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A bsfracl 
We h e  &cussed the algon'thm rho1 such primitive 

srmc paromelers ~zs rhe number of passers-by, their 
moving direction and moving ~ p e d  can be concurrenlIy 
measured by processing LV i m g e  in real time wirh a 
personal computer. 

In this olgorirhm, the movement of a passer-by is  
displayed in [he form of o locu fine on a cross section 
imagc. Tkrefore, by counting rhe number of locus 
lines and calcuhring tk grdienr of the locus liner, we 
can meawe t he number of passers-by rogether wirh ihe 
moving direelion and moving speed. 

We impfentenred this aIgosilhm on the system 
consisring of on TTV camera, an image processor and a 
personal computer. Using this system in a real 
situation, we cou!d measure the above mentioned 
puramelers within 5% and2096 of memurind error in 
case of a ligh! r r m c  pow and a heavy rrafic flow, 
respecrively. 

1. Introduction 

It is one of the most important subjeca in a heavily 
populated ciky ta know h e  a c h l  situation in the ualfic 
flow of passers-by. To meet this subjcct, iL is required 
to develap he automatic m w u r i n g  syskrn that can 
measure in real time such primitive Mfic paramem as 
the numbcr of passen-by, rhcu moving direction and 
moving speed by using a cornpuler. Same researchers 
have proposed lhc method where h e  ~raffic flow of 
passers-by is meamred by means of imagc processing 
I 11-141. - - -  - 

En Lhese methods, an ITV camem is set such that its 
focusing direction i s  perpendicular to or slantingly 
above the mad whete passers-by are walking. Therefore, 
LC quality of h e  taken image is much inllucnccd by h e  
shadc, umbrellas and so on depending on Ihe wealher. 
The location where the m c r a  can bc set is restricted. 
Since in som proposed r n c M  che IraFfic flow can Ix 
measured in real time using a mini-cornpuler or a 
special-purpose processor, the system seems to ke 
expcnsive. Also [be above mentioned primitive 
paramclcrs cannot 'be measured concurrenl y. 

We discussd the algotilhm that Lhe number of 
passers-by, their moving direction and moving s p x i  
can be cmcurrenlly m e a d  by processing ITV image 
in red time wilh a personal computer. 

En this algorihrn, Ihc scenc where passers-by are 
walking is taken by an ITV camera whose locusing 
direction i s  sct horizonlally to the road. Onc horimntal 
scanning line is appropriately selcctcd on he scene. The 
densiky values of the pixels on this scanning line are 
gathercd at somc time interval. Arranging hcsc data 
vertically in order of lime. we can get lhc lwo- 
dimensional image. En this image. movemcnl or 
passers-by can bc obscrvcd in the form o l  a locus line. 
ThereCore, by counting the numbcr o l  locus lincs and 
calculating their gradient, we can measure h c  numbcr of 
passers-by togcthcr with the moving direclion. 
Moreover. by measuring the period during which a 
passcr-by appears and lhcn disappears in the sccne. we 
can calcuIak Ihe moving s@ of mch passer-by 

We implernenled this algorithm on Ihc syslem 
consisling of an ITV camera, an image prmessor and a 
personal computct. Using this systcm, wc could 
measure in real time the numbcr of passcrs-by, moving 
direction and moving speed within a acceplabte error 
range in case of a light maffic flow. 

2. Measuring system 

2.1 System configuration 
The conLgmtion of the rnmuring syslern is shown 

in Fig.1. This system consists of an ITV camera, a 
vidco tape recorder, an imagc processor, a monitor 
display and a personal compuzcr(PC). While developing 
h e  system. we rccorded ~ h c  image using a video bpe 
recorder and Lhcn processed h rcplaycd image. But dtcs 
the development of thc syslem will have bcen 
complctd, Ihc image laken by an ITV camera will bc 
dircc tl y prmB§zd. 

