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Abstract. The theory of uncertainty analysis technique is presented. A kinect model is established, the uncertainty 
factors such as adhesion coefficient and brake trace are considered. The method of uncertainty theory is applied to 
analyze the uncertainty of velocity calculation in accident reconstruction, and then the practicability of the method 
was also demonstrated by a true accident case.

1 Introduction 

According to the 2015 China Automobile Safety 
Development Report, in 2013, a total of 198 thousand and 
400 traffic accidents involving casualties, resulting in 58 
thousand and 500 deaths, 213 thousand and 700 people 
were injured [1].Accident reconstruction not only can 
accurately carry out accident investigation and 
responsibility identification, but also has a great help to 
accident prevention. Therefore, it is very important to 
realize the accurate representation of vehicle collision 
accident. But because of the complexity of vehicle 
collision accidents, There is a lot of uncertainty in speed 
identification. Uncertainty theory is applied in the paper, 
and discussed the uncertain parameters in accidents, 
according to the calculated uncertainty, calculate the 
range before the collision speed, make more accurate 
determination of the cause of the accident. 

2 Uncertainty theory 

Uncertainty is usually used to characterize the dispersion 
of the measured values. In general terms, the 
measurement uncertainty is defined as the degree to 
which the measurement results are correct. There are all 
kinds of measurement errors in the actual accident 
measurement, the results always have a certain degree of 
uncertainty, we can only get the scope which can be used 
to describe the degree of uncertainty [2]. 

2.1 Uncertainty description 

Measurement uncertainty is the degree to describe 
uncertainty of the measurement results, Suppose that we 
need to measure the value of Y related to the quantity of 

input with uncertainty, is usually a
random variable. recorded the multiple functions as: 

. (1) 

if and only if the approximate solution to be obtained 
when the optimal value of each input is taken, write

down as:

. (2) 

Therefore, the uncertainty of the results is derived 
from , In other words, the uncertainty
of depends on the degree of uncertainty of each

input .

2.2 Method for evaluating uncertainty 

There are two kinds of evaluation method of uncertainty, 
the Type A and Type B evaluation of uncertainty, they are 
show in Figure 1. 

Standard uncertainty Extended uncertainty

Type A Type B

combined standard 
uncertainty

When there 
is no need to 

give a Up 
,K=2~3

(p is the 
confidence 
probability)

Uncertainty of measurement

Figure 1. Structure of measurement uncertainty

The Type A evaluation of uncertainty assessed the 
uncertainty based on taking statistical analysis on 
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observation while the Type B evaluation of uncertainty 
taking other methods. Such as long-term practical 
experience, common sense or reference books, etc. 

In this paper, the Type B evaluation of uncertainty 
was been adopted. The calculation method is given. 
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Figure 2. Steps for the evaluation of uncertainty in 
measurement 

2.3 Standard uncertainty calculation 

If the half width dispersion interval of the known
estimate is given, And the probability of falling in the
interval was 100%, Then estimate the
distribution, we can get the uncertainty of was

means coverage factor, generally taken equal to
2-3[3]. 

2.4 The calculation of combined standard 
uncertainty

The standard uncertainty component of a function 
caused by any standard uncertainty is recorded as:

(3) 

means transmission coefficient, which used to
describe the change in the estimated value of the 
output caused by the unit variation of the estimated 
value of the input , Played a role in the spread of
uncertainty. 

Some measurements are direct, The standard 
uncertainty of each component is uncorrelated, Synthesis 
by combination of square root. For most situations the 
inputs are uncorrelated, Then synthesis with the following 
formula: 

(4) 

(5) 

From the above formula we can know, Combined 
standard uncertainty means the uncertainty caused by 
input in the form of superposition of square .When one of 
the input value has the most uncertainty, The uncertainty 
of the parameters will be significantly greater than other 

parameters, means this parameter uncertainty has the 
biggest impact, Others confirmed to belong to small 
uncertainty. 

2.5 The calculation of the expanded uncertainty 

In fact, the confidence probability of the standard 
uncertainties often in a low position, For example, the 
confidence probability of normal distribution of combined 
standard uncertainty is 68%.In order to make the 
measurement more reliable, we will need to expand the 
interval of confidence probability, we can use coverage 
factor multiplied bycombined standard uncertainty ,
so that we can get the expanded uncertainty. 

