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SELECTED ASPECTS OF ROAD VEHICLE LOCALISATION 

 

The article discusses possibilities of integrating techniques for optical recognition of vehicles, e.g. by automatic number 

plate analysis, with data transmission via wireless mobile networks in order to create mobility patterns for objects of interest. 

The collected data may be interpolated to fill gaps and to prove the coincidence of the observed vehicle’s presence at selected  

places with other events. Further, course prediction by means of extrapolation may be attempted. Several theoretical and prac-

tical aspects of data acquisition, transmission and analysis are studied in this article. 

 

INTRODUCTION 

In recent years, remote access to data of mobile objects such as 
cars or motorcycles has gained more and more importance. Basic 
data provided by AVL (Automatic Vehicle Localization) are position 
and speed, but in Telematics also other options may be relevant for 
applications, e.g. number and identity of passengers, weight of 
freight, physical state of engine, tires, lights etc. Usually, one as-
sumes that position data are provided by GPS and electronically 
transmitted with authorization of the vehicle’s owner and or driver. 
There are, however, exceptions, mostly in the context of illegal activ-
ities. In such cases covert surveillance may be required and author-
ized. 

In the last decade, the tracing of objects by means of electronic 
signals has found most attention in the literature. For instance, mobile 
phones of the driver or passengers may be localized, and that way 
positions can be collected, and hence orbits of motion constructed. 
This type of information may be used as proof for the presence of 
persons of interest at places of interest in the past. Provided sufficient 
regularity of the pattern of motion, also future positions may be pre-
dicted – with a certain margin of error, of course. 

If none of the above mentioned options are available, what re-
mains is optical registration by sight. Here ANPR (Automatic Number 
Plate Recognition) is a major topic. Of course, from the point of view 
of Telematics and Telecommunication, the acquisition of visual data 
and their transmission from the field into the CC (Computation Cen-
ter) is of great importance. Possible sources of data for ANPR are 
photo-radars, traffic monitoring cameras at cross-roads, but also mo-
bile cameras as for instance dashcams installed on buses or in pri-
vate/civil cars are worth consideration.  

Systems that use visual identification of that type, e.g. Kaleido-
scope in the United States, are still at a very early stage of develop-
ment. In Poland, there is the concept of RETINA, described closer in 
[1-12], but no relevant implementation is yet in sight. The aim of the 
present article is to discuss the state of the art of the available ele-
ments essential for the functionality of a visual observation network. 

1. OBSERVATION POINTS 

Several classes of observation equipment have to be distin-
guished. First of all, there are existing cameras, like classical photo-
radar posts. They can be adopted to send their image data via wire-
less or cable network connection to the Operation Center of the Ob-
servation Network. Then, there are observation points, called I2CUs 
(Intelligent Interconnected Camera Units), which are assumed to be 

intelligent in the sense that they should be equipped to process the 
data they acquire on site [6, 9, 11]. This way they can broadcast a 
message exactly when there is a sighting of a vehicle from the actual 
list of wanted objects, instead of having to broadcast all visual mate-
rial. Obviously, such points have to be equipped with processing 
power to recognize the objects sighted, compare with wanted objects 
and make intelligent decisions about what data to send and what to 
reject. This second option requires much higher investments, on the 
other hand, it saves considerably on data transmission during the 
whole period of exploitation. A third type of image sources is becom-
ing quickly available in the form of so-called dash-cams. In particular 
in Russia and the United Kingdom, they are already very popular, 
also in Poland more and more drivers install them at their windscreen, 
mostly for legal disputes after accidents. Recordings from such com-
munity sources are not directly accessible for the Observation Net-
work’s operator, however, often they are shared via cloud services, 
so that they can be taken into consideration as a growing source of 
information on vehicle positions.  

In aby case, the total number of observers plays a crucial role 
for the quality of the reconstructed trajectories of motion of particular 
road vehicles. Fig. 1 shows a sketch of Poland’s major roads. All to-
gether there is 3129 km of motorways and highways to cover [24]. 
Additionally, there is also a length 28 536 km of state roads [25], not 
show on the map below.  

 

 
Fig. 1. Road net to cover in Poland (10.2016) [22] 

 
Existing traffic cams we can see e.g. on the website of the Gen-

eral Direction for National Roads and Motorways [23]. Previous sim-
ulations on synthetic road nets made clear, that more observers will 
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be needed in order to ensure useful results. Our simulations focus on 
state-wide motion, not on inner city movements, where the high den-
sity of streets requires even higher numbers of cameras. 

While the location of existing traffic surveillance cameras is 
given, sites for the installation of new I2CUs may be chosen as to  
optimize the performance of the network. Proposed observer posi-
tions for Masovia are given in Fig. 2.  