Table P shews the specificalion of the syslem. The 
image pmssor can gc! one frame of an image into an 
image memory evcry I/@ seconds. 'Ihe resolution OF 

Table 1 .  List ol equipment 

Video Tape Recorder SONY :SL-F7 
Video Monilw HITACH t :VM-I 29A 
Image Prmssor KEIO:IFM/PC-Jr 
Personal Computer NEC:PCSSOl RA 



YIDEQ Camera 

Imago 

+n 

Ffg.1 Measuring system 

h e  image is 256x256, and the number of gray scale 
lcvels is If44 bitslpixe1). Since the image memory is 
coanecled m h e  CPU bus of h e  VC, it can be d 'mdy  
accessed via the bus from the PC. All programs have 
k n  &od using C-language. 

2.2 Outline of  processing 
In  this  system. the scene where passers-by are 

walking I s  taken by an ITV camera whose fwusing 
direclion is sct horizontally, One horizontal scanning 
line is appropriately selected on h e  scene. This linc i s  
calltxl a sampled horizontal line. The density values d 
the pixels on b e  sampling line are gathered at some 
lime interval. Arranging these data vedcally in order of 
kirne, we can get a ~wo-dimensional image. This image 
is called a cross secrion image. En  he cross scction 
image. moverncnt of passer-by can be observed in the 
ram of a locus line as shown in Eig.2. Therefore, by 
counting the nurnbr of Iwus lines and calculating the 
gradient of h e  locus lines, we can measure the n u m b  
of p w m - b y  together wilh their moving cb~tim. 

Moreover, by calculahg the Mod during which a 
FCC-by walks between two points whose distance is 
known. we can measure heir moving spccd. 

Flg.2 Locus line in cross section image 

3.1-1 Density value ot background 
Let h e  density value of thc pixcl on nhc ih column 

of the sampled horizontal line fhal is sampled in the jth 
sampling time be designated sQ)[il. Also let Lhc samc 
density valuc 01 the pixcl in case a passer-by does nor 
axis1 be dcsignatcd bQ)[i]. We call this density value a 
&nsi~y value of the background. Since he density value 
of the background varies wilh Lime. ics value is updakd 
by averaging the past n density values of the 
compnding pixels as shown in Eq.(l). But S ~ C C  l h c ~  
is scarcely a case where Ihc dcnaity value of b e  
background changes rapidly, if the difference htwcen 
bC-I)[i] and sa)ii] is greater than Ab, we considcr h a t  
his sQ)[i] is corrcspnded lo a pixel of a passer-by or a 
noise. Then we substitute bQ-l)[i] for sQ)[i] In Q.(l) 
and calculate bG)[i]. 

n - l  
bCi)[il = c sCi-k)~i]/n 

k-0 

3.1.t Dinarization 
The sampled data are binarized such that i f  the 

difference between sG)[i] and bU)[il exceeds At, the 
value a l  s(j)[i] is m s f m e d  into 1, othenvise 0, That 
is, letling the binarized value of Lhc pixel on thc ilh 
column be dcsignatcd xQ)[i]. 

: I sCi)[i]-bfiE[i] I < 
xCi)[il= (2) 

1 : I s ~ ) [ i ] - b ~ ) [ i ]  I >= A,. 

3.1.3 Noise elimination 
The dam of onc sampld horizontal lline are only 

sufficicnl in principle to mcasure Lhc mfric flow, bur 
wc cannot accurately masun: it duc to somc noises. To 
eliminate Qe influence of the noises, each two 
hori7nnlal lines aMve and below a sampled horimnlal 
Line ~spcclivcly are r e l e d  to, and also the width of a 
passer-by is considered. We call each of these 4 lines a 
rcrerence horizontal line. 
[EIorizontal direction] 

Observing thc binarized density values on thc 
samplcd horimntal line, we can find wt the runs of the 
valwc I it a passer-by cxistc. ahmfwe, if b e  nurnbcr or 
runs of Ihe value 1 is grcatcs ban or equal lo somc N(N 
is equivalent to the width or a passer-by). h e  xQ)[i] is 
mslormed to 1, otherwise to O as shown in Eq.13). 
Hcre. let the modified valucs or xu)[i] be designalcd 
yw[i]l and call thcm horizonlal noise eIirninated dar& 

