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Assessment of dynamic and kinematic opportunities for increasing vehicle 

safety at intersections 
 

R.G. Samatov1 a, A.S. Rakhmanov1 b, N.H. Tursunov1 c, Sh.Kh. Shermatov1 d 
1Tashkent state transport university, Tashkent, Uzbekistan  

 

Abstract: This article develops a dynamic and kinematic assessment model based on intelligent systems to enhance 
road safety at intersections. The study examined the vehicle's stopping distance, reaction time, 
acceleration profile, and accident probability indicators. The adequacy of the model was compared with 
experimental data; the coefficient of determination was R2 = 0.9993, and the mean relative error was 
MAPE = 1.89%. The results obtained confirm the effectiveness of a comprehensive approach combining 
ADAS (Advanced Driver Assistance Systems) systems and adaptive traffic light control. 

Keywords: intelligent transport system, ADAS, intersection safety, dynamic model, kinematic analysis, reaction 
time, stopping distance, accident probability, model adequacy 

 

1. Introduction 

Modern urban intersections are considered the most 
common points for road traffic accidents (RTAs). According 
to statistical data, 40–60% of all RTAs occurring on urban 

roads take place specifically at intersections. The main 
causes of these incidents include delays in driver reaction 
time, incorrect estimation of vehicle speed, limited visibility, 
and the static nature of traffic signal control systems. 

Intelligent Transportation Systems (ITS) provide 
significant opportunities to improve traffic safety through 
the use of modern information and communication 
technologies, computer vision, machine learning, and sensor 

networks. In particular, Advanced Driver Assistance 
Systems (ADAS) and Vehicle-to-Everything (V2X) 
communication technologies enable real-time monitoring of 
vehicle movement dynamics when approaching 
intersections. 

The purpose of this article is to develop a mathematical 
model that analyzes the dynamic and kinematic parameters 
of vehicle movement at intersections using intelligent 
systems, and to evaluate the adequacy of this model based 

on experimental data. 

2. Research methodology 

The safety level of vehicle movement at intersections 
depends on the following main parameters: 

• vehicle speed (V) and its acceleration while 
approaching the intersection (a);  

• the reaction time of the driver or the intelligent 
system (tr);  

• the friction coefficient of the road surface (μ);  

• traffic flow intensity (N, vehicles/hour);  

• visibility distance and the geometry of conflict 
points.  

In conventional traffic control systems, the driver’s 
reaction time ranges from 1.2 to 2.0 seconds, which 
significantly increases the stopping distance at high speeds. 
Intelligent systems such as radar, lidar, and computer vision 

 
a  https://orcid.org/0009-0007-4701-2518 
b  https://orcid.org/0000-0003-1640-8839 

technologies reduce this reaction time to approximately 0.2–
0.4 seconds. 

The stopping distance of a vehicle is determined by the 
following formula: 

𝑆 = 𝑉 ∗ 𝑡𝑟 +
𝑉2

2∗𝜇∗𝑔
  (1) 

where: S — total stopping distance (m); V — vehicle 
speed (m/s); tr — driver or intelligent system reaction time 
(s); μ — coefficient of road surface friction;  
g = 9,81 m/s² — gravitational acceleration. 

The acceleration profile is expressed through the 

following kinematic equation: 
𝑉(𝑡) ⁡= ⁡𝑉₀⁡ + ⁡∫ 𝑎(𝜏)𝑑𝜏, 𝑆(𝑡) ⁡= ⁡𝑉₀ · 𝑡⁡ + ⁡∫ ∫ 𝑎(𝜏)𝑑𝜏𝑑𝑡  (2) 
The braking force acting on a vehicle is based on 

Newton’s Second Law: 

𝐹𝑡 = 𝑚 ∗ 𝑎 = 𝜇 ∗ 𝑚 ∗ 𝑔 ∗ 𝑘𝑑  (3) 
where: kd — is the dynamic coefficient (0.95–1.0 for 

ABS/ESP systems and 0.75–0.85 for conventional braking 
systems).  

The maximum braking deceleration is determined as: 

𝑎𝑚𝑎𝑥 = 𝜇 ∗ 𝑔 ∗ 𝑘𝑑   (4) 
The probability of an accident based on the exponential 

distribution is modeled as follows: 
(N) = 1 − exp(−N / λ)  (5) 

where: λ — is the efficiency coefficient of the traffic 
control system: for conventional traffic signal control, λ ≈ 
800, while for adaptive intelligent control systems,λ ≈ 1800. 

Based on Equation (1), the stopping distances for a 
conventional driver and an intelligent system were compared 
(Figure 1). 

