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A M E TH O D  FOR A U T O M A T IC  TRA FFIC-STA TE IDENTIFICATION  
FRO M  T H E  DRESDEN LIVE-CAM ERA SYSTEM

The presented paper  wants  to describe a new  solution for the  problem o f  real-time identification 
o f  the  traffic state from live-camera images based on the analysis  o f  stochastic signals. By using the 
Dresden Live-Camera-System which is providing real-time information about the traffic state on 22  focal 
points one is able to analyze a  wide range o f  image types under different and severe conditions . At the 
present time 22 Live-Cameras  are in use from Pim a in southeast until the  north  o f  Dresden and can be 
surveyed at “w ww.in termobi l .o rg” .

M E TO D Y  A U T O M A T Y C Z N E J IDENTYFIKACJI STANU RUCHU  
W  D R EZDEŃSK IM  SYSTEM IE M ONITORINGU

Artykuł opisuje  nowe rozwiązanie  dla  problemu identyfikacji w  czasie  rzeczywis tym stanu ruchu 
z obrazów pochodzących z kamery  w  oparciu o analizę sygnaiów s tochastycznych. Poprzez 
wykorzystanie  drezdeńskiego systemu monitoringu,  który dostarcza informację w  czasie  rzeczywistym 
o stanie ruchu z 22 punktów, istnieje możliwość anal izy szerokiego zakresu ty pów  obrazu w  różnych 
warunkach. Obecnie  22  kamery  znajdują  się w  eksploatacji w  Dreźnie i m o g ą  być ś ledzone na stronie 
internetowej www.in term obi l .o rg .

1. IN TRODUCTION

Video D etection System s allow  cost effective real-tim e detection o f  traffic state on focal 
points. The operation o f  such system s leads to som e advantages. A t first the system s enable 
the information about the occurrence and the cause and effect o f  incidents. The second 
advantage it the w ide-range capability. Therefore the surveillance and detection is faster and 
more efficient com pared to  inductive loops. The m easurem ent spots can be m odified with less 
effort and expenses. The th ird  advantage is the saving o f  costs. The am ount o f  virtual sensors 
per camera is only lim ited by  the hardw are perform ance. In the last 5 - 1 0  years a lot o f
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system s for video-based traffic state identification are developed. System s like V antage from 
Iteris [3], the Traficon V ideo Im age Processor [2] and the A uto Scope System  from Data 
C ollect [1 ] are established. A  lot o f  publications [4]-[ 17] dealing w ith further refining o f  these 
system s, and developm ent and application o f  new  methods. Com m on used techniques as 
pattern- and edge recognition  have disadvantages in the case o f  screening o f  vehicles in line
ups. The present w ork w ants to  contribute a new  solution based on the analysis o f  stochastic 
signals. Figure Fig.3 show s tw o virtual sensors as they are used in the presented m ethod. The 
Dresden L ive-C am era-System  includes 22 focal points until now. This count o f  images 
overextended the observer so that autom ated selection is necessary. On the other hand one can 
not receive the velocity, trend and travel tim e from live-cam era im ages from  traffic light 
controlled lanes. But these are the interesting values for traffic-m anagem ent and private users. 
T herefore a new  approach for tackling this problem  will be introduced in the follow ing paper. 
It is strived the developm ent o f  a robust m ethod w hich is w orking in real tim e and can be 
im plem ented in a cam era com puter. The follow ing figure illustrates this aim.

a
i

□  □ □ □ □  liv e -c a m e rai 1  i 1  i < 1 i------ 1 im ag es

c a m e r a  c o m p u t e r

I Z I

i
□ tra ffic  s ta te  v a r ia b le s

L_

t r a n s m is s io n  v ia  W - L A N

Fig. 1. T he  aim o f  the  presented work

2. M ETHO DO LOG Y

2.1. G E T T IN G  IM AGES

The used cam era is a C olour-C C D -C am era (Sony FCB-IX 47) w ith 18-tim es optical and 
4-tim es digital zoom . The focal length is from 4.1 mm to 78.8 mm . The angle o f  view  varies 
from 2.7° to  48°. The current im age is stored in the cam era com puter. W hen a new  im age was 
stored the interpretation o f  the im age starts event controlled. The present im age will be 
replaced w ith the follow ing one. The tim e interval betw een tw o im ages is about 2 seconds. 
For the purpose o f  velocity  determ ination the data from tw o successive im ages will be 
evaluated. For the com putation o f  traffic density  and em pty road detection only the present 
im age is used.
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2.2. SIG N A L  G E N E R A T IO N  A N D  PR E-PROCE SSING

The signal generation is based on grey or colour tones. The area in the im age to be 
evaluated is described by  a poly-line. This is called m easurem ent line. The grey tones or r-g-b 
colour tones o f  the p ixels on the m easurem ent line create a stochastic signal. The grey/colour 
tones are a stochastic variable defined from 0-255. They are stochastic because num ber, 
properties and places o f  the vehicles are not predictable. This variable w ith the pixels index as 
argument creates a stochastic signal - the grey tone function. It is representing the vehicles in 
the observed area spatial and tem poral. The successively determ inated grey-tone functions 
form the stochastic process ’’grey tones on the m easurem ent line“ . C aused by the variable 
conditions this process is non-static. It will be transform ed into a static process by centring on 
the arithmetic m ean value. The cam era position causes a distortion o f  the im age contents. This 
distortion is also represented in the grey-tone function and will be transform ed in a non 
distorted function. Now  w e have discrete, mean value free stochastic signals. These signals 
realise a discrete static stochastic process. The w ork up o f  the signals allow s m ethods o f  the 
theories o f  stochastic processes.