3. Extraction of  locus lines . &i)[i]= 1 ; (3- 1) 
k=(N -! )12 k=O . 

As described in 2.2, we can measure the traffic flow I7 x m [ i + k ] = ~ ,  or ll x(l)[i+k]=~. or 
of paswrs-by by counting she number of locus liws and k=-(N-ly2 k=-(N- 1) 
calculating the gradient of them. But. in order Le 
simplify the processing, we discussed some pre- 
praccssings explained below. "it k = ~  hi+,]=, 

3.1 Pre-processing yu)[i]=~ ; otherwise. 



[Vertical direction] 
With r e s p r  to the reference line, the binahsttion is 

performed using he same mehod shown in 3.1.2, and 
Ihcn some noises are elirninatcd. Let the binarized 
density value of Lhe pixel on the iLh column of the kth 
reference line that is sampled a~ jh sampling time a d  
eliminated horizontal noises be designated rkQ)[i] 
(k= 1,2,3,4). In order to eliminate the verlical noises, we 
modify Ihe y(j)[il by taking the majority of the density 
values of Ihc five pixels on the same coIurnns of the 
sarnnled horizond line and four reference lines as . .. 

shoin in Eq. (4). These rndifiod data are caIled noise 
elirninatcd dab, 

4 
o : z r k W i l +  y c i ) ~ i ~  < 3 

k= l 

zCj)[il= 
4 

(4) 

F : T, RCi)[i~ + y t i ) f i ~  >= 3 
k= 1 

The value of each dG,i] i s  either e l  0,3,5 or 8. We 
substilure 1 and 2 lor 5 and 8, respectively. This 
subslilulion does not havc an essential mcaning, but it 
is casy for us to recognize visually the moving dircclion 
of a passer-by when these data are arrangd two- 
dimensionally, We call Ihc du,il a direction dam. Fig.4 
shows an example of h e  dij,i] derived from somc plj.j]. 
As shown in Fig. 4, looking at thc valucs oC 
dfj,I] .... dlj,n] sequentially, when a passer- by are 
moving from left to right and from righk tr, left, we can 
find out the sequcnccs 

W... 011..122..233..100..0 
ad 

(6) 

OO... 033..322..211..100..0 (7) 

respectiwety. When a passer-by are standing, we can find 
wt he sequence 

oo... 022...200.,0 (8) 

When two passers-by are crossing each othcr, we can 
find wl Ihe qucnce 

An example of noise elimination is shewn in Fig3 ~..,Ol1,.l22..233..322..21l..I00..100..0 (9) 
in case N=3. m 

OO... O33..322..21I..122..233..300..100..0 (10) 
Q 0 0 1 0 1 1 1 1 0 0 0  
0 0 0 0 0 0 1 1 1 1 0 0  Observing the direction data, we can recognize in 
O O O l O O I l l l O O  which direclion the passer-by is moving who is 
O l O l O l l l l l 0 0  associated w i ~ h  each dimlion data. 

(a) Binarired density values 

(b) Elimination ol horizontal noises 

(c) Elimination 01 vertical noises 

Flg.3 An example of noise elimination 

3.2 Extraction of  moving direction 
We consider two dimensional array plj,i] where the 

value of ij,i]-element is equal to zG)[il. Associaling the 
value of li,i)elcrnent w i h  Lhe density value of h e  pixel 
on the jth row of the ith cotumn and displaying pQ,i] 
on the monitor, we can get h e  Iocus Lne that represenls 
the movcment of a passer-by in the dispIayed image. 
H a ,  we call h ptjjl a passer-by data. 

Next, considering he twodirncnsional array dfj,i], 
when: the value of hi]-element i s  caIculated as shown 
in Eq.15). 

(a) Passer-by data(p[j,ij). 

(b) Direction data(d[j,il). 

