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Abstract
Vehicle speed access is an important part of road traffic 
accidents. Many factors affect the speed of the vehicle in vertical 
side collisions. Uncertainty in speed calculations related to 
vehicle collision was researched. The main parameters which 
have a greater impact on the speed of calculation results 
were discussed. And speed calculation methods based on 
uncertainty factors have been analyzed. By use of the vehicle 
vertical side collisions case, the speed of uncertainty has been 
carried out. Combined with accident surveillance video, the 
video picture computed speed and uncertainty factors obtained 
speed were compared. The results showed that selected road 
adhesion coefficient, vehicle weight and other parameters as 
the uncertainty factors, the use of uncertainty obtained speed 
with high reliability of forensic, which can be used in accident 
reconstruction.

Keywords
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1 Introduction
During 2008, road traffic injuries ranked fourth among 

the leading causes of death in the word. A road traffic acci-
dent involves high socioeconomic costs and human suffering 
in terms of injuries, abnormal deaths, loss of productivity, etc. 
In China, the motor vehicle population is growing at a rate 
faster than the economic and road growth. Therefore, the high 
incidence of traffic accidents has become the main features of 
China traffic accident (Cao et al., 2014). Vehicle side collisions 
constitute the largest category of road traffic accidents in China. 
In 2013, there were 198,394 road traffic accidents, 213,724 
injured in traffic crashes, and 58,539 people killed. According 
to the Ministry of Public Security Traffic Management Bureau 
of China, vehicle side collisions accounted for 40.36% of all 
traffic, and 29.02% of all fatalities.

Speeding is one of the most common driving behaviours 
despite being one of the biggest contributors to road fatalities 
and injuries (Adrian and Stephen, 2015; Cheng and Pei, 2008). 
Many studies have been conducted to examine the vehicle speed 
involved in crashes and determine the contributory factors (Qu et 
al., 2015). And speed research on traffic accident is one of the 
most important issues in terms of traffic safety management. It 
has been extensively studied the relationship between accidents 
and the speed in the world. For instance, several studies found 
that more than 20 percent of drivers admitted to speeding in the 
accident (Peer, 2011; Tarko, 2009). Taylor et al. (2000; 2002) 
examined the relationship between vehicle speed and crashes, 
which found 1 mile/h change in average speed was associated 
with a 5 percent increase in crashes with most road types.

Cheng and Pei (2008) and Çavdar et al. (2008) analyzed 
the characteristics of traffic accidents in China and Turkey, the 
two countries are very similar in that speeding was a major 
cause of traffic accidents. In China, the traffic police division 
of responsibilities when the side collision accident occurred, 
one of the most important reference basis is the vehicle speed 
at the time of the accident, to determine whether the parties 
it is illegal to speeding (Cui et al., 2014; Shen et al., 2009). 
So speed analysis of accident reconstruction is significant and 
essential in China.
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Vehicle speed in traffic accidents were identified, which 
mainly obtained by theoretical calculations, empirical 
estimation, computer software modeling analysis, experimental 
test, instrumental measurement, monitoring data analysis, 
human bodies’ characteristic injuries analysis, and so on (Cao et 
al., 2014; Zhao et al., 2015). In most cases, the speed of access 
is not directly, but through site inspection, combined with 
vehicle deformation and other technical analysis (Çelik and 
Senger, 2014). In general, the conclusion that the vehicle before 
the collision with the vehicle speed is given a reasonable range. 
Because accidents irreversible, for some parameters in the 
accident can’t be accurately obtained, the speed of the results 
will create uncertainty (Shen et al., 2009; Ward et al., 2014). 
Therefore, uncertainty analysis is introduced to calculate the 
vehicle speed of the accident reconstruction. By selecting a 
greater impact on several parameters uncertainty as uncertainty 
factor, according to the range of uncertainty factors to estimate 
the range of the vehicle speed, the reproduction of the accident 
analysis is possible (Shen et al., 2009; Wojciech and Jan, 2006).

Wojciech and Jan (2006) applied Monte Carlo simulation 
models to analyze the vehicle velocities and collision location. 
Also, Wojciech and Jan (2007) researched the collision speeds 
using reconstruction and simulation methods, and proved the 
necessity of including the problem of uncertainty in calculation 
of vehicle speed. In this paper, the speed identification occurs 
between the vertical sides collision accident was analysis, 
and a case analysis was performed based on the vehicle 
speed uncertainty theory. By using video picture methods, 
uncertainty theory speed is compared. The results showed that 
by introducing a greater impact on the calculation results of 
parameters and reference to uncertainty, the speed calculation 
can be close to the true value.

