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ABSTRACT 
T h i s  p a p e r  d e s c r i b e s  a  t e c h n i q u e  f o r  

d e t e c t i n g  t r e s p a s s e r s  i n  r e a l  t ime .  a p p l i c a b l e  
b o t h  i n d o o r s  and o u t d o o r s ,  b a s e d  on  image  
p rocess ing .  

The main p a r t  o f  t h e  proposed sys t em con- 
sists o f  a  v ideo  camera,  an  image p rocesso r  and 
a  micro-processor.  Images a r e  i n p u t  from t h e  
v ideo  camera  t o  t h e  image p rocesso r  e v e r y  1 /60  
second, and i n t r u d i n g  o b j e c t s  i n  t h e  image a r e  
d e t e c t e d  b y  m e a s u r i n g  c h a n g e s  o f  i n t e n s i t y  
l e v e l  i n  s e l e c t e d  s e n s o r  a reas .  

The s y s t e m  e x h i b i t s  t h e  f o l l o w i n g  f e a -  
t u r e s :  ( 1 )  i n t r u d e r s  c a n  b e  d e t e c t e d  i n  r e a l  
t ime .  (2) shapes  and l o c a t i o n s  o f  a c t i v e  s e n s o r  
a r e a s  can b e  s e l e c t e d  based on d e t e c t i o n  a p p l i -  
c a t i o n .  ( 3 )  s p u r i o u s  d e t e c t i o n s  are p r e v e n t e d  
by  u s i n g  n o i s e  r e m o v a l  f i l t e r s ,  (4 )  h i g h  de-  
t e c t i o n  s e n s i t i v i t y  is  g u a r a n t e e d  u n d e r  a n y  
env i ronmen ta l  cond i t ion .  

I n  t h i s  p a p e r ,  t h e  s y s t e m  c o n f i g u r a t i o n  
a n d  t h e  d e t e c t i o n  m e t h o d  a r e  d i s c u s s e d .  
Exper imenta l  r e s u l t s  under  a range o f  environ- 
men ta l  c o n d i t i o n s  a r e  given. 

T e c h n i q u e s  u s e d  t o  d e t e c t  i n t r u d e r s  i n  a  
h a z a r d o u s  s i t e ,  s u c h  a s  a  power  p l a n t  o r  sub-  
s t a t i o n ,  o r  i n  a n  unmanned b u i l d i n g  a t  n i g h t ,  
a r e  q u i t e  s i g n i f i c a n t  i n  t h e  f i e l d  o f  unmanned 
watching systems. 

T r a d i t i o n a l l y ,  t h e  f o l l o w i n g  t y p e  o f  
methods have been used t o  d e t e c t  intrudersr1' :  

(1)  s e t t i n g  v a r i o u s  k i n d s  o f  s e n s o r s  s u c h  a s  
i n f r a r e d  o r  t e n s i o n  senso r s .  

(2 )  s e t t i n g  v i d e o  c a m e r a s  and a human who 
moni to r s  TVs con t inuous ly ,  

( 3 )  c o m b i n i n g  ( 1 )  w i t h  ( 2 ) ,  t h a t  is,  t h e  v i d e o  
c a m e r a s  a r e  a u t o m a t i c a l l y  c o n t r o l l e d  t o  
d i s p l a y  t h e  d e t e c t i o n  a r e a  on a  m o n i t o r  
when i n t r u d e r s  a r e  d e t e c t e d  by a  sensor .  

I n  ( 1 ) .  m a j o r  d e f e c t s  a r e  t h a t  t h e  a c t i v e  
d e t e c t i o n  a r e a  is  o n l y  a  l i n e ,  and is  f i x e d ,  
and t h a t  t h e  d e t e c t i o n  a r e a  cannot  b e  changed 
e a s i l y .  Method ( 2 )  h a s  t h e  a d v a n t a g e  o f  pro-  
v i d i n g  f o r  more in fo rma t ion ,  namely, a n  image 
o f  t h e  i n t r u d e r .  However,  a  human b e i n g s  a r e  
v e r y  i l l - s u i t e d  t o  t h i s  t y p e  o f  m o n i t o r i n g  
work ,  and  t h e  r e s p o n s i b i l i t y  is  t o o  heavy.  
A l s o ,  t h i s  m e t h o d  t e n d s  t o  b e  e x p e n s i v e .  
Method ( 3 )  o f f e r s  same  merits a s  Method (2 ) .  
However,  t h e  c o s t  o f  t h e  s y s t e m  i s  v e r y  h i g h  

b e c a u s e  i t  u s e s  a  s p e c i a l  c o n t r o l  u n i t  t o  
d i r e c t  a  v ideo  camera toward t h e  p o i n t  where an  
i n t r u d e r  might en te r .  

