaretooharsih,theaulineon

humantlsc)esandtlicialtimiresare-

almostimibleto
Shadesareharskthe(xulineen

2hmnfaoesandllicialidatutesare
bare

'le

3

ShadesareIrrdmed.thecNJtlineon
humanfaceandilicialfeaturescanbe

.clcar

4
ShadesaresofL,theoutlineonhmm

flK)esandfacialfdaturesareharely
'e

5
Shadesaretoosoftthecutlineen

humantltoesandtltcialimesare
almostimibletoua

Suppose that you  are  requested  to discriminate the
fac ial features of  the  criminal  suspect  monitored  by
a  security  camera.  Various images of  a  person's  face
are  coming  on  the  monitor  screens,  so  evaluate  the

level of  discrimination of  the individual appearing
on  the screens  based on  the following five
cate  ories.

Figr5The im  between 
"Sofuvess

 and  Horshness of
siiades on  kwnari fboes" erKS 

"emgtrt
 and  Dim itnages".
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3.2 Evaluationcondition

  The visual  targets  were  presented on  two  mpes of

monitors:  17-inch CRrl] monitor  (MITSUBISHI
Diamondtron RD17GII) and  17-inch  TF"r liquid

crystal  color  monitor  (PROTON RD170C).  As  to the

surroundings  condition,  the value  of  Murninance

was  set  at  500ix on  the  desktop, and  250ix  on  the

monitor  screen.  An  achromatic  color  was  used  for

the  inside walls  of  the  room  so  that  the efllect of

colored  reflected  light from  the surroundmgs  was

negligible  and  the light source  is not  reflected  to the

screens.  Five measurements  of  the luminance at

the center  of  each  monitor  screen  were  condu6ted  at

1 degree of  visual  angle  and  from 1 meter  of  distance

while  the  visual  targets were  shown  on  the screen,

under  the  conditions  of  all white  display and  all

black display. The  average  brightness was  92 cdfm2

and  3.3 cdlm2,  respectively,  for the  CRrl] monitor,

and  115  cdim2  and  2.8 cdrm2,  respectively,  for the

liquid crystal  monitor.

3.3 Presentationofvisualtargets
  A  total of  twenty-seven subjects  having normal

visual  acuity  after  correction  Crahle 2) was  grouped

into six, and  the same  visual targets were  presented

on  the CRrl] monitor  and  TFT  liquid crystal  monitor

once  each.  After deciding the order  of  presentatson

using  a  table of  random  numbers,  first, 8 cubs  were

shown  to give  the observers  exercise,  followed by the

Table2 Configtnationofstkijecta

Sex( 20's30's40's50'sTctal

Male 5 10 3 4 za

Female 2 3 o e 5

Tdnl 7 13 3 4 27

Ttit"e3 Distarx)ebetweerievalrationmos

lntervalseale[[he1eyelofdiscrirninati(mofafboe

1.oo

Shadesaretooim,theaitlineon

humanfaoesandilicialfeaturesare'

almostimibleto

2.M
bare

Shadesareharsli,theoutlineon
humanflioesandtl}cialiimiresare

izaljle

3.oo
Shadesarepretined,theoutlineori

humanfaoeandfacialldaturescanbe
.clear

4.81

Shadesaresoftthe(xulineonhurnan
faoesandtlicialfeaturesarebately

.le

8.61

Shadesaretoosofttheoutlineon

humanfaoesandfacialflrmresare'

ahnostimibleto
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showing  ofa  total of  124 cuts  at interva]s of5  seoonds  of

presentation and  5 seconds  of pause. [[[he observers  had

to give ovaluabon  during each  pause  of5 se(x)rids.

4. Results

  The  experimental  results  showed  a  normal

distribution of  almost  all, the  data obtained  from  27

subjects  for each  of  124 cuts  presented on  CRT  and

TFT  liquid crystal  monitors,  except  those obtained

from 2 subjecbs.  For reporting  the  detailed results  in

this section,  results  from  these  2 subjects  were  once

each.  After deciding the order  of  presentation

using  a  table of  random  numbers,  first, 8 cuts  were

shown  to give the observers  exercise,  followed by the

showing  of  a  total of  124 cuts  at  intervals of  5

seconds  of  presentation  and  5 seconds  of  pause.
The  observers  had  to give  evaluation  during each

pause  of  5 seconds.
  excluded  from  the  data reduction.