2 Accident reconstruction basic theory 
A schematic vertical side collision accident occurred as 

shown in Fig. 1. By the momentum conservation theorem, 
in the collision occurred during the vertical sides, the total 
momentum remains unchanged before and after the collision. 
The following Eq. (1) is obtained.
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In Eq. (1), where
m1 , m2 --- the total weight of the vehicle A and B, with the 
unit of kg ;
v10 , v20 --- the speed of the vehicle A and B before the 
collision, with the unit of m/s ;
v1 , v2 --- the speed of the vehicle A and B after the collision, 
with the unit of m/s ;
α, β --- the deflection angle of the vehicle A and B from the 
original direction after the collision, with the unit of ° .

Fig. 1 Schematic diagram of vertical side collision

The speed of the vehicle A and B before the collision can be 
obtained from Eqs. (1), as shown in Eq. (2).
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As the vehicle collision time is very short, according to 
the law of conservation of energy, the kinetic energy of the 
vehicle after the collision is considered completely converted 
into friction energy with ground. In the case of ignoring the 
brake coordination time, according to the movement distance 
of the vehicle after the collision, the vehicle rear collision 
instantaneous velocity can be calculated, as shown in Eq. (3).
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In Eq. (3)
g --- the acceleration of gravity, 9.8 m/s2

 ;
ϕ1 , ϕ2 --- the friction coefficients of the vehicle A and B with 
road surface;
s1 , s2 ---the movement length of the vehicle A and B after the 
collision, with the unit of m .

Equation (3) is substituted into Eq. (2), the speed of the vehi-
cle before the collision can be obtained with the vehicle in the 
form of a vertical side collision, as shown in Eq. (4).
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3 Uncertainty of vertical side collision 
Measurement uncertainty is used to describe the level 

of uncertainty, which is used to describe the real value is 
measured in a range of an estimate (Bartlett et al., 2002; 
Fonda, 2004). In the analysis of road traffic accidents, two 
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types of calculation result uncertainty can be distinguished: one 
is modelling uncertainty, the other is uncertainty in calculation 
results (Wojciech and Jan, 2006). Evaluation of the uncertainty, 
a specific process including modeling, standard uncertainty 
assessment, combined standard uncertainty calculation, the 
expanded uncertainty calculations, and finally, the uncertainty 
of the report is generated.

In the standard uncertainty assessment, Class A and B should 
be distinguished. Class A is usually assessed for statistical 
analysis of the observed column. Class B is the other remaining 
method of assessment. Obviously, in the evaluation of vehicle 
speed in traffic accidents uncertainty, Class B assessment 
methods should be used.

3.1 Uncertainty theory
Suppose, in the actual establishment of the mathematical 

model, parameters Y obtained by calculation, and Y decided 
by several independent inputs. These inputs have uncertainty, 
which is as follows.

Y F X X Xn= ( )1 2
, ...

Therefore, the optimal value of y may be obtained by 
computing the optimal values of the parameters xi, that is

y f x x xn= ( )1 2
, ...

That is, the uncertainty of y is determined by the uncertainty 
of  xi .  uxi  is defined as  xi’s standard uncertainty.  uxi  acquisition, 
is to change the radius  ai  of  xi  obtained by dividing the 
coverage factor  ki ,that is 

u a kxi i i=

On normal distribution, corresponding to 0.95 confidence 
level, the coverage factor is 2 (Yuan et al., 2001). And then the 
relative standard uncertainty component is calculated.

′ =u u xxi xi i

The relative change in y and  uxi  are called corresponding 
uncertainty propagation coefficient by δi

y
xi

= ∂
∂ . Thus, the 

relative uncertainty of y can be described as

′ = ′u u
x
yyi i xi
iδ

The formula (9) shows the relative uncertainty of function 
due to the relative amount of uncertainty introduced by a 
certain input calculation results.

In the joint action of all model inputs, the relative combined 
standard uncertainty function y would be described by the 
following formula

′ = ′ = ′
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The relative expanded uncertainty is the relative combined 
standard uncertainty multiplied by a coverage factor k, that is

′ = ′U kuy

Thus, the ranges of Y can be described as follows

Y y yU y U= ± ′ = ± ′( )1

3.2 Uncertainty Factor and Slight uncertainty
As the automotive collision speed is affected by many 

factors, the influence of various factors are not the same. 
In rder to control the influence of selected parameter errors 
on calculation results of vehicle collision models based on 
momentum theorem, Zhang et al. (2012) proposed a sensitivity 
analysis method of selected parameters by applying matrix 
theory on the base of influence mechanism analysis. The results 
show that when the relative calculation error is less than or 
equal to 5%, the maximum error range of selected parameters 
is ±16.12% and the reasonable range of selected parameters 
is determined accordingly. Thus, when in actual operation, 
slight uncertainty can be defined (Helton and Davis, 2003; 
Yuan et al., 2001). Compared with all the overall impact of 
uncertainty, the uncertainty of a negligible impact is deemed 
to be slight uncertainty. In other words, if the actual work that 
the difference between the impacts of omitted after the original 
impact is less than 1/10 of the original, the uncertainty can be 
regarded as slight uncertainty, which could be omitted.