To s o l v e  t h e s e  problems, unmanned watching 
s y s t e m s  b a s e d  on  v i d e o  c a m e r a s  h a v e  b  117 -727 veloped, and r e s e a r c h  has  been r epor t ed  
o f  d e t e c t i n g  and t r a c i n g  n o  o b j e c t s  u s ing  
m u l t i p l e  i m a g e  processing.'@ However. t h e s e  
sys t ems  cannot  d e t e c t  moving o b j e c t s  i n  r e a l  
time b e c a u s e  a l l  p i x e l s  i n  a n  i m a g e  a r e  p roc -  
e s s e d .  Methods  o f  r e a l - t i m e  measuremen t  o f  
p e d e s t r i  ap,f,y8y and t r a f f i c  f l o w  h a v e  been  
r e p o r t e d .  However,  t h e s e  me thods  a r e  
n o t  s u i t a b l e  f o r  w a t c h i n g  s y s t e m s  b e c a u s e  o f  
r e s t r i c t i o n s  on d e t e c t a b l e  o b j e c t s  and de tec t -  
a b l e  pass ing  d i r e c t i o n s  o f  t h e  ob jec t s .  

T h i s  p a p e r  d e s c r i b e s  a  t e c h n i q u e  u s e d  t o  
d e t e c t  i n t r u d e r s  i n  r e a l  time wi thou t  s p u r i o u s  
d e t e c t i o n s ,  i n  bo th  indoor  and outdoor  environ- 
ments, u s ing  a  micro-processor.  

I n  t h e  proposed method, t h e  d e t e c t i o n  a r e a  
is  l i m i t e d  t o  a  f i n i t e  a r e a  s u r r o u n d e d  by  
f e n c e s  a n d l o r  wa l l s .  Therefore ,  t h e  d e t e c t i o n  
a r e a  can be  reduced, because it is adequate  t o  
w a t c h  o n l y  o v e r  t h e  b o u n d a r y  s u r r o u n d i n g  t h e  
d e t e c t i o n  a r e a ,  which i n t r u d e r s  must c ross .  I n  
o u r  s y s t e m .  s e v e r a l  a c t i v e  a r e a s  a r e  s e t  on  a  
m o n i t o r  s c r e e n  b a s e d  on  p o s s i b l e  i n t r u d e r s '  
p a t h s  ( s e e  F i g u r e  I ) ,  and t r e s p a s s e r s  a r e  de- 
t e c t e d  i n  r e a l  t i m e  b y  m e a s u r i n g  c h a n g e s  o f  
image i n t e n s i t y  l e v e l  i n  t h e s e  a c t i v e  areas .  

S p u r i o u s  d e t e c t i o n s  c a u s e d  by  c l i m a t i c  
c h a n g e s ,  o p t i c a l  a n d  e l e c t r i c  n o i s e ,  o r  
b l o o m i n g  phenomenon i n  t h e  v i d e o  c a m e r a  a r e  
p r e v e n t e d  by  u s i n g  n o i s e  r e m o v a l  f i l t e r s  i n  
bo th  t i m e  and space  domains. Dummy observing 
p i x e l s  a r e  a l s o  u t i l i z e d .  

The sys tem c o n f i g u r a t i o n  and t h e  i n t r u d e r  
d e t e c t i o n  method a r e  d i s c u s s e d  be low.  F o r  
d e m o n s t r a t i o n ,  e x p e r i m e n t a l  r e s u l t s  u n d e r  
v a r i o u s  c o n d i t i o n s  a r e  a l s o  provided. 