2.3. SIGN A L P R OCESSING

The signal processing consist o f  three parts. The determ ination o f  the mean spatial 
temporal traffic stream  velocity, the determ ination o f  the traffic density  and the determ ination 
of the state: lane occupied/ non occupied. The following sections illustrate the m ethodology 
of these algorithm s.

2.3.1. VEL O CITY

The determ ination o f  the velocity  is based on the grey-tone functions o f  tw o follow ing 
images. These functions are called x„ and y„. where n means the index o f  the pixels. W ith 
these tw o functions we have a tw o-dim ensional stochastic process. The description o f  this 
process is done as usual by distributions and mom ents. In contrast to fam iliar considerations 
the signals are path-dependent, no t tim e-dependent. Therefore the tim e t as argum ent is 
replaced by n or m:

n = s / A s  (1)

Where s m eans the length o f  the m easurem ent line and As m eans the length o f  a single pixel. 
There are f(x„) and f(yn) the probability  distribution density functions o f  the discrete 
stochastic functions x„ and yn. In order to get inform ation about the relation betw een the 
values o f  the signals the cross-correlation function is calculated.

R ,y  ((*  -  /A XT -  M y  )) = R y y  ( « ) = £  O,,, ~  Hx )(v„ ~  H y  ) / 0 „ ,  )/(V „ ) (2)
n

The precise know ledge about the distribution functions is not available. Therefore the exact 
cross-correlation function will be replaced b y  an estim ated function w hile the ergodicity  is 
assumed. The estim ation is unbiased when the process is static and the m ean value is known.
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Therefore the estim ated mean value is used.

(3)

(4)

(5)

1
Rv (/?) ~ w Xy-+p -  A- )'V p 11 = 1

(6)

The displacem ent in pixels m eans p. The validity  p roof is done in [24] page 230 and next. The 
principle o f  velocity  determ ination is explainable now . An im portant property o f  the CCF is 
the ability o f  show ing the identity  o f  signals depending on there argum ents. The major 
equality corresponds w ith the m axim um  o f the CCF. In our case the argum ents are the index 
o f  pixels on the m easurem ent line. T hat is w hy the CCF is able to report the sim ilarity  o f  x„ 
and yn depending on there displacem ent. From this it follow s that the m ovem ent o f  vehicles 
w hich are represented  in x„ and y„ can be  recognized by  the CCF. A fter calculating the CCF 
with the grey tone functions x„ and y„ reports the m axim um  o f the C CF the m ovem ent o f  the 
vehicle stream  in pixels. K now ing the resolution (PM S) o f  pixels and the tim e space (At) 
betw een the im ages one gets an estim ated velocity o f  the vehicles stream betw een the record 
o f  the tw o im ages.

The m axim um  o f  the m easurable velocity  is depending on the count o f  pixels, the resolution 
o f  the im age and the tim e space betw een recording the im ages. The count o f  pixels and the 
solution are situated in the denom inator o f  (7). Therefore w e have depending on the situation 
a m inim um  count o f  pixels. In o ther w ords: The observed lane m ust present a minimum 
length. As a result the tim e At has a m axim um  value. D eficits o f  the denom inator values can 
be adjusted by  the nom inator value.

A t first the grey tone function will be filtered. The filter replaces signal components 
w hich are no t representing  vehicle inform ation w ith zero values. B ased on the assum ption that 
signal parts less then a fraction o f  the m axim um  o f  the grey tone function do n ’t contain 
inform ation about vehicles they  can be replaced by zero values. The size o f  this fraction is the 
only param eter o f  the filter. A fter filtering the signal the num ber o f  zero-crossings is counted. 
This count is depending on the am ount o f  vehicles in the observed area. By scaling it one will 
get an estim ation o f  the real count o f  vehicles. This can be easily converted into the traffic

2.3.2. TR A F F IC  DEN SITY
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density. The calculation o f  the fraction param eter is done when vehicles are present. 
Therefore different lightning conditions are respected.