Flg. 4 An example of dtection data 

3.3 Extraction of locus line 
In Eq.(b). a11 the nurnbcrs of 1. 2 and 3 arc 

msCormcd to 1. In Eq.(7), all h e  nurnhrs of 1, 2 and 
3 are mslormed lo 2. In Eq.(8), a11 Lhc numhrs of 1 
and 2 on the leh of rhc run of number 3 are transformed 
to 1. and all b e  numbers of 2 and 1 on he right of h e  



nm of n u m b  3 are transformed to 2. In Eq.(9), a11 the 
n u m b s  or 3 and 2 on Lhc left of Lhe run of numkr 1 
arc mmslomed to 2. and all Lhe numkm of 2 and 3 on 
the right of thc run of number I arc transformed te 1 .  
A13 thc other numbcts of dli j l  are transformed 10 0. k t  
thc modified d[i J) bc designated l[i j] and we call il a 
locus dala 

Each value of lf i  j] has the information about the 
dimtion in which the associated passw-by are walking. 
If  a passer-by are walking lmrn lcfl to righl the locus 
data are qual  to 1. If  a passer-by arc walking b r n  right 
to left. the Iocus dam arc qua1 to 2. Fig. 5 shows the 
result where this transformation is applied to the 
example of Fig. 4. 

In h i s  way, we can extract a locus line rhai i s  
avaiated with each passer-by. 

Flg. 5 An example ol extracting locus lines 

4 Measurement of parameters 

4.1 Number of  passers-by and moving 
direction 

The locus dam incIude the locus line associated with 
a passcr-by. By generating the label every rime when 
thc locus line mum and propagating h c  labcl dmg Ihc 
locus line, we can recognize each passer-by. If the Imus 
Iine is disconnected as shown in Fig. 5 ,  wc can connwt 
this disconnccwd locus line by considering its localion 
and t h c  tion. 

By counting the numbx of the generated lakls, we 
can measure Ihc number of passers-by. Since the each 
locus data have the information about h e  moving 
direction, wc can concumnll y measure the moving 
di i t ion  of cach passer-by. 

4.2.Moring speed 
The gradient of [he locus Iine is reflected by the 

moving speed of a passer-by. But the relationship 
between Lhc moving speed and h e  gradient of Ihe locus 
line depends on the dismce betwccn h e  passer-by and 
the ITV camera. Since i t  is difficult to calculate this 
relationship in a simple way, we discussed the othcr 
method in Lhe rolIowing[5]. 

We define somc pmetcrs  in the scene laken by the 
l T V m a  

h: Lhc numkr OF pixels that exist bctween the 
bortorn and the ccntcr of the a n d =  128X 

k: the number or pixcls that exis6 betwecn the 
boltom or the scene and the fm of a passer-by. 

I: h e  distance betwocn the ITV camera and the place 
lhat is displaycd at thc bottom of the scene, 

x: the dirancc blwecn the TTV cam= and a passer- . 
by, 

0: Camcw anglc 12. 

k t  the moving distance oFa passer-by be dcsignalcd 
YI 

y=2hkonW(h-k) (10) 

If  1 is measured in advance, we can calculate thc 
moving dislance while a passer-by appears and hen  
disappears in the scene. Since the pcrid t during which 
a passcr-by appears and then djsapprs  in the scwtc an 
bc easily rnearured, wc wn calculate the moving spxd s 
of a passer-by as shown in Eq.(12), 

5. Experimental results 

When performing the experiment. we assumed h a t  
AL in Eq.(2) is equal to 3 and N in Eq.(3) is equal lo 3. 

5.1 Number of passers-by and moving 
direction 

We considered two caws where the d l i c  flow is 
heavy and light respeciively, and performed the 
experiment in a c h  case. 

The results in tho heavy traflie flow and Iight traffic 
flow arc shown in Tablc 2 and Table 3, rcspcctively. 

Table 2 Resurts of measurernent(heavy trafl k) 

Direction : Rihl -r Lefl Left -> RigM 
P I = = C I = I I P D t E = 5 1 P I I P m m D E ¶ I P = 4 4 i I = = I =  

Real 130 22 
Meastaed 1 07 16 
Difference -23 4 

Table 3 Results of rneasuremant(ligh1 traffic) 

Direction : RigM -S Left Left -z RigM 
I l l a P = r T e t = E P = I P I I C s = = = - I = = ~ s = ~ = P = = I .  

Reat 19 23 
Meamred 19 21 
I3weret-m 0 -2 

5.2 Moving speed 
Tablc 4 shows the tcsuI& where the moving s p d  

of randomly selected 5 passers-by was measured. The 
m r  sakes of h e  period, moving distancc and moving 
speed are from 0 to 7.5%, from -2.4% to 16.9% and 
from -8.1% lo 16.7% mpccdvcly. 

