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Abstract. Based on the uncertainty theory, a corresponding uncertainty 
analysis method for speed calculation model for the road traffic accidents 
of vehicle impact is set up. 

1   Introduction 
To some extent, the severity of traffic accidents depends on the impacting characteristics of 
velocity of vehicle impact [1]. Determining vehicle impact velocity is an important basis 
for identification of road traffic accidents, however, the actual accident velocity estimation 
will use some physical accident parameters, whether it is the accident scene measurement 
parameters such as vehicle braking distance, or the experience parameters such as wheel 
and road surface adhesion coefficient, which all contain uncertain information, that is, the 
accident parameter has uncertainty [2,3,4], which inevitably leads to the uncertainty of 
estimation result of the traffic accident velocity. How to judge the random uncertainty of 
the accident velocity estimation result caused by the uncertainty of these parameters is a 
key problem [5]. 

The uncertainty of the parameters included in the vehicle impact traffic accidents is 
studied by the uncertainty theory, the range of the velocity before impact is deduced 
according to the uncertainty of these parameters, and the accuracy and confidence of the 
calculation results are analyzed to improve the reliability of the calculation results, and to 
make a scientific and impartial analysis of road traffic accidents [6,7]. 

2   Brief description of the basic theory of uncertainty 
For a certain measurement parameter, because the real value is not an ideal concept of the 
concrete value, it is impossible to give the error size, but only the range of error value can 
be given, and use the uncertainty to describe the uncertainty of the parameters. 
Measurement of uncertainty is used to represent the dispersion of the measured value, 
which is an estimate of the true value of the measured value in a certain value range. 
Measurement of uncertainty usually contains several components, and all the uncertainty 
components are characterized by standard deviation. The categories of uncertainty can be 
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divided into standard uncertainty, synthetic standard uncertainty and extension uncertainty 
(also known as expanded uncertainty). The uncertainty characterized by standard deviation 
is the standard uncertainty. The uncertainty of the synthesis of the standard uncertainty of 
each component is the synthesis uncertainty. The extension uncertainty gives the range of 
the measurement results where the measured value is located in a high confidence 
probability [8]. 

2.1   Source of uncertainty 

The mathematical model of the measured parameter y  is multivariate function 
 nxx,x,xfy ，321 , and the value of y  depends on the uncertainty of other n  input 

quantity  n,...,,ixi 321 , that is 

 NX...X,X,XFY 321  . (1) 

From the best value  n,...,,ixi 321  of each input iX , the best value y  of Y  can 
be obtained, that is, the calculation result 

 nxx,x,xfy ，321  . (2) 

Therefore, the uncertainty of the calculation result y  is derived from  n,...,,ixi 321 , 

that is, the uncertainty yu  of y  depends on the uncertainty xiu  of each input amount 
ix . 

The true value of each direct measured value ix  is recorded as zx , the uncertainty 
xiu  of ix  is expressed with absolute error xi , and the uncertainty xiu  of input 

quantity ix  is 

zixixi xxu   . (3) 

For the uncertainty of the measured parameter y , the calculation process is as follows.  

2.2   Calculate the standard uncertainty xiu  of the input ix  

The evaluation of standard uncertainty is divided into two categories which are evaluation 
of category A and evaluation of category B: category A is evaluated by statistical analysis 
of the observed columns, and calculate the standard uncertainty of the best estimation value, 
category B is evaluated by analyzing the distribution characteristics of the measurement 
columns to evaluate the standard deviation and the standard uncertainty, evaluation of 
category B plays an important role in the uncertainty evaluation. In view of the actual 
situation of the current road traffic accident scene investigation and the repeatability of the 
relevant data measurement, the velocity identification in the accident reconstruction model 
is suitable for the evaluation result of the evaluation method of category B [9,10] . 

By using the half width ia  of the change interval of the input quantity ix  to divide 

the inclusion factor ik , the standard uncertainty xiu  of the ix  can be obtained 

2

ITM Web of Conferences 17, 03002 (2018) https://doi.org/10.1051/itmconf/20181703002
WCSN 2017



divided into standard uncertainty, synthetic standard uncertainty and extension uncertainty 
(also known as expanded uncertainty). The uncertainty characterized by standard deviation 
is the standard uncertainty. The uncertainty of the synthesis of the standard uncertainty of 
each component is the synthesis uncertainty. The extension uncertainty gives the range of 
the measurement results where the measured value is located in a high confidence 
probability [8]. 

2.1   Source of uncertainty 

The mathematical model of the measured parameter y  is multivariate function 
 nxx,x,xfy ，321 , and the value of y  depends on the uncertainty of other n  input 

quantity  n,...,,ixi 321 , that is 

 NX...X,X,XFY 321  . (1) 

From the best value  n,...,,ixi 321  of each input iX , the best value y  of Y  can 
be obtained, that is, the calculation result 

 nxx,x,xfy ，321  . (2) 

Therefore, the uncertainty of the calculation result y  is derived from  n,...,,ixi 321 , 

that is, the uncertainty yu  of y  depends on the uncertainty xiu  of each input amount 
ix . 