SYSTEn CONFIGURATION 

The hardware  c o n f i g u r a t i o n  o f  o u r  unmanned 
watching sys tem is shown i n  F i g u r e  2. The main 
p a r t  o f  t h e  s y s t e m  c o n s i s t s  o f  a  s e t  o f  v i d e o  
c a m e r a s  ( f o u r  s e t s  a r e  t h e  c u r r e n t  maximum), 
t h e  c h a n n e l  s w i t c h i n g  u n i t  and t h e  c o n t r o l  
u n i t .  O t h e r  e q u i p m e n t  i n c l u d e s  t h e  t a r g e t s  
l i g h t e d  a t  n i g h t ,  s p o t  l i g h t s  t o  i l l u m i n a t e  
i n t r u d e r s  a t  n i g h t ,  s w i t c h i n g  r e l a y  t o  t u r n  on 
and  o f f  t h e  l i g h t i n g  e q u i p m e n t .  power  s u p p l y .  
VTR t o  r eco rd  t h e  image o f  a  t r e s p a s s e r ,  and TV 
monitor.  
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( 1 )  Video camera 
CCD v i d e o  c a m e r a s  a r e  u s e d  i n  t h e  s y s t e m  

f o r  t h e i r  d u r a b i l i t y  compared t o  o t h e r  t y p e s  o f  
v i d e o  c a m e r a s .  A l e n s  w i t h  a n  a u t o m a t i c  d i a -  
phragm,  w h i c h  c o n t r o l s  t h e  e x p o s u r e  u n d e r  a  
wide range o f  b r i g h t n e s s  c o n d i t i o n s ,  is used t o  
p rocess  s low changes  i n  b r i g h t n e s s  such a s  t h e  
d a i l y  c h a n g e  o f  b r i g h t n e s s  d u e  t o  r i s i n g  and 
s e t t i n g  o f  t h e  sun. 

( 2 )  Channel swi t ch ing  u n i t  
The f u n c t i o n  o f  t h e  channel  s w i t c h i n g  u n i t  

i s  t o  d i s t r i b u t e  v i d e o  s i g n a l s  t o  t h e  c o n t r o l  
u n i t  and t h e  VTR. The v i d e o  s i g n a l  f r o m  e a c h  
v i d e o  c a m e r a  i s  t r a n s m i t t e d  t o  t h e  c o r r e -  
sponding image p rocesso r ,  and t h e  u n i t  s e l e c t s  
o n e  v i d e o  s i g n a l  c h a n n e l  f r o m  o u t p u t  o f  v i d e o  
c a m e r a s  and  i m a g e  p r o c e s s o r  d e p e n d i n g  on  t h e  
mode: (i) record ing  a  camera  image w i t h  t h e  VTR 
o r  ( i i )  s e t t i n g  s e n s o r  p o i n t s  u s ing  a  d i g i t i z e d  
image. The u n i t  i s  c o n t r o l l e d  by t h e  d e t e c t i o n  
s i g n a l  f r o m  t h e  h o s t  p r o c e s s o r  110.  and  t h e  
s e l e c t e d  v ideo  s i g n a l  i s  a u t o m a t i c a l l y  recorded 

t h e  VTR. 

( 3 )  Cont ro l  u n i t  
The c o n t r o l  u n i t  c o n s i s t s  o f  a  h o s t  CPU 

and p a i r s  o f  image p r o c e s s o r s  and s l a v e  CPUs. 
The h o s t  CPU d e a l s  w i t h  t h e  d e t e c t i o n  

s i g n a l s  f r o m  s l a v e  CPUs, and  c o n t r o l s  o t h e r  
u n i t s .  

Each i m a g e  p r o c e s s o r  c o n v e r t s  t h e  v i d e o  
s i g n a l  f r o m  i t s  v i d e o  c a m e r a  i n t o  a  d i g i t a l  
i m a g e  e v e r y  1 / 6 0  s e c o n d ,  and s t o r e s  t h e  i m a g e  
i n  image memory. The s l a v e  CPU can a c c e s s  t h e  
image memory d i r e c t l y  because  it is  l o c a t e d  i n  
t h e  s l a v e  CPU's memory s p a c e .  I n  a d d i t i o n  t o  
f u n c t i o n i n g  a s  a n  i m a g e  d i g i t i z e r ,  t h e  image  
p r o c e s s o r  g e n e r a t e s  a  d i g i t a l  v i d e o  s i g n a l  
which d i s p l a y s  t h e  l o c a t i o n  o f  t h e  a c t i v e  a r e a s  
on a  moni tor  TV. 