4.1 Category-to-categorydistance
  The  evaluation  categories  CI]able 1) were

corrverted
 into interval scales  by the  method  of

successive  categoriesbl6).  Tahle 3 shows  the  interval

scales  where  scale  1.00 represents  an  image  in

which  
"
 Shades are  too harsh, the outline  on  human

faces and  facial features are  alrnost  impossible to

recognize,"  and  scale  3.00, the one  in which  
"

 Shades

are  preferred, the outline  on  human  face and  facia1

features can  be recognized  clearly."

4.2 Mfference in the  evaluation  results  due to  the

    type of  monitor

  To verifY  possible difference in the  evaluation

                                         (CRTresults  accordmg  to the  type  of  monitor  used

and  liquid crystal  monitors),  the mean  value  was

                                        on  the
calculated  for each  visual  target  based

interval ecale  obtained  by the method  of  successive

categories  as  described above.  Fig. 6 shows  the

                                         chart,                                     the
mean  value  of  each  visual  target. In
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the mean  values  from the evaluation  results  on  the

CRT  monitor  are  plotted  in cross  axis,  and  those

from the evaluation  results  on  the  liquid crystal

monitor  in vertical  axis.  TIie resultant  determinant
coefficient  of  correlation  was  O.97. [Fhen, we

conducted  the  significance  test whether  or  not  there

is a signMcant  difference between  the  evaluation

results  from the two  monitors  using  the population

mean  difference. No  signMcant  difference was

shown.

  As it was  verfied  that  there was  no  signMcant

difference between the evaluation  results  obtained

using  the CRT  monitor  and  those  obtained  using  the

liquid crystal  monitor,  we  decided to bring them
togetiher for the purpose  of  the analysis  described

below.

43  Representation by  vector  altitude and  ratio  of

    Mumination  vector  to  scalar  ruuminance

  As the  face modeling  evaluation  had  already  been
researched  by Cuttlei) using  the ratio  of  illumination

vector  to scalar  illuminance, we  plotted the
evaluation  results  of  the 124 stimulant  cuts  after  the

model  proposed  by Cuttle. In Fig. 7 through  to Fig.

21, the illumination vector  altitude is plotted in cross
axis,  and  the ratio  (rf illumination vector  to scalar

illuminance in vertica}  axis,  and-  the  evaluated

images 
'and

 their mean  values  are  plotted using  the

illumination vector  azimuth  and  the camera

exposure  as  parameters.

5. Analysis
5.1 Comparison with  Cuule's research
  The  use  of  the  illumination vector  azimuth  ( ip)
and  altitude  ( a)  and  the ratio  of  Mumination  vector

to scalar  illuminance in the  same  way  as  with

Cuttle's research  led to a  distribution af  two

different plot groups: one  is composed  of  visual

targets which  permit face discriminatian, and  the

other,  of  those  which  do not  (Fig. 7 to Fig. 21). This

suggests  that the modeling  effbet  of  the monitored

face image can  also  be deseribed using  these three

parameters.
  However,  whereas  Cuttle's research  provides  the

evaluation  result  of  
"Shades

 too harsh" when  the

value  of  the ratio  of  illumination vector  to scalar

Muminance  is large, our  research  data show  some

evaluation  result  of  
"Shades

 too soft"  when  the

illumination vector  azimuth  is at  120 degrees.

These refer  to the images picked  up  against  the

light and  the said  evaluation  result  of  
"Shades

 too
soft"  is considered  to be attributable  to the fact of  no

shading  around  eyes, nose  and  mouth  due  to the

effect  of  such  backlight. This phenomena  seems  to

be caused  by the  exposure  at  the time  of  image
capture  and  because our  visual  targets are

monitored  images.
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5.2 Mfurence  of  exposure  level at  the time  of

    image  eapture  
.

  The  relation  betiween exposure  levels

(underexposure: EV-1, appropriate  exposure,  and

overe)rposure:  EV+1)  and  evaluation  resulbs  is

described below.