As can be seen from the Eq. (10), for each input uncertainty 
factor introduced, they are superimposed in the form of square. 
Therefore, when the value of an argument in which the most 
uncertainty, uncertainty in the parameter is significantly larger 
than the other parameters, this parameter uncertainty will 
dominate (Yuan et al., 2001). This parameter is the greatest 
impact on the results of the uncertainty, and the uncertainty of 
other parameters can be ignored.

By using uncertainty propagation and synthesis theory, it can 
make the algorithm accident reconstruction get some simplified. 
For vehicle traffic accidents, the most significant parameter is 
selected as an uncertainty factor to calculate vehicle speed.

3.3 Uncertainty in the vehicle speed before collision
Vehicle collision speed is affected by many factors, such 

as vehicle weight, road adhesion coefficient, braking distance, 
the amount of deformation and the like. Shen et al. (2009) 
discussed the main factors of speed uncertainty, a fuzzy rule-
based evidential reasoning algorithm was employed in pre-
impact velocity calculation. Zhang et al. (2012) analyzed 
the sensitivity on the selected parameters in typical vehicle 
collision models. The impact of various factors on the size 
of the vehicle speed is not the same sensitivity. Difference 
of simplified and original impact is less than 1/10 of the 
original impact, the uncertainty introduced by the factors may 
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be considered as slight uncertainty. Slight uncertainty in the 
calculation can be ignored.

According to the theory of uncertainty from the Eq. (2) 
shows, the impact of the vertical sides collision speed related 
parameters is m1 , m2 , ϕ1 , ϕ2 , α, β, s1 , s2 . It can be written as the 
following equation. 
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Since α, β, s1 , s2 are at the accident site measurements 
obtained by measuring instrument. As long as the measuring 
tools and methods under right conditions, the true value is to 
be obtained. The range is small relative to other errors. So, the 
measurement error introduced by the scene geometry can be 
regarded as slight uncertainty. Therefore, the equation can be 
further simplified as follows.
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Among them, ϕ1 , ϕ2  introduced the second-order uncertainty. 
According to the theory of uncertainty, Eq. (2) is subjected to 
partial differentiation. Four uncertainty propagation coefficients 
were obtained with vehicle A before the collision.
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Further, the relative combined standard uncertainty of v10 
can be obtained.
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Similarly, the relative combined standard uncertainty of 
vehicle B can be obtained. It is describes as follows:
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4 Case analysis
In order to verify the above model, a vertical side collision 

accident was used to make verification. The case: On the 
morning of July 9, 2015, it was sprinkling, and a vehicle 
collided with another vehicle by vertical side collision near a 
crossing in the downtown of Chengdu, leading to the death of 
the occupants and vehicle damage. As illustrated in Fig. 2, it 
happened on a wet asphalt road.

Fig. 2 Schematic diagram of accident scene

As can be seen from the Fig. 3 and Fig. 4, vehicle A’s front 
and vehicle B’s side were severely damaged, so the accident is 
a typical vertical side collision. After on-site investigation, all 
the tires are relatively new, and the accident belongs to the new 
asphalt road paving. Therefore, the value of the parameters can 
be selected according to the national standard recommendation 
and consider bringing in uncertainty. 

Vehicle A collision at a distance of movement by 14.1m, 
vehicle B’s corresponding to 7.2 m, angle changes in amounts 
of 22° and 65°. Participants related parameters, the parameter 
values of the accident scene and vehicle shown in Table 1.

Table 1 Scope of input parameters

Vehicle A’s 
parameters

Best value and 
the range

Vehicle B’s 
parameters

Best value and 
the range

ϕ1 0.55±0.05 ϕ2 0.55±0.05

s1/ m 14.1 s2 / m 7.2

v1 / m.s-1 12.33±0.56 v2 / m.s-1 8.81±0.40

m1 / kg 1700±50 m2 / kg 1400±50

α / (°) 22 β / (°) 65

On this basis, standard uncertainty, the relative standard 
uncertainty, uncertainty propagation coefficient, relative 
standard uncertainty components of vehicle A can be calculate.