Each s l a v e  CPU d e t e c t s  i n t r u d e r s  i n  r e a l  
t i m e  b y  u s i n g  t h e  m u l t i p l e  i m a g e  p r o c e s s i n g  
t e c h n i q u e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n .  
The i n t r u d e r  d e t e c t i o n  s o f t w a r e  r e s i d e s  i n  a  
ROM, and r u n s  on a  16-bi t  micro-processor.  

Fig. 1 ( a )  Ac t ive  a r e a s  (wh i t e  p i x e l s )  
set on a  s c r e e n  

ig. 1 ( b )  Top view o f  t h e  d e t e c t i n g  f i e l d .  
The f i e l d  o f  v i e w  o f  e a c h  c a m e r a  i s  
shown by dashed l i n e s ,  and t h e  beams 
c o n n e c t i n g  t h e  c a m e r a  w i t h  e a c h  
a c t i v e  a r e a  s u r r o u n d  t h e  w a t c h i n g  
a r e a .  

Fig. 2 System c o n f i g u r a t i o n  
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I n t r u d e r s  a r e  d e t e c t e d  b y  m e a s u r i n g  
c h a n g e s  i n  i n t e n s i t y  l e v e l  a t  t h e  s e l e c t e d  
a c t i v e  a reas .  The i n t e n s i t y  l e v e l  is conver ted  
t o  b i n a r y  v a l u e s  by  u s i n g  a  t h r e s h o l d ,  t h e n  
p a s s e d  t h r o u g h  n o i s e  r e m o v a l  f i l t e r s .  The 
r e s u l t i n g  b i n a r y  v a l u e s  a r e  used t o  de te rmine  
w h e t h e r  a n  i n t r u d e r  h a s  e n t e r e d  t h e  w a t c h i n g  
zone. ( S e e  F i g u r e  3 )  

( I )  S e t t i n g  a c t i v e  a r e a s  
I f  d e t e c t i o n  i s  p e r f o r m e d  f o r  s i n g l e  

p i x e l s ,  s p u r i o u s  d e t e c t i o n s  occur  due t o  o p t i -  
c a l  a n d / o r  e l e c t r i c  n o i s e .  I n  o r d e r  t o  s o l v e  
t h i s  p r o b l e m ,  a c t i v e  a r e a s  o f  p i x e l s  ( c a l l e d  
s a m p l i n g  p i x e l s )  a r e  u s e d ,  and  i n t r u d e r s  a r e  
d e t e c t e d  u s i n g  t h e s e  s a m p l i n g  p i x e l s .  One o f  
t h r e e  s a m p l i n g  p i x e l  c o n f i g u r a t i o n s  c a n  b e  
s e l e c t e d  b a s e d  on  t h e  t y p e  o f  o b j e c t s  t o  b e  
d e t e c t e d .  

( 2 )  I n t e n s i t y  t h r e s h o l d  
The method o f  s i m p l y  comparing t h e  i n t e n s i -  

t y  o f  t w o  p i x e l s  t h a t  c o r r e s p o n d  t o  t h e  same  
p o i n t  on  t w o  d i f f e r e n t  i m a g e s  may b e  u s e d  t o  
d e t e c t  changes  i n  images. However, because  o f  
c h a n g e s  d u e  t o  w e a t h e r ,  t h i s  s i m p l e  method 
produces  numerous s p u r i o u s  d e t e c t i o n s  when used 
outdoors .  To s o l v e  t h i s  problem. a  background 
i n t e n s i t y  is c a l c u l a t e d  f o r  each sampl ing p i x e l  
b y  a v e r a g i n g  i n t e n s i t y  l e v e l s  o v e r  s e v e r a l  
images,  u s i n g  t h e  f o l l o w i n g  equat ion.  