  Arranged by horizontal angle  in Fig. 22, Fig. 23,

Ftg. 24 and  Fig. 25 are  the  changes  in evaluation

score  caused  by different exposure  levels to the

visual targets  which  were  taken  using  the  same

vectors  (azimuth(di)and altirude (a)) and  the  same

ratio  of  Mumination  vector  to scalar  Muminance.
  There are  two  marked  groups:  visual targets

whose  evaluation  was  not  affected  practically by the

change  of  exposure  level aV-1, appropriate,  EVA-1)

(Fig. 22 and  Fig. 23), and  those  whose  evaluation

was  seriously  afi}ected  (Fig. 24  and  Fig. 25),

demonstrating a  differenoe between the  two

evaluation  scores.

  Analyzing  their  respective  relations  with  visual

targets, those  in the second  group were  evaluated

with  "Shades  too soft"  at  EV-1  level because the  face

image  was  dim. As  the  exposure  changed  to the

appropriate  and  overexposure  (EV+l) levels, the  face

image  got gradually brighter, resulting  in better

evaluation;  that  is, the brightness of  the face was

the principal  element  of  evaluation  for this greup.
On  the other  hand, importance was  seemingly

placed on  the  shades  in the evaluation  of  those  in

the  fust group.  In short,  it can  be said  that  the

evaluation  based on  the shades  is not  afTected

practically bY the  exposure  level.

5.3 Descriptivemethodformodelingeffect

  Very  complicated  works  are  involved in a  lighting

desigri when  we  try to obtain  good  monitored  images

using  the above-mentioned  three  parameters,
namely,  Mumination  vector  azimuth  ( di), altitude

(a) and  the ratio  of  Mumination  vector  to ecalar

Muminance.  It is desired to provide  a  clear

description of  lighting conditions  using  the  value  of

Muminance  as  parameter  as  it can  be easily  handled

in  lighting design. .

  With  this  in view,  we  attempted  to describe
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modeling  efllect  on  the basis of  the six-faces-ofcube

illuminance, a  concept  developed by F. Haeger. The

Mumination  vector  is divided into horizontal and

vertical  cornponents  based on  its azimuth  ( di) and

altitude  (a). Components are  disintegrated into

two  directions by taking the  difference between

horizontal dluminance  in the  upwardldownward

directions as  the value  of  
"Illuminance

 of  a  vertical

direction", and  the dilference between vertical

Muminance  on  the  right  and  left sides  of  the  face as

the value  of  `1lluminance  of a  horimonta1 direction".

The  mean  spherical  illuminance was  selected  as  the

scalar  illuminance  of  the  light incident upon  the

image  head total luminous flux while  the  semi-

cylindrical  Muminance  toward  the  camera  was

selected  as  the quantity  contributing  to face

cliscrimination.  Supposing  that  directions of  light

incident upon  six planes represent  the azimuths  of

Muminance,  these  illuminance can  be formulated by

the  following expressionsD:

Es =  (Ehu +  Ehd +  Evf +  Evr +  Evb +  Evl)16 ................(1)

Ekc =  (Evf +  Evr +  Evb +  Evl)14 +  Evf +  Evb)1 z  ............(2)
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 resds(Hcrizonta1  pt  : 1ro degn,e).

(Evf- Evb) =  rE '  cos  a  ' cos  di H..........""HH..(3)

(Evf-EvD= E" ' cos  a  
'

 sin  di "....."."""H".(4)

(Eitd-Eitu)= E  
'
 sin  a  .........."H.H......H"...---(5)

where:Es:

 Mean  spherical  illuminance

Esc: Semi-cylindrical Muminanee
-E

 : Illumination vector

Ehrt, Ehd: Horizontal Muminance  in the

        upwardldownward  directions

EvA Evr, Evb, Evi: Vertical illuminance in four

directions (front, back, right  and  left)
  Examinations  were  made  in an  eflbrt  to obtain  a

descriptive method  for modelmg  effect  by converting

lighring conditions  at  the time  of  obtaining  visual

targets  images  into horizontal Muminance  in the
                                        verticalupwardldownward  directions (Ehu, Ehd),

Mumii)ance in four directions (EvA Evr, Evb, Idi)i),

mean  spherical  illuminance  (Eb) and  semi-cylindrical

Muminance  (Elic) using  the above  expressions.

  As  a  result,  we  could  obtain  a  scatter  diagram  that

permits  a  clear  distinction between  the  visual

targets  allowing  face cliscrimination  and                                      those  not,
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by combining  expressions  
"(Ehd

 
-
 Ehu)tEk" and  

"(Evr

 
-

Eui)1 Ekc "
 or  

"(Eur
 - Evt)tEk" as  shown  in Table 4.