 

 
Fig. 2. I2CU positions for Masovia  

 
The influence of the choice of locations on the performance of 

the network was studied in [1, 2, 9, 10]. It has to be mentioned, how-
ever, that optimization of locations is always based on assumptions 
on the behavior of the objects that are to be traced. If these assump-
tions are not valid, the results may be worse than expected. In partic-
ular, if the existence of the observation network and the observer lo-
cations are known, they can be deliberately avoided. This learning 
effect of the observed vehicle/driver units renders a static operation 
of a surveillance network ineffective. Mobile observers, on the other 
hand, are much harder to avoid, so they may become in the near 
future a real alternative to static camera installation. 

A second very important factor is the quality of image material. 
In [3, 6] parameters of existing cameras have been collected and 
compared, like [13]. In [2] it was shown that there are available cam-
eras with sufficient resolution and sensitivity at an acceptable price 
level.  

2. COMMUNICATION 

Fast communication between OpCenter and observers is a basic 
requirement for the functioning of a surveillance net. The bulk of the 
communication concerns the image data acquired in the field, which 
needs to be uploaded. In the case of intelligent units, also information 
on the wanted vehicle needs to be transmitted, but in the opposite 
direction. 

Taking into account the large number of observation points 
needed to cover any real area of interest, cf. Figs 1 and 2, we decided 
to concentrate on wireless data transmission, rather than on landline 
based connections. Consequently, we need to economize with band-
width, and hence exclude the option of uploading streams of images 
from all observation sites to one central or more distributed servers 
[14]. 

Instead, we restrict data transmissions to the updating of lists of 
wanted vehicles from the OpCenter to the local observation sites. In 
the opposite direction, any event, where and when a searched object 
is sighted, is communicated across the network. 

Even under extreme assumptions, i.e. very high criminal activity, 
the number of data sets to be downloaded per unit of time is small, 
also the size of watch lists to be stored and checked against acquired 
image data is at most of medium size. Further, since the range of 
vision of observation units will be rather small and their number lim-
ited, also the upstream of data from the I2CUs to the server will not 
be too large. 

Taking into account that a network of observation units, if devel-
oped and introduced into practice, will consist of a large number of 
nodes, which will not be installed all the same time, and which will be 
located in areas of different coverage, communication has to include 
heterogeneous components [21], reaching from GSM over UMTS, 
LTE to forthcoming 5G solutions.  

Given this state of the art, we primarily consider the most com-
monly used technologies like GSM and UMTS, with all their revisions 
and upgrades, as technical base for our communication require-
ments. Taking into account the expected amount of data to transfer 
and the time frame to fit, which is defined in the next section, these 
technologies will be sufficient to meet all realistic requirements of en-
visioned applications [16]. 

3. DATA PROCESSING 

In this section we analyze methods for the extrapolation of posi-
tion data acquired by the monitoring system. Implicitly it is assumed 
that (at least most of) the observation sites will not be manned, but 
work fully automatic. On the other hand, a possible objective of trac-
ing e.g. stolen vehicles or such involved in criminal or terroristic ac-
tivities is to intercept them. In order to do so, police forces have to be 
positioned in convenient places, where the vehicle may be expected 
to pass in a short time. 

For its own sake, but also in order to be able to make predictions 
as to future positions of a vehicle, we will approximate its trajectory 
as far as it is known on the basis of the obtained observations from 
the network. Needless to mention that we focus here on a single ve-
hicle, but in the real-world application, the procedure will be applied 
to all items on the watch list. 

 

 
Fig. 3 Road net as restriction 

 
Let x(t), y(t) be the true position coordinates of the vehicle under 

consideration at time t. In most instants of time, the position will be 
out of the reach of any of the observation points [17]. We denote the 
locations of those by (pi, qi). The index i runs from 1 to the total num-
ber of observers. 

We denote the Euclidean distance in the plane by: 
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By R we denote the radius of vision of an observation unit. Now, 

the vehicle is registered at time t by the observation point with index 
i if it is the closest observer and its distance is not to high. This is 
expressed by the two relations (1) and (2) 

   
    Llrtr li ...1,min  , (2) 

   
   Rtri  . (3) 

In the case of localization by identifying mobile phone aboard a 
vehicle, the detection radius R may be of a much larger order of mag-
nitude than in the case of an optical camera. In general we will not 
have a continuous coverage of the vehicle's whereabouts. Further, 
instead of the true position components x(t), y(t) of the mobile object, 
we will just know the positions pi, qi of the active observer, fulfilling 
conditions (1) and (2). The difference, however, will not be large in 
the case of visual identification. 