Finally, the relative combined standard uncertainty and 
expanded uncertainty are obtained, the data shown in Table 2.

Using the same method, corresponding data of vehicle B can 
be obtained, the data shown in Table 3.

(13)

(14)

(16)

(15)

(17)
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Table 2 shows the expanded uncertainty of vehicle A is 
0.0138. Thus, the relative expanded uncertainty is 0.0316. The 
optimum values for all parameters are substituted into Eq. (2), 
vehicle A and B’s speed before collision can be obtained. The 
speed of vehicle A is 18.0 m/s, and corresponding data of 
vehicle B is 9.3 m/s. By uncertainty theory, the speed of the 
range vehicle A before the collision can be obtained, which is

v10 = 18.0 × (1 ± 0.0316) = 17.4 ~ 18.6 m/s = 62.8 ~ 66.8 km/h.
Similarly, vehicle B’s speed before the collision is
v20 = 9.3 × (1 ± 0.0430) = 8.9 ~ 9.7 m/s = 32.0 ~ 34.9 km/h.

5 Video speed method validation
The road accidents have monitoring equipment, which can 

be used to calculate the vehicle speed (Wong et al., 2014). 
As shown in Fig. 5, when the accident two vehicles into the 
monitor screen, they happen a complete vertical side collision. 

After analysis of surveillance video, the video picture rate is 
25 frames per second. Vehicle feature point speed method can 
be used in this case. In accordance with the time to analyze 
the relationship between the distance, travel speed of the two 
vehicles before the collision can be calculated. Vehicle A’s 
left front wheel center and rear center were set as reference 
point. The left side of the front point and rear point of vehicle 
B was finally fixed as reference point. Reference point and the 
relevant data are shown in Table 4.

Surveillance video recorded the exact course of the accident. 
Thus, to meet the video quality and camera angles, the video pic-
ture obtained speed value can more accurately reflect the facts. 
Therefore, the speed obtained by the video can be used to verify 
the uncertainty speed. As can be seen, the speed results obtained 
by the two methods in a similar range to confirm each other.

Fig. 3 Vehicle A’s damaged condition Fig. 4 Vehicle B’s damaged condition

Table 2 Uncertainties of speed pre-crash of vehicle A

Input 
parameters
xi

Changes 
radius
ai

Contains 
factor
k

Standard 
Uncertainty
uxi

Relative standard 
uncertainty
u'xi

Uncertainty 
propagation 
coefficient
δi

Relative standard 
uncertainty 
component
u'v10i

Relative combined 
standard 
uncertainty
u'v10

Expanded 
uncertainty
U'

m1 50 2 25 0.0147 -0.0015 0.0020

m2 50 2 25 0.0179 0.0018 0.0025 0.0158 0.0316

v1 0.56 2 0.28 0.0227 0.8387 0.0131

v2 0.40 2 0.20 0.0227 0.7464 0.0083

Table 3 Uncertainties of speed pre-crash of vehicle B

Input 
parameters
xi

Changes 
radius
ai

Contains 
factor
k

Standard 
Uncertainty
uxi

Relative 
standard 
uncertainty
u'xi

Uncertainty 
propagation 
coefficient
δi

Relative standard 
uncertainty 
component
u'v10i

Relative combined 
standard 
uncertainty
u'v10

Expanded 
uncertainty

U'

m1 50 2 25 0.0147 0.0033 0.0088

m2 50 2 25 0.0179 -0.0040 0.0107 0.0215 0.0430

v1 0.56 2 0.28 0.0228 0.4549 0.0137

v2 0.40 2 0.20 0.0228 0.4226 0.0091
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Fig. 5 Video picture

Table 4 Video speed computing

Reference point
Time (Number 
of frame)

Distance
(m)

Speed
(km/h)

Vehicle A wheel center 4 2.857 64.3

Vehicle B front /rear point 12-13 4.487 31.1-33.7

6 Conclusions
Determining the speed of the vehicle in traffic accident is 

the key. Since the site inspection and technical level and other 
restrictions, there is always uncertainty parameter. Through  the 
analysis of traffic accidents related parameters, some parameters 
were selected as uncertain factors. According to the theory of 
uncertainty, the vehicle speed in the collisions was performed 
based on the uncertain factors. Through the analysis of a case 
of traffic accident using uncertainty theory and video picture, 
which shows that the speed results obtained by the two methods 
in a similar range to confirm each other. Thus, the method to 
calculate the speed of uncertainty can be extended in practice.
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