IAVi : background i n t e n s i t y  o f  
sampling p i x e l  i 

T : p r e s e n t  t ime  
K : number o f  images t o  c a l c u l a t e  

t h e  background i n t e n s i t y  
( d e t e c t i n g  parameter)  

f i , t  : i n t e n s i t y  o f  sampl ing p i x e l  i 
a t  t ime t 

start 

[ system initialization I 
1 r set active areas I 

calculate I background intensities I 

intensity change 

apply time-wise 

< evalvate 
ldetection 

issue alarm and 
record image 

J, - 
F i g .  3  P rocess  f low c h a r t  

The i n t e n s i t y  change o f  t h e  sampl ing p i x e l  
i s  s m a l l  u n l e s s  a n  i n t r u d e r  p a s s e s  t h r o u g h  on 
t h e  s a m p l i n g  p i x e l  o r  t h e  w e a t h e r  c h a n g e s  
r ap id ly .  I n  o r d e r  t o  n e g l e c t  s l i g h t  changes o f  
i n  i n t e n s i t y ,  it is conver ted  t o  b ina ry  va lues  
by  i n t r o d u c i n g  a n  a l l o w a b l e  l i m i t  t o  t h e  
background  i n t e n s i t y .  The b i n a r y  i n t e n s i t y  
change is d e f i n e d  by t h e  fo l lowing  equat ion:  

Ii,t : i n t e n s i t y  change o f  sampl ing 
p i x e l  i a t  time t 

L : a l l o w a b l e  l i m i t  
( d e t e c t i n g  parameter)  

( 3 )  Time domain n o i s e  removal f i l ter  
Not a l l  t h e  o p t i c a l  and /o r  e l e c t r i c  n o i s e  

can be  removed by o o n v e r t i n g  t o  b i n a r y  values.  
Accord ing  t o  e x p e r i m e n t a l  e x p e r i e n c e ,  n o i s e  
d o e s  n o t  o c c u r  c o n s e c u t i v e l y b u t  i n  i s o l a t i o n  
a l o n g  t h e  t i m e  a x i s .  Tak ing  a c c o u n t  o f  t h i s  
c h a r a c t e r i s t i c ,  i s o l a t e d  i n t e n s i t y  c h a n g e s  o f  
s a m p l i n g  p i x e l s  a r e  m o d i f i e d  a l o n g  t h e  t i m e  
a x i s :  

and I .  = 1 t hen  I 1,T-1 isT-l= O ' 

and Ii,T-l= 0 t hen  IisT-l= 1 . 
A : t ime th resho ld  

(4 )  Space domain n o i s e  removal f i l t e r  
I f  t h e  d e t e c t i o n  o c c u r s  o n l y  when a n  

i n t e n s i t y  change occur s  a t  eve ry  sampl ing p i x e l  
o f  an  a c t i v e  a r e a ,  t h e  d e t e c t i o n  s e n s i t i v i t y  is 
q u i t e  low. The p r i n c i p l e  o f  d e c i s i o n  by  
m a j o r i t y  is in t roduced  t o  measure t h e  i n t e n s i t v  
change of an  a c t i v e  area .  The i n t e n s i t y  changa 
o f  a c t i v e  a r e a  j a t  t i m e  t is  d e f i n e d  by t h e  
f o l l o w i n g  equat ion:  

p j  : number o f  sampl ing p i x e l s  i n  
a c t i v e  a r e a  j t h a t  c o n s i s t  o f  
consecu t ive  sampl ing p i x e l s  

( 5 )  Anti-blooming f i l t e r  
When a  h i g h  i n t e n s i t y  l i g h t  s o u r c e ,  s u c h  

a s  a n  a u t o m o b i l e  head  l i g h t ,  comes i n t o  t h e  
f i e l d  o f  view o f  a  CCD v ideo  camera a t  n i g h t ,  a  
h i g h  i n t e n s i t y  v e r t i c a l  l i n e  p a s s i n g  t h r o u g h  
t h e  c e n t e r  o f  t h e  l i g h t  appears ,  and can cause  
s p u r i o u s  d e t e c t i o n s .  The problem is addressed 
b y  s o m e  dummy o b s e r v i n g  p i x e l s .  I f  t h e  
i n t e n s i t y  c h a n g e  o f  a  dummy o b s e r v i n g  p i x e l  
c o n t i n u e s  f o r  l o n g e r t h a n  t h e  time t h r e s h o l d ,  
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t h e  i n t e n s i t y  change  o f  t h e  a c t i v e  a r e a  is  
r e s e t  t o  zero: 