2.3.3. LANE O C CU PA T IO N

The cross-correlation reports a velocity o f  zero in two cases: the first one is the traffic 
congestion. The second one is the em pty lane. To distinguish these tw o cases an extra 
algorithm is necessary. The idea is based on the observation that vehicles cause m ore colours 
in the im age than the em pty lane has. It can be shown that the r-g-b-colours are correlated so 
that one can use only tw o o f  them . The follow ing figure shows the result o f  an investigation 
of this idea. Figure Fig.2-a contains the green and red values o f  a grey tone function 
describing vehicles on the lane. Figure Fig.2-b show s the same inform ation w hile the lane was 
empty. O bviously there is a difference. To be able to calculate som e things the cluster o f  
points are transform ed into ellipses (Fig.2-c and Fig.2-d). Now we can use the length o f  the 
big axis o f  the ellipse as inform ation w hether the lane is occupied or not. The length o f  the 
ellipses big axis is specified by extensive statistical w ork w hich is not introduced here.

green v > 0

red red

Fig.2. Colour  dependence

red
green v > 0

green v = 0

red
green v = 0
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3. EX PER IM EN TA L TEST

A fter scrutinizing the m ethod w ith in advance stored im age-sequences since M ay 2003 
the algorithm  is im plem ented  on four locations in Dresden. O ne o f  the selected points is 
show n in Fig.3. The follow ing results investigated on M ay, 11th 2003 on this location. There 
tw o traffic congestions detected  on sensor 0 .

Fig.3. Test  scene

The m ethod enables distinction o f  different traffic states such us free flow , heavy flow , stop 
and go. D eterm ination o f  single vehicle data or vehicle classification is no t possible and 
purchased by  robustness o f  the m ethod. The red  curve show s the calculated velocity  o f  the 
traffic stream  after filtering it. C onditioned by different influences the raw  data swaying 
around a m ean value. T herefore the filtering o f  the data is necessary. On the o ther hand traffic 
lights cause a stop and go behaviour w hich m ust be elim inated fort the purpose o f  traffic state 
identification by the sam e filter. It is a digital IIR-Filter w ith a critical frequency o f  0.003 Hz. 
That causes an elim ination o f  signal com ponents less then 5 m in cycle duration.
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Fig.4. Calculated velocity, t raffic densi ty  and level-of-service

The maximal velocity  observed is about 20 km/h. This is plausible because o f  perm itted 30 
km/h. The difference betw een 20 km /h and 30 km /h indicates the influence o f  the traffic light 
and illustrates that w e calculate a spatial and temporal average velocity. D ividing this 
maximal velocity in to three parts enables to recognize level o f  service. The result is show n in 
the horizontal yellow /green/ red line. The calculated course o f  the velocity  show s a sag in 
level o f  service red  below  5 km/h. C onfirm ing o f  the tw o traffic congestions w as done by 
comparing w ith the stored live cam era im ages. The calculated spatial and tem poral velocity  o f 
the traffic stream is hardly understandable for drivers because there is no obvious relation to  
the speed o f  a single vehicle. Therefore the travel tim e also will be calculated. The relation 
between velocity  and traffic density  can be described by different m odels. There are tw o 
common features o f  all these m odels. The increase o f  density causes a decrease o f  velocity 
and the m axim um  density  is reached for a velocity o f  zero. In order to  get the corresponding 
model for the observed lane the velocity  is shown in relation to  the traffic density in Fig.5.
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Fig.5. Velocity/density  model

The resulting graph com es ou t in a qualitatively and quantitatively right m anner. Remarkably 
the graph is a closed curve w ith hysteresis related transitions betw een the traffic states. 
A nother type o f  a traffic state m odel is the so called fundam ental diagram . This is the graph 
with the occupancy [vehicles/tim e] on the ordinate and traffic density on the abscissa. The 
occupancy q is calculated  w ith the continuous equation

q - v d .  (8)

q [vehicles/h]

°  I ! . I .  * I I . i ' ! I T '  I '  f

15:00:00 16:00:00 17:00:00 18:00:00 19:00:00 20:00:00 21:00:C

Fig.6.  Calcula ted occupancy
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At this the used v and d values m ust be tem poral and spatial values w hat is com plied. F ig .6 

shows the calculated occupancy. The fundam ental diagram  has the follow ing lookout, 
q [vehicles/h]

150
d [vehicles/km]

Fig.7. Fundamenta l diagram

The dotted curve is show ing the possible form derived from  the G reenshild model. The 
maximum o f the curve is situated on the density dx . This density divides the q/d plane into 
two parts o f the stable (left) and non-stable (right) traffic flow. Rem arkable are the tw o traffic 
congestions in the non-stable area. Increase o f straight line g means the free flow velocity and 
was calculated to 24 km/h.

4. C ON CLU SIO NS

This paper introduces a new  approach for autom atic im age analysis for traffic-state 
identification. The m ethodology is based on the evaluation o f stochastic signals derived from 
grey tones o f m easurem ent lines defined on the live-cam era im age. The outcom e o f  the 
identification is a spatial-tem poral traffic stream  velocity, traffic density and inform ation 
containing lane occupied/ not occupied. The data are filtered by a digital IIR-Low  Pass to 
eliminate influences from  traffic lights. M oreover a level-of-service, travel-tim e and trend 
infonnation can be derived. T he results are discussed on the fundam ental diagram  and the 
speed/density relation. These days the algorithm  is im plem ented on four focal points o f the 
Dresden Live-C am era-System . Future w ork will include application on motorw ays.
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