When  the mean  spherical  illurninance expressed  by
"CEvr

 - Evt)/Ek" is used,  however, there is no

distinction between  120- and  60-degree azimuths  if

the  size  of  Mumination  vector  is the  same.  This
suggests  that  the use  of  the  semi-qylmdrical

Muminance  is preferable.
  Fig. 26 and  Fig. 27 show  the scatter  diagrams  of

visual targets  plotted  using  
"the

 ratio  of  mean

spherical  Muminance  to the diilrerence between

horizontal Muminance  in the  upwardidownward

directions (Ehd - Ehu)/Es" and  
"the

 ratio  of  semi-

cyhndrical  Muminance  to the  difference between

vertical  Muminance  on  the right  and  left sides  of  the

face (Evr - Evl)/Ekc."
  In Fig. 26, the  evaluation  results  were  classilied

into five categories  in accordance  with  the

evaluation  scores  indicated in Table 3, showing  a

clear  distinction between  the visual  targets  allowing

face discrimination and  those not.  The  visual

taTgets  enclosed  with  solid  lme circles  are  those  with

120-degree illumination  vector  azimuth  which  were

judged with  
"Shading

 too soft"  as  they referred  to

the  images picked up  against  the light and  there  was

no  shading  around  eyes,  nose  and  mouth  due  to the

effect  ofsuchbacklight.  These dim face images also

eame  in the  perimeter of  the chart.

  On  the  other  hand, Fig. 27 plots visual  targets  as

 are.  It is verified  that a  satisfactory  distribution
 can  be obtained  according  to the "level

 of

 discrirnination of  the  video-monitored  persen"  in

these  visual  targets  when  the  proposed two

 parameters  are  used.

   Shown  in Fig. 28 are  the levels of  discrmination of

 the video-monitored  person, classified  by the

 categories  specified  in Table 5, based on  the results

 from  the  above  examinations.

a  Conclusion
  The purpose  of  this study  was  to establish  lighting

conditions  to obtain  video-monitored  images that

wmu  permit  
"face

 discrimination" by preparing
diversely modeled  visual  targets  based on  Cuttle's

modelmg  evaluation  experiments  as  reference  and

evaluating  the  level of  
"face

 discrimination" on  the

monitor.  Following on  from  these  evaluation

results,  we  discussed descriptive method  for

modeling  efEiect using  the  illuminance as  parameter.
  As  a  result,  we  could  bring the  following to light

and  make  it possible  to estimate  at  the  time  of  image

capture  whether  or  not  satisfactory  images  cou}d  be

obtained:

a) There was  no  significant  difference between  the

    evaluation  results  obtained  using  the  CRT
    monitor  and  those  obtained  using  the  liquid

    crystal  monitor.

Tlhe nluminating Engineering I}zstitute ofJbpan
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b) The modelmg  efElect of  the video-monitored  face

   can  be described using  
"the

 ratio  of  mean

   spherical  illuminance to the difirerence between

   horizontal illuminance in the upwardldownward

   directions (Ehd - Eltu)IEs" and  
"the

 ratio  of  semi-

   cylindrical Muminance  to the difference between
   venical  Muminance  on  the  right  and  left sides  of

   the  face (Evr - Evt)/Esc."
c)  The  lighting conditions  to obtain  good images of

   the  face or  facial features are  as  shown  in Fig. 28

   to the  extent  of  this study.  The  range  of  these

   conditions  can  be roughly  summarized  as  below:

...ttttttttttttttttt.....Lttttrvtttrtttt..t.ttttttmmtttttttt...ttttttttrvttmtttttrttt....ttttttttttmtttttttt.t.....t.ttttttttttttttttttt..t....t
'i7.h.e,gOi,".`iO.",8.f(F.tgh.Ea"'Sll,7`:.lsiPgi.,w'6`,hie.iPe.

 Evi)/Uc should  be below 1.3, or
 the solution  of  (Ehd - Ehu)fEs is to be below 1.0 and

i.tb.}e2&gg,S.Eol.I6',.E.;D(i.E,s fibR". Id .fa. il wi`hin  
`b..e

 
rangg

 
,],
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