The true value of each direct measured value ix  is recorded as zx , the uncertainty 
xiu  of ix  is expressed with absolute error xi , and the uncertainty xiu  of input 

quantity ix  is 

zixixi xxu   . (3) 

For the uncertainty of the measured parameter y , the calculation process is as follows.  

2.2   Calculate the standard uncertainty xiu  of the input ix  

The evaluation of standard uncertainty is divided into two categories which are evaluation 
of category A and evaluation of category B: category A is evaluated by statistical analysis 
of the observed columns, and calculate the standard uncertainty of the best estimation value, 
category B is evaluated by analyzing the distribution characteristics of the measurement 
columns to evaluate the standard deviation and the standard uncertainty, evaluation of 
category B plays an important role in the uncertainty evaluation. In view of the actual 
situation of the current road traffic accident scene investigation and the repeatability of the 
relevant data measurement, the velocity identification in the accident reconstruction model 
is suitable for the evaluation result of the evaluation method of category B [9,10] . 

By using the half width ia  of the change interval of the input quantity ix  to divide 

the inclusion factor ik , the standard uncertainty xiu  of the ix  can be obtained 

i

i
xi k

au   . 
(4) 

Inclusion factor k  is also known as a range factor. If the input quantity ix  obeys the 
normal distribution, the inclusion factor is obtained by querying the normal distribution 

integral table; If the input quantity ix  is uniformly distributed, the inclusion factor is 3  
[8].  

2.3   Calculate the synthetic standard uncertainty yu  

The standard uncertainty of the measured parameter y  caused by the standard uncertainty 
xiu  from a single ix  is: 

xi
i

yi u
x
yu




  . 
(5) 

The relative change ix
y




 of the function y  corresponding to xiu  is called the 
uncertainty transfer coefficient.  

According to the theory of error synthesis, when each input quantity is independent, 
each input quantity will introduce a uncertainty factor, under their joint influence, the 
uncertainty of output y  shall be the synthesis of all uncertainty components, so the 

synthetic standard uncertainty yu  of function y  is calculated from the following 
formula:  
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2.4   Calculate the extension uncertainty U  

The extension uncertainty is also called extended uncertainty, and the extension uncertainty 
U  can be obtained by multiplying the synthetic standard uncertainty yu  with the 
inclusion factor k  multiplied by the function y .  

ykuU   . (7) 

Using the extension uncertainty as the uncertainty of the measured parameter y , the 
function y  is expressed as 

UyY   . (8) 
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This means that the best value given to the measured parameter Y  is y , which 

contain most of the value of Y  in the interval from Uy   to Uy  , so the value range 
of the function value can be determined.  

3   The basic algorithm and uncertainty evaluation of vehicle 
velocity in vehicle impact accidents 

3.1   The basic algorithm of vehicle velocity in vehicle scratch accidents 

The sides of the two cars scratch, or the contact surface of the impact head between the two 
cars is narrow, or the contact surfaces of the impact between the head of rear vehicle and 
the tail of the front vehicle is narrow, and the common velocity of the two vehicles is not 
existed in the compression process of the impact, so the impact pattern belongs to the 
scratch accident. In the process of vehicle' overtaking the center line or returning to the its 
lane, the scratch accident occurs more. The nature of the vehicle scratch accident is still a 
impact accident. 

According to the law of conservation of energy, for an impact system composed of two 
impacting vehicles, the kinetic energy of a vehicle before impact in normal driving, and the 
energy transformation before and during the impact, are dissipated in the braking, sliding 
and deformation of the vehicle, etc. respectively. According to the braking or sliding 
distance after the vehicle impact, the deformation amount can be converted to the 
equivalent velocity component corresponding to a vehicle, and then synthesize the velocity 
of each part, and the driving velocity before the collision can be obtained [11].Therefore, 
the velocity of the impacting vehicle and the impacted vehicle before the scratch is equal to 
the velocity of the respective sliding after the impact of the two vehicles, plus their 
respective velocity changes in the course of the impact, that is 

biii vvv 0  . (9) 

In the formula, 0iv  is the instantaneous velocity of the vehicle before the scratch, iv  

is the instantaneous velocity of the vehicle after the scratch, biv  is the change of the 
velocity in the vehicle scratching process.  

According to the law of conservation of energy, the kinetic energy of the vehicle is 

converted into friction work, and the instantaneous velocity iv  can be calculated 
according to the vehicle sliding distance 

iii sgv  2  . (10) 

In the formula, g  is the acceleration of gravity, i  is the adhesion coefficient of the 

vehicle, is  is the sliding distance after the vehicle scratch.  
According to the law of conservation of energy, the velocity variation of the vehicle 

before and after the scratch is bv , the corresponding equivalent velocity of which can be 
calculated by the empirical formula obtained from the test according to the deformation D  
of the part of the impact 
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In the formula, iD  is the deformation of the vehicle impact parts, h  is the ratio 
constant between the velocity and deformation, and is generally obtained by empirical 
formula.  

