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Abstract: The present paper evaluates the pre-collision travel speed of a road vehicle, in the event of a frontal collision with a fixed object 

such as a pole. In this regard, the method of video recordings and image processing using Tracker software program is used. In order to 
validate the proposed method, the obtained results are compared to the ones acquired with the use of accelerometers mounted on the inferior 

surface of the vehicle's body. These accelerometers provide a series of real data during the time of the crash, which are then processed in 

order to reduce the anomalies that appear as a consequence of external factors such as vibrations or signal interferences. 
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1. Introduction 

Statistical data gathered globally show that frontal collisions, 
especially those between vehicles and fixed objects cause more 

deaths than any other type of road crashes [1]. In the case of a 

frontal collision with a tree or a pole, the probability for it to 
penetrate the vehicle's cabin, causing deadly head injuries to the 

occupants [2, 3]. 
According to data provided by IIHS (Insurance Institute for 

Highway Safety), only in the United States of America (USA), 20% 
of the deaths caused by road traffic accidents occur from leaving the 

vehicle's trajectory and hitting fixed obstacles from the proximity of 
the road [4]. It is noticed, though, a descendent trend in mortality 

rate, so that in 2018 have been 6% less people killed from road 

accidents, compared to 2017 and 30% less than in 1979. Out of 
these deaths, the main majority came from frontal collisions with 

trees (48%) and poles (12%), respectively [4]. 
When it comes to data provided from the European Union (EU), 

collisions with fixed obstacles from nearby public roads cause 
between 18-50% of the deaths of vehicles' occupants [5]. 

Despite the relatively high incidence of frontal collisions 
between road vehicles and fixed objects such as poles or trees, 

European normative in the field of road safety [5] only regulate the 

testing of vehicle's resistance structure and safety systems for the 
frontal impact with a fixed barrier and, respectively, for the lateral 

impact with a pole at a traveling speed of 29 km/h (NCAP - New 
Car Assessment Programme), the latter being considered a 

secondary impact caused by projecting the vehicle from a primarily 
frontal collision with another fixed object (barrier) or another 

vehicle. 

Hence, this paper proposes a methodology of reconstructing the 
frontal impact between road vehicles and fixed objects such as 

poles, this being a less tackled issue by the current legal 
frameworks. It is aimed to validate a method for determining the 

pre-collision vehicle's velocity, by using a video recording of the 
impact, in order to facilitate the road accidents reconstruction 

process. 
The analysis of video recordings of a given collision represents 

one of the road vehicle accidents reconstruction means [6, 7], thus 

being able to find, after calibrating the obtained images, the 
dynamic parameters of the collision. The specialty literature in the 

field also approaches this research direction from the perspective of 
data analysis acquired from traffic surveillance cameras [8, 9]. 

2. Experimental testing 

The experimental testing has the aim of real data acquisition 

during the timeframe of the frontal impact between the tested 
vehicle and the pole. The main data to be acquired are the 

accelerations the decelerations levels to which the vehicle is 

subjected during the collision and its travel velocity at the time of 
the impact, respectively. Thus, the data obtained from the 

accelerometers represent a starting point for the validation of the 
proposed video processing method in order to determine the pre-

collision vehicle's speed. The experimental tests have been 
conducted within the testing area of the Research and Development 

Institute of Transilvania University of Brașov, Romania [10]. 

 

 

a) 

 

b) 

 

c) 

Fig. 1. Collision phases during the experimental testing [10]: 

a) pre-collision phase; b) the proper collision; c) post-collision phase. 

 

From the experimental test (Fig. 1), there have been obtained a 
series of data regarding the accelerations to which the tested vehicle 

and its two occupants, through the anthropometric testing devices, 
are subjected during the impact. This data has been processed using 

the software programme Accel.exe. The obtained results show an 

unfiltered image of the vehicle's acceleration values during its 
movement, whereas the accelerometers mounted inside the vehicle 

are highly susceptible to shock and vibrations caused by the noisy 
and uneven operation of the powertrain subassemblies. 

The obtained values in terms of vehicle speed, decelerations and 

the total distance traveled during the testing are depicted in  
Figures 2, 3 and 4. 
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Fig. 2. The overall vehicle speed during  

the experimental test. 

 

 
Fig. 3. The overall vehicle's decelerations during  

the experimental testing. 

Figure 3 shows a maximum value of the travel speed reached by 

the vehicle of 11.26 m/s and 40.54 km/h, respectively, recorded at 
the starting point of the loss of speed due to the inertia of the 

vehicle and a maximum deceleration of 49.18 m/s2, recorded at the 
time of impact. 

As the GPS device operates with an error of ±1 m, and from the 

moment of impact until the moment of the total stopping of the 

vehicle, the latter is printed a rotational movement around the pole, 
there is registered a series of abnormal data in the timeframe  

9÷11 s. 

 
Fig. 4. The total distance traveled by the vehicle during  

the experimental test. 

 

The results depicted in Figure 4 show a total vehicle 
displacement of 78.31 m, which includes both the service sector and 

the measurement sector. Also, Figures 2 and 4 show that the 
vehicle's travel velocity, registered in the impact point, varies 

between 10.93÷10.07 m/s and, respectively 39.35÷36.26 km/h. 

Therefore, it can be ascertained that the experimental frontal 

impact testing between a road vehicle and a fixed obstacle provides 
a series of indicative data for a number of parameters, such as 

vehicle velocity, acceleration and movement, throughout the whole 
process. This data further represents a starting point for the 

validation of methods for determining the behaviour of a vehicle in 
the event of such a collision. 

In the following, the value of the pre-collision travel velocity 

measured by the GPS device will be used as a reference, in order to 

verify the accuracy of the proposed method which implies the 
processing of the video recording. 

3. Video processing of the collision 

The processing of the video recording was realized, in the initial 

stage, using the software program Tracker (Fig. 5), which involves 
tracking the vehicle's center of mass that was previously chosen 

throughout the proper collision phase. 

 

 

Fig. 5. Video recording analysis, using the Tracker software program. 

The data thus obtained are then introduced, for further 

processing, in the OriginPro software program (Fig. 6), in order to 
obtain a graphical interpretation of the results for the variation of 

the vehicle's acceleration as a function of time and the distance 

traveled during the testing (in this case, the immediate pre-collision 
phase, the actual collision and the post-collision phase were 

included, the latter representing the rotation of the vehicle around 
the pole). 

 

Fig. 6. Data processing using OriginPro. 

4. Results and conclusions 

Following the processing of the results obtained in the previous 

stage of the study (see Fig. 2, 3 and 4), there is a time-dependent 
variation of the travel speed and, respectively, accelerations printed 

on the vehicle, if the moment of impact is chosen as the time 
interval to be more closely analysed (Fig. 7 and 8). 

 

Fig. 7. Vehicle speed as a function of time, during the moment  

of the actual collision, according to the video recording processing. 
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Fig. 8. Vehicle acceleration as a function of time, during the moment of the 

actual collision, according to the video recording processing. 

 

Thus, it is found that the vehicle's impact velocity (37.3 km/h, 
according to the video recording data processing) falls within the 

range of 36.26÷39.36 km/h, obtained previously through the GPS 
data sampling. Therefore, it can be concluded that the proposed 

working methodology used to evaluate the kinematic and dynamic 

parameters of the vehicle during its collision with a fixed obstacle 
such as a pole, can be a true account of the reality. 
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