Between sightings, i.e., whenever none of the observers is close 
enough to register the wanted vehicle, the data needs to be interpo-
lated. A table look up of the last known position is not satisfactory, 
since it results in a discontinuous motion. Hence we calculate for 
each value t where a direct observation is missing an approximate 

position  tx~ ,  ty~ , by piecewise linear interpolation. The approx-

imation error does not exceed R on those intervals, where (1) and (2) 
hold. Unfortunately, without further assumptions on the camera (or 
other observer) locations, no bounds on the error may be given in the 
gaps between such regions. 

It has to be noticed that the interpolated positions may be off the 
given road map. This can be repaired by projecting the interpolated 
positions onto the closest point on a road of the given region, see e.g. 
Fig. 3. In general, if the set of observers is too small, this procedure 
may be not unique. An additional requirement is the continuity of the 
trajectory, which should be preserved by the approximation. 

In order to obtain a rough forecast of the future course of a vehi-
cle, we approximate the recent history of the car’s position by a linear 
or square polynomial for each of the components, geographical lati-
tude and longitude [17]. This way we gain information about the 
speed and direction of the motion of the vehicle. 

 

 
Fig. 4 True, approximated and forecast position coordinates  

 
On the basis of the obtained general direction and speed of pro-

gress of a car, we can infer its possible destination. This in turn al-
lows, together with the knowledge of the road net, to simulate its pos-
sible trajectory towards its destination. Fig. 4 shows a comparison 

between a true trajectory, its approximation on a past interval and a 
forecast for a short time after the last observation. Fig. 5 shown an 
analysis of the numbers of acceptable prognoses, according to a cho-
sen criterion of tolerance in position.  

As a matter of fact, direction and speed, even its destination, 
may change during a ride [15, 18, 19, 20]. A driver may suddenly 
change his mind, he can get new instructions, or road conditions may 
force him to follow another path. We reflect this by including the op-
tion of random choices of exists at intersections in the road map.  

  

 
Fig. 5 Histogram of errors  

 
In order to assess the forecast quality, we generated randomly 

M=10000 trajectories. For each of them, we chose a certain moment, 
from which we make a prognosis over the remaining part of the time 
interval. Next, the prognosis is compared to the exact position. In Fig. 
5 a histogram of the resulting errors – in terms of distance between 
true position and forecast – is shown. We introduced 50 classes, two 
thirds of which are nearly empty.  

Summing up, in the simulation 50% of all forecasts had an ac-
ceptable accuracy. But there happened also rare cases of larger er-
rors. Such cases are due to a combination of bad circumstances in 
grid location and method of prognosis. To eliminate such outliers, 
more observers are needed. Obviously, the error margin grows, when 
the period of the forecast is enlarged. This can’t be reduced by any 
number of observation points – due to the random character of tra-
jectories. 

CONCLUSIONS 

The article is devoted to the problem of constructing motion pat-
terns for mobile objects, at this stage of the projects road vehicles like 
cars and trucks, that are not accessible for electronic localization. As-
suming the existence of a sufficiently high number of observers, sta-
tionary or mobile themselves, it can be attempted to reconstruct tra-
jectories of such road vehicles from timestamps and positions of 
sightings. This objective requires the solution of several tasks like ac-
quisition of photo-material or only basics data (information about the 
sighting), automatic vehicle identification on the basis of visual data, 
fast and reliable transmission of data, and finally the approximation 
of the available time-position information. In previous articles [11, 12], 
techniques for free motion were applied as a first rough attempt. 
Meanwhile motion constrained to a given road network can be con-
sidered, giving an essential refinement of the previous approach. Fur-
ther, the analysis is based now on a real roadmap, as opposed to the 
synthetic cases studied before as a proof of concept. In fact, the pre-
sent investigation was done for the national routes and motorways of 
Masovia. 
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Wybrane aspekty lokalizacji pojazdów drogowych 

W artykule omówiono możliwości integracji techniki op-

tycznego rozpoznawania pojazdów, na przykład przez automa-

tyczną analizę znaków znajdujących się na tablicach rejestra-

cyjnych, z przesyłaniem pozyskanych danych za pośrednic-

twem heterogenicznej sieci telekomunikacyjnej w celu stwo-

rzenia modeli mobilności dla obiektów zainteresowania. Zgro-

madzone dane mogą być interpolowane celem weryfikacji 

obecności obserwowanego pojazdu w wybranych miejscach. 

Ponadto możliwe do określenia są dalsze przebiegi badanej 

trajektorii poprzez ekstrapolację. W artykule przedstawiono 

wybrane teoretyczne i praktyczne aspekty pozyskiwania da-

nych, ich transmisji i analizy. 
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