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Abstract— Road traffic safety is one of the priorities in 

development of intelligent transport systems. Collision warning 

devices, which operate on the basis of integrated use of satellite 

navigation and vehicle-to-vehicle communication (V2V), are 

intended to supplement the existing driver-assisting systems. The 

present article proposes an algorithm of safe passage of 

uncontrolled road intersection using information obtained by 

means of the GPS and V2V. 
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I.  INTRODUCTION  

Despite the rapid qualitative and quantitative development 
of automobile transport throughout the world, the issue of 
ensuring road traffic safety is the most topical in today’s 
context. Design of intelligent transport system as a set of 
measures for road traffic safety optimization, is the most 
promising area.   Recent progress in the field of 
communication and navigation systems and the development of 
information technologies have helped create devices ensuring 
safe and comfortable driving conditions for a motor vehicle 
driver. 

Of the whole variety of driving situations, passage of an 
uncontrolled road intersection is the most dangerous. Besides, 
poor visibility due to roadside structures, unfavourable weather 
conditions, and the driver’s inadequate judgement of a distance 
to an approaching vehicle and of its speed may increase the risk 
of a road accident.  

Intersection collision prevention algorithms are based on 
exchange of information about the location, speed, course 
angle and other parameters of all the participants of the traffic 
movement with the aim of its further analysis. Additionally, an 
intersection configuration may be used, which is either 
specified in the digital map or transferred by the road side 
equipment. The algorithms, which are presented in [1] and [2], 
provide for the use of road infrastructure. The given algorithms 
require the use of a set of road traffic sensors, infrared 
transmitters and the V2I (vehicle-to-infrastructure) 
communication system. Algorithm which is presented in [3] is 
based on GPS and pre-collected information from car’s 
sensors. The collision warning algorithm, as described in [4], is 
based on forecasting of a minimum distance between the 
moving transport vehicles and its comparison with the 
predefined safe distance.  However, the said algorithm does not 

take into account the overall sizes of motor vehicles, which, 
under dense traffic conditions, prevents optimal use of an 
intersection.  The applicability of vehicle-to-vehicle 
communication based on a 5.8GHz DSRC (Dedicated Short 
Range Communication) system for information exchange in a 
built-up area is evaluated in [5].  This article suggest further 
development of the intersection collision warning algorithm 
based on information exchange by means of vehicle-to-vehicle 
communication. 

II. INFORMATION RECEIPT AND EXCHANGE 

Data on a vehicle’s location, speed, and movement 
direction is obtained by means of the GPS.  The GPS 
information update rate depends on the employed receiver and 
lies within the limits of 0.1-1.0Hz. Location information 
received by means of a satellite system, i.e. geographical 
latitude, longitude and altitude, is expressed in the format of 
WGS-84. Accuracy of detecting location coordinates by a local 
GPS receiver cannot be better than 10-15 m, depending on 
circumstances. On this basis, for the purpose of solving the task 
of accident alert, a real-time GPS featuring differential 
correction of navigation parameters – the so-called DGPS – 
should be used, which provides detection accuracy of 
approximately 0.5 meter.   

 To solve the problem of collision warning on a plane, one 
must accomplish a successive transition to the ENU (east-
north-up) coordinate system as described in [6]. The zero 
(origin) point is taken to be the location of the antenna of a 
GPS-receiver. 

Exchange of information required for the algorithm is 
achieved by means a vehicle-to-vehicle (V2V) communication 
system. Physical and data link layers for such exchange are 
regulated by IEEE802.11p standard.  Message contents, 
intervals and priority are defined by Standard SAE J2735. 

For transmission of information about vehicle coordinates 
in terms of the SAE J2735 Standard, the so-called BSM (Basic 
Safety Message) is used [7]. The message is transmitted in a 
broadcast mode at the interval of 100ms. In addition to the 
information about the vehicle’s location, the message contains 
data on the vehicle’s speed, course angle north-up, status of the 
brake lights, overall sizes of the vehicle, etc. 



III. CAR MODEL 

For the purposes of establishing a safety criterion, it is 
worthwhile plotting a vehicle not as a single point coinciding 
with the GPS antenna location, but as a certain rectangle 
representing not just the overall sizes of a vehicle but also a 
certain predefined safety zone, which will determine the 
minimum allowable distance between vehicles as shown in 
Fig.1.

 

Fig. 1. Car model with predefined safety zone 

 Here, Point A is the location of a GPS antenna, Lf – 
distance to the front limit of a safety zone, Le – distance to the 
end limit of a safety zone, Wr – distance to the right-side limit 
of the safety zone, and Wl - distance to the left-side limit of the 
safety zone. Vehicle orientation on a plane is determined by the 
course angle φ, i.e. one of the parameters received from the 
GPS.  