The formula (10) and the formula (11) are brought into the formula (9) to obtain the 

instantaneous driving velocity 0iv  of the vehicle before the scratch which is:  

iiibiii hDsgvvv  20  . (12) 

3.2   Uncertainty evaluation of instantaneous velocity of vehicle before 
scratch 

The parameters of the uncertainty associated with the instantaneous velocity of the vehicle 

are removed, excluding the gravity acceleration g , including i , is  and iD , where the 

second order uncertainty is introduced by i  and is . The relationship between the 
velocity of the vehicle and its uncertainty can be expressed as 

 iiiii D,s,fv 0  . (13) 

When evaluating the uncertainty of the instantaneous velocity before the vehicle scratch, 

the standard uncertainty xiu  of each input quantity  iiii D,s,x   shall be calculated first 
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Evaluate the synthetic standard uncertainty 0viu  of the velocity of the identified vehicle 
0iv  before scratch and impact 
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By multiplying the synthetic standard uncertainty 0viu  of the function 0iv  with the 

inclusion factor k , the extension uncertainty 0viU  of the function 0iv  can be obtained.  

00 vivi kuU   . (21) 

Using the extension uncertainty as the uncertainty of the measured parameter 0iv , the 

measured driving velocity 0iv  before the vehicle impact is expressed as 

000 viii UvV   . (22) 

This means that the optimum value of the measured parameter is 0iv , which can 

contain most of the 0iV  in the range of 00 vii Uv   to 00 vii Uv  , and can determine the 
range of driving velocity before the vehicle scratch.  

4   Case analysis of actual accidents 
The passenger car is driving from west to east, its left front wheels cross the yellow line in 
the middle of the road which is in the early overtaking stage, the truck is driving from east 
to west, its left front wheels press the yellow line in the middle of the road which is in the 
late overtaking stage, and is returning to its own lane, and the impact occur at the left front 
corner when the two vehicles are overtaking across the middle line. The key content of 
accident identification is the velocity before the impact of the passenger car. 

The passenger car in the accident is driving opposite to the truck, there is no common 

velocity in the impact, the impact form is the reverse scratch, and the driving velocity 10
v  

before the impact of the passenger car shall be equal to the sliding velocity after its impact 

10
v  plus the change of its velocity in the impact 1bv . 

1110 bvvv   . (23) 
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4.1   The instantaneous driving velocity 10
v  of the passenger car before 

scratch 

According to the accident scene picture, after impact, the distance between the passenger 

car on the road is m100134
1

..s  , the angle between the longitudinal axis and the 

longitudinal axis is 
o.553 , considering that the passenger car is not braking and has 

irregular rotation and sideslip, the comprehensive estimate of [12,13,14] has its adhesion 

coefficient 020260
1

..  , and the average deformation is m020320
1

..D   if the 
head of the bus is calculated on a double curved surface, and the total mass of the truck is 
more than kg17000 , so the ratio constant between the velocity of the passenger car and 
deformation is 67h [15], according to the law of conservation of energy, the 

instantaneous velocity 10
v  of the passenger car before the scratch is obtained 

km/h2363863682 111110 ..hDsgvvv bi   . (24) 

4.2   Evaluation of uncertainty of driving velocity 10
v  of the passenger car 

before scratch 

The vehicle velocity identification of road traffic accidents is evaluated by the B-type 
evaluation method. According to the uncertainty theory, take the value of the inclusion 
factor corresponding to the confidence probability 0. 95 as 2k , calculate according to 

formula (14)~(22), and the standard uncertainties of the parameters 1
 , 1

s  and 1
D , 

which are related to the driving velocity 10
v  before the passenger car scratch with the 

uncertainty, are 0101 .u  , m0501 .us   and m010
1

.uD  , respectively, and the standard 

uncertainty components are 9130110 .u .v  , m03480110 .u s.v  , m670110 .u D.v  , where the 

uncertainty coefficient of the adhesion coefficient 1
  and the deformation amount 1

D  of 
the collision site is large, which has a significant effect on the calculation results of the 

velocity before the impact, in contrast, the uncertainty of the sliding distance 1
s  after the 

vehicle scratch is very small. After comprehensive calculation, the synthetic standard 

uncertainty is km/h133110 .uv   and the extension uncertainty is km/h266210 .Uv  , then 
what can be obtained is that the interval of the velocity value of the passenger car before the 
scratch is 

km/h1297159766km/h266286368
10

.~...v   . (25) 

The conclusion of this case is that the velocity of the passenger car is km/h69  before 
the impact.  
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5   Conclusion 
Without considering the error of geometric parameters in the field, in this paper, the 
uncertainty of the parameters such as the adhesion coefficient of vehicle and road surface, 
the sliding distance after scratch and the deformation of the vehicle impacting part are 
analyzed in the road traffic accident under the condition of scratch form of vehicles. The 
uncertainty of the degree of deformation introduced by the adhesion coefficient and the 
impact site has significant influence on the calculation results of the vehicle velocity before 
impact, and the uncertainty calculation method for the velocity identification is obtained, so 
as to determine the range of the driving velocity before the vehicle impact. 
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