(6) 

The value of the multivariate function obtained at
this time can be written as 

 (7) 

It means the best value of multivariate function
with maximum probability will falls in the range

3 Calculation method of vehicle speed 
and evaluation of uncertainty based on 
momentum conservation 

3.1 The basic theory of momentum conservation 
in vehicle collision 

The law of conservation of momentum is the most 
common rule in nature. In the actual traffic accident, The 
collision is often made up of two objects, 
to establish impact models: 

(8) 

Taking into account the fact that the collision is often 
similar to the plane collision, Coordinate system 
can be selected, the formula 2-1 can be written as: 

(9) 

  (10) 

The speed can be calculated according to the brake 
print formula 

  (11)

Simultaneous formula 9 and formula 10 , we can 
get and

3.2 The uncertain parameters in vehicle accident 

In the foregoing content, we assumed the length of the 
brake marks, the friction coefficient and the velocity 
component angle are already known .However in the 
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actual traffic accident, these parameters can not be 
measured accurately, there is great uncertainty .Observe 
the brake formula 11 , Acceleration of gravity is a 
constant, but the coefficient of friction and the length 
of the brake marksall have uncertainty. Their values 
are . Therefore, the
instantaneous velocity of the vehicle can be divided as 
follows: 

(12) 

4 Accident case analysis 

A van along the road from west to east to DP Rd 
and XA Rd .intersection, hit a garbage truck which was 
along the XA Rd from north to south .Field inspection 
map shows, Before the collision the truck had brake 
marks on the road, began to appear the break seal

 of right side wheels, then produced the break 
seal  of both side, At this time the two vehicles
collided, there was no break seal of garbage truck before 
the collision, than two cars move forward together and 
have brake seal after the collision,
garbage truck  

In the above formula, means quality of car A,
means quality of car B, means speed of car A

before collision, means speed of car B before
collision, means speed of car A after collision, 
means speed of car B after collision.  

overturned eventually .both of their driving direction 
are south by east after the collision, by supplementary 
measure, the angle between the brake traces and the north 
south direction after collision is The accident
occurred on the road is a newly built asphalt pavement. 

Table 1. Vehicle parameters. 

Vehicle Curb 
weight 

Total 
Passenger 

Total mass after 
collision 

Van 1920kg 2 2050kg 

Truck 10490kg 1 10555kg 

4.1 Determination of related parameters and 
calculation of vehicle speed 

This is the scene graph derived from police who deal with 
traffic accidents, the driving direction and end position of 
the accident and their respective brake marks are given. 

Figure 3. Schematic diagram of the accident scene 

According to literature, we can know the range of sliding 
attachment coefficient is

from Table 2[3].

Table 2. Table of reference value of longitudinal slip adhesion 
coefficient of automobile. 

Pavement 
behaviour 

Dry Damp 

    

concrete 
new 0.80-1.

00 
0.70-0.

85 
0.50-0.

80 
0.40-0

.75 

old 0.60-0.
80 

0.60-0.
75 

0.45-0.
70 

0.45-0
.65 

Asphalt 

new 0.80-0.
90 

0.60-0.
70 

0.50-0.
80 

0.45-0
.75 

old 0.60-0.
80 

0.55-0.
70 

0.45-0.
70 

0.40-0
.65 

According to the law of conservation of momentum to 
calculate the speed of the collision of two cars, before the 
collision, truck A from west to East, the garbage truck B 
from north to south, then the instantaneous speed of van 
in collision  is

    (14)

(15)
(16)

According to the law of conservation of energy, the 
speed of van before braking is

(17)

4.2 Evaluation of uncertainty in vehicle speed 
identification. 

Based on the introduction of uncertainty in the paper, take 
a confidence level at 0.94, At this point the 
corresponding [6]. the calculation results of the 
above parameters are presented in Table 3. 

Table 3. Van speed uncertainty component evaluation form

Parameter
Range 0.05 0.3

coverage factor  2 2
0.025 0.15

0.0312 0.0109
Propagation coefficient 8.7456 2.4779

Relative standard 
uncertainty component 0.0156 0.0054

According to the above parameters, the relative 
standard uncertainty of is:
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Expanded uncertainty is: 

The range of is:

Similarly, 

5 Summary 

Through the above analysis, selecting appropriate 
uncertain parameters for uncertainty evaluation, the 
identification results of vehicle speed and the relevant 
judicial authorities are consistent, , and has higher 
accuracy. The research shows that the uncertainty theory 
has certain applicability in the automobile accident 
reconstruction, and it can be used in the actual traffic 
accident. However, the calculation of uncertainty is more 
complicated and needs further study. 
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