5.3 discussions 
5.3.1 Number of passers-try 
We can find out from Table 3 and Table 4 lhat hen: 

never exists h e  case when: the rncaswcd number of 
pasxrs-b y was greatcr than Lhc real: number of passers- 
by. Thc error rale in case of light trdfic is small, but 
h e  ermt rarc in case of heavy varfic is large, This is 
why whcn some pxsers-by arc overlapped, our systcrn 
cannot recognize each passer-by scparatcly and must 
count one for some passers-by. 



Table 4 Resun of measurement 

No. Tme(s) D e m I m I  SpeedFmrs) 

R d  2.3 4.1 6.4 
1 Measured 2.4 4.1 6.2 

Diffcrence 0.1 0.0 -0.2 

Real 4.0 4.1 3.7 
2 MeasuFed 4.3 4.0 3.4 

Diffcrcnce 0.3 -0.1 4.3 
-- 

Real 2.4 4.1 6 2 
3 Measured 2.5 4.1 5 -9 

Qiliemce 0.1 0.0 -0.3 

Real 7.8 7.7 3.6 
4 Mmurad 7.9 7.9 3.6 

Difference 0.1 0.2 0.0 
- - 

RcaE 2.2 7.7 12.6 
5 Measurcd 2.2 9.0 14.7 

Dilrerence 0.0 1.3 2.1 

To meet this problem. we are discussing the 
methods that ( 1 )  the density values of  he legs of 
passcrs-by are taken, and the number of legs is counted. 
and (2) two images are laken by using two ITV cameras 
and Ll~n hcse images arc analyzed hm-bmensiodly. 

5.3.2 Moving speed 
We can fmd out from Table 5 that ~e moving speed 

of all passers-by muld be measured wirhin an amptable 
emr range except for one passer-by@assct-by number 5 
in Table 4). Sincc this passer-by was running and 
s d c  over checking poinr~, walking distance could not 
bc measured preciously. To meel Uiis problem, more 
checking point5 have ID lx phced In the scene laken by 
thc ITV camera 

Thcrc cxisted two case where the moving speed 
could not bc measured. In one case. since a passer-by 
was running, the locus line was disconnected so long 
h a t  ia could not be correctly traced. In  the other case, 
since a passer-by waq wtstcpped by the other passer-by. 
Ihc locus line could n a  be correctly wed. To meet h e  
former problem, wc have to i n m u c e  a more powcrful 
PC. To meet h e  Ialkr problem, we have to dcvise a 
mcrhod that can c m t l y  trilce h e  locus line even i f  he 
pas--by are ovcrEappcd. 

6. Conclusion 

I n  this mearch. we studied h e  measurement syslern 
where such primitive Wfic parameters as be  n u m b  of 
passers-by, Lhcir moving d~rmtian and moving speed 
can be measured by processing a 1TV image with a 
prsonal  cornpuler. 

In his mcfid,  the malt and restricted area of Lhc 
sccne Laken by the 1TV camcra is processed, and the 
movement of passers-by is obserrcd in the form of a 
locus line. By counling the n u m k r  of locus lines and 
calculating the gradient of h e  locus lines. h e  n u m b  
of passers-by is mcasured mgehcr with Lhe moving 

direction. Thc moving s@ of a passcr-by is calculalcd 
by measuring lhe period during which Lhc passcr-by 
appears and lhen disappears in the scenc. Since it is very 
easy to imp1emenl lhesc algorithms, the above 
rnentiond parameters can kc rncasud in real tirnc and 
concurrently. 

Using this system, we could measure in rcal time 
the number of passers-by, hcit moving direction and 
moving s p x d  within an acccplablc crror rangc in a 
light ~raffic flow. 

In the next resemh stcp, we have to discuss how wc 
can improve this algorithm LO rneaFurc wilh Icsq error 
rate in case of a heavy udlir: flow. Besides, we a e  
digussing Ihe mebod that Ihe lraffic flow ot vchiclcs 
can bc measured using a Lranspuler equippcd in a 
petsonal cornpuler. 
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