 The coordinates of outer extremities are established using 
the following ratios (1) and (2): 
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where XA and YA are the GPS antenna location coordinates.   

  The resultant geometrical model of a transport vehicle will 
be used in solving the problem of prevention of collisions. It 
should be noted, however, that the given model takes no note 
of slippage or skidding, i.e., the vehicle’s centre line coincides 
with the movement direction. 

IV. ESTABLISHMENT OF SAFETY CRITERION 

By applying the above model to all motor vehicles 
participating in the traffic movement, one may establish an 
overall traffic safety criterion. Mutual arrangement of two 
moving vehicles is shown in Fig.2.  

 

Fig. 2. Mutual arrangement of two moving vehicles  

The main prerequisite for prevention of motor vehicle 
collisions is that there must be no simultaneous overlapping of 
the projections of two vehicles along the axes X and Y as 
shown in Fig.3. 

 

Fig. 3. Two cars projection’s overlapping  



For mathematical representation of this prerequisite, one 
must formulate the SX (t) and SY (t) functions, which determine 
the overlapping of the vehicles’ projections along the axes X 
and Y respectively (3): 
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Here, LX and LY are established as follows (4): 

                      
[ ]
[ ]




−=

−=

)()(

)()(

YMINYMAXL

XMINXMAXL

Y

X
,                         (4) 

where { }22221111 ,,,,,,, EDCBEDCB XXXXXXXXX = , 

{ }22221111 ,,,,,,, EDCBEDCB YYYYYYYYY = . 

L1X, L2X and L1Y, L2Y respectively (5): 
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where  { }1111 ,,,1 EDCB XXXXX = , { }1111 ,,,1 EDCB YYYYY = , 

{ }2222 ,,,2 EDCB XXXXX = , { }2222 ,,,2 EDCB YYYYY = . 

An example of projections to the axis X and the values 
established in (4) and (5) are shown in Fig.4.  

As a result, the SX (t) and SY (t) functions shall be specified 
as follows (6): 
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Fig. 4.  Example of projections to the axis X  

Thus, having analyzed the time-dependent behaviour of the SX 

(t) and SY (t) functions, we conclude that the traffic movement 
is safe. That is to say, whenever the prerequisite is met (7): 

                             0)( >tSX  OR 0)( >tSY ,                         (7) 

the traffic movement may be accepted as safe at any point of 
time. The SX (t) and SY (t) functions must be analysed pairwise 
for all transport vehicles participating in the road traffic (the 
ones we have information about). 

V. SIMULATION OF A DRIVING SITUATION 

 There are several possible scenarios crossing the 
intersection: movement with a stopping at the border of 
intersection, turn right, turn left, etc. In this article we will 
consider the situation crossing the intersection without stopping 
in the forward direction. 

Fig. 5 presents a typical driving situation where one’s 
(own) Vehicle No 1 is approaching an uncontrolled intersection 
to cross it.  

To evaluate the safety of the intersection passage, one 

must formulate an equation of motion for one’s own vehicle 

(8):                 
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For other participants, the equation of motion will be as follows 
(9):  
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Fig. 5. Typical driving situation  



 

 The graphs in Fig.6 reflect the dependence of the SX (t) and 
SY (t) functions pairwise for Vehicles No 1 and No 2, and 
Vehicles No 1 and  No 3.   

 

Fig. 6. Dependence of the SX (t) and SY (t) functions from the time  

 

The parameters of all the vehicles are given in Table 1. 

TABLE I.  VEHICLES’ PARAMETERS 

Car 
No 

Lf,m Le,m Wl,m Wr,m X0,m Y0,m V,m/s 

1 1 3 1 1 0 0 13.5 

2 1 3 1 1 -100 100 13.89 

3 1 3 1 1 95 105 13.89 

 

 The graphs show it quite clearly that, the cars’ parameters 
being as aforesaid, there is a strong likelihood of a collision 
between Vehicle No 1 (one’s own) and Vehicle No 2.  
According to the Road Traffic Rules, the main operation for 
prevention of a danger situation on the road is braking.  
Therefore, the warning system must suggest that the driver 
should slow down the car speed to such level as specified by 
the established safety criterion as shown in Fig.7.   

 Slowing down the speed of one’s car to 13.05m/s will 
ensure completely safe passage of the intersection.  

 

 

 

 

 

 

 

Fig. 7.  Dependence of the SX (t) and SY (t) with v1=13.05 m/s  

VI.  CONCLUSION 

 

 The given work has provided a safety criterion for safe 
passage of an uncontrolled road intersection based on 
information about the car sizes and vehicle movement 
parameters. Further research will make use of the specified 
collision warning algorithm for passing an intersection from 
halting, in forward movement and with turns. 
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