if there exist D ( ~ = 1 , 2 , ~ ~ ~ , n ~ )  
X 

then SGj ,T-A#-l= 0 

D, : dummy observing p i x e l  

n j  
: number o f  dummy observing 

p i x e l s  f o r  a c t i v e  a r e a  j 
IDxDt : i n t e n s i t y  change of  Dx a t  

time t 
2A' : time th resho ld  

(6 )  Recognizing i n t r u d e r  d e t e c t i o n  
When t h e  weather  changes rap id ly ,  in ten-  

s i t y  changes occur  s imul taneous ly  a t  a lmos t  a l l  
t h e  a c t i v e  a r e a s  on a  screen. When an i n t r u d e r  
e n t e r s ,  i n t e n s i t y  c h a n g e s  o c c u r  l o c a l l y .  
Taking account of  t h e s e  f a c t s ,  d e t e c t i n g  c r i t e -  
r i o n  is def ined  as: 

5 N Nmin F~-~'-l - max ( 6 )  

t h e  r o a d  w i t h  t h e  p a r a m e t e r  L s e t  t o  5b. The 
d e t e c t i n g  s e n s i t i v i t y  o f  t h e s e  s u p p l e m e n t a l  
a c t i v e  a r e a s  was s e t  t o  a  low va lue  i n  o r d e r  t o  
prevent  spur ious  de tec t ions .  Table 2 shows t h e  
r e s u l t s .  The s y s t e m  e x h i b i t s  h i g h  d e t e c t i o n  
s e n s i t i v i t y .  A few s p u r i o u s  d e t e c t i o n s  were 
o b t a i n e d  d u r i n g  a  s n o w f a l l ;  a  l o t  o f  s p u r i o u s  
d e t e c t i o n s  occurred because o f  a  g r a i n  o f  snow 
n e a r  t h e  v i d e o  camera  t h a t  p a s s e d  t h r o u g h  a l l  
t h e  s a m p l i n g  p i x e l s  o f  one  a c t i v e  a r e a .  The 
problem may be solved by s u i t a b l y  changing t h e  
l o c a t i o n s  o f  sampling p ixe l s .  

0 c a r  X moter cyc l e  A man 

a a a ~ o  
Nmin, Nmax : minimum and maximum 

number o f  i n t e n s i t y  changes " 90 3 

12a 

12 

where  Ft i s  t h e  sum o f  ScjSt o v e r  a l l  a c t i v e  
a r e a s  a t  t i m e  t, and is  d e f i n e d  by t h e  f o l -  
lowing equation: 

( a  : a constant  value) 

Table 1 Rela t ionsh ip  between parameter  K 
and spur ious  d e t e c t i o n  r a t e  

m : number o f  a c t i v e  a r e a s  

8a 

5 

pararneterK 

spur ious  
detection 
count 

Each s l a v e  CPU r e p e a t s  t h e  f o r e m e n t i o n e d  
p r o c e s s  e v e r y  1 / 6 0  s e c o n d  t o  d e t e c t  i n t r u d e r s  
i n  r e a l  time. 

9a 

5 

4a 

0 

The d e t e c t i o n  s e n s i t i v i t y  i s  set  by t h e  
d e t e c t i n g  pa ramete r s  K and L. If t h e  d e t e c t i o n  
s e n s i t i v i t y  is  s e l e c t e d  t o o  h i g h ,  t h e  r a t e  o f  
I 

'0 I b  2 b  3 b  I b  Sb Bb 
de tec t i on  parameter L 

s p u r i o u s  d e t e c t i o n s  i n c r e a s e s .  On t h e  o t h e r  
hand, i f  it is  t o o  low, t h e  system w i l l  f a i l  t o  (b : a constant  value) 

d e t e c t  i n t r u d e r s .  F i r s t ,  we d e t e r m i n e d  Fig. 4  Re la t ionsh ip  between parameter  L 
a p p r o p r i a t e  d e t e c t i o n  p a r a m e t e r s  K and L. and d e t e c t i o n  s e n s i t i v i t y  

2a 

0 

These  p a r a m e t e r s  were t e s t e d  under c o n d i t i o n s  
o f  f r e q u e n t  w e a t h e r  change,  and t h e  r e s u l t  
o f f e r s  s t a n d a r d  v a l u e s  f o r  K and L f o r  o t h e r  
cond i t ions .  

T a b l e  1 shows  t h e  r e l a t i o n s h i p  b e t w e e n  
d e t e o t i n g  parameter  K and t h e  r a t e  o f  spur ious  
de tec t ions .  When t h e  parameter  K was s e t  l e s s  
t h a n  o r  e q u a l  t o  6 a  ( a :  a  c o n s t a n t  v a l u e ) .  no 
spur ious  d e t e c t i o n s  were observed. 

D e t e c t i n g  p a r a m e t e r  L d o m i n a t e s  t h e  
d e t e c t i n g  s e n s i t i v i t y  r a t h e r  than  t h e  spur ious  
d e t e c t i o n  r a t e .  The r e l a t i o n s h i p  b e t w e e n  
parameter  L and t h e  d e t e c t i o n  s e n s i t i v i t y  was 
inves t iga ted .  (See F igure  4) 

The s y s t e m  was examined u n d e r  v a r i o u s  
outdoor  condi t ions .  One video camera was used, 
and t h e  parameter  K was set t o  3a. Two a c t i v e  
a r e a s  were set on each t a r g e t ,  and t h e  parame- 
t e r  L was s e t  t o  3b (b: a  c o n s t a n t  value. )  
Furthermore, t h r e e  a c t i v e  a r e a s  were l o c a t e d  on 

5a 

0 

3a 

0 

sensitivity ($) 100 97.4 97.4 70.0 94.9 

Table 2 Resul t  under va r ious  
environmental cond i t ions  

6a 

0 

7a 

2 
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The s y s t e m  was a l s o  t e s t e d  under  v i d e o  
blooming c a u s e d  by a u t o m o b i l e  head l i g h t s  a t  
n i g h t .  The blooming phenomenon o c c u r r e d  21  
times, bu t  no spurious de tec t ion  was observed. 

F i n a l l y ,  t h e  sys tem was examined under  
indoor condi t ions  ( a  passage and a  room i n  our 
case.) A l l  i n t r u d e r s  were  d e t e c t e d  w i t h  no 
spurious d e t e c t  i o n s .  

An unmanned w a t c h i n g  sys tem t o  d e t e c t  
i n t r u d e r s  i n  r e a l  t ime  without  spurious detec- 
t i o n s  is proposed, and t h e  experimental r e s u l t s  
o f  t h e  s y s t e m  under  v a r i o u s  e n v i r o n m e n t a l  
c o n d i t i o n s  a r e  d e m o n s t r a t e d .  The s y s t e m  
e x h i b i t s  t h e  fol lowing fea tures :  

(1)  I n t r u d e r s  c a n  be  d e t e c t e d  i n  r e a l  t i m e  by 
c h e c k i n g  t h e  i n t e n s i t y  l e v e l s  a t  s e l e c t e d  
a o t i v e  a r e a s  whioh a r e  s e t  beforehand based 
on poss ib le  i n t r u d e r  paths. 

(2)  Shapes  and l o c a t i o n s  o f  each  a c t i v e  a r e a  
c a n  b e  s e l e a t e d  depending on t h e  t y p e  o f  
o b j e c t s  t o  be  d e t e c t e d  and t h e  watch ing  
purpose. 

(3)  S p u r i o u s  d e t e o t i o n s  caused  by changes  o f  
t h e  weather and video camera blooming a r e  
p r e v e n t e d  by u s i n g  n o i s e  removal  f i l t e r s .  
These f i l t e r s  a r e  f u n c t i o n s  o f  t i m e  and 
space.  Dummy o b s e r v i n g  p i x e l s  a r e  a l s o  
u t i l i z e d .  

(4)  High s e n s i t i v i t y  of  de tec t ion  is guaranteed 
under  any  e n v i r o n m e n t a l  c o n d i t i o n  i f  t h e  
de tec t ing  parameters a r e  s e t  t o  appropriate  
values. 
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