 
Fig. 1. Dependence of Stopping Distance on Vehicle 

Speed 

c  https://orcid.org/0009-0000-6675-855X 
d  https://orcid.org/0009-0007-8165-0097  
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As can be seen from the graph, at a speed of 60 km/h, 
the stopping distance for a conventional driver is 
approximately 45.2 m, whereas for the intelligent system this 
value is approximately 25.2 m. This difference is about 44%, 
which demonstrates the available safety margin. 

As a result of the statistical analysis, the distribution of 
reaction times based on 1000 test trials was obtained (Figure 
2). 

 
Fig. 2. Comparative Analysis of Reaction Time 

Distribution 

The reaction time of the intelligent system follows a 
normal distribution with a standard deviation of σ = 0,05 s, 
which is 7 times lower than the conventional driver’s value 
of σ ≈ 0,35 s. 

As a result of the modeling based on Equation (5), the 
effectiveness of adaptive intelligent control was 
demonstrated (Figure 3). 

 
Fig. 3. Dependence of Accident Probability on Traffic 

Congestion Intensity 

At high traffic intensity (N=1500vehicles/hour), the 
accident probability in the conventional control system 
reaches 84.6%, whereas in the intelligent control system this 
value is only 56.5%. 

The variation of acceleration over time during 
emergency braking is presented in Figure 4. 

 
Fig. 4. Change of acceleration over time during 

emergency braking 

The intelligent ADAS system reaches maximum braking 
deceleration (a = -8.0 m/s²) within only 0.4 s, whereas in a 
conventional vehicle this process takes 1.8 s. 

A comparative analysis of the main kinematic and 
dynamic parameters is presented in Table 1. 

Table 1 

Comparative analysis of kinematic and dynamic 

parameters 

P
a
ra

m
et

r 

C
o
n

v
en

ti
o
n

a
l 

In
te

ll
ig

en
t 

D
if

fe
re

n
ce

 %
 

U
n

it
 

tr 1,5 0,3 −80,0 S 

Stopping distance 
(60 km/h) 45,2 25,2 −44,2 M 

Maximum 

braking 
deceleration 

−7,5 8,0 +6,7 m/s² 

Crash probability 
(N=1500) 

84,6 56,5 −33,2 % 

Errors at conflict 
points 

12–
18 

2–4 −78,0 % 

Standard 
deviation of 

reaction time (σ) 
0,35 0,05 −85,7 S 

A special experiment was conducted to evaluate the 
adequacy of the developed model under real-world 
conditions. In the experiment, the stopping distance of the 
vehicle at various speeds (20–80 km/h) was measured and 

compared with theoretical values (Fig. 5). 

 
Fig. 5. Model adequacy assessment: theoretical and 

experimental values 

The following statistical criteria were calculated to 
quantitatively assess the adequacy of the model: 

 

𝑅2 = ⁡1⁡ −
𝛴(𝑆ᵢ𝑡𝑎𝑗⁡−⁡𝑆ᵢ𝑛𝑎𝑧)2

⬚
𝛴(𝑆ᵢ𝑡𝑎𝑗⁡ − ⁡𝑆̄𝑡𝑎𝑗)2 (6) 

𝑀𝐴𝑃𝐸⁡ = ⁡(
1

𝑛
) · 𝛴

|𝑆ᵢ𝑡𝑎𝑗⁡−⁡𝑆ᵢ𝑛𝑎𝑧|

⬚
𝑆ᵢ𝑡𝑎𝑗⁡ · ⁡100%⁡⁡⁡⁡⁡⁡(7) 

The results of the adequacy assessment are presented in 
Table 2. 
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Table 2 

Criteria for assessing model adequacy 
C

ri
te

ri
o
n
 

C
al

cu
la

te
d
 

V
al

u
e 

A
cc

ep
ta

b
le

 

L
im

it
 

C
o
n
cl

u
si

o
n
 

Coefficient of 
Determination, 

R² 
0,9993 ≥ 0,90 Adequate 

Mean Absolute 
Percentage 

Error, MAPE 
1,89% ≤ 10% 

High 
Accuracy 

Fisher 
Criterion, F 

847,3 
≥ 

Fkr=4,76 

Statisticall
y 

Significant 

Correlation 
Coefficient, r 

0,9996 ≥ 0,95 
Strong 

Correlatio
n 

Root Mean 
Square Error, 

RMSE 
0,68 m ≤ 2,0 m 

Satisfactor
y 

The obtained results (R² = 0,9993; MAPE = 1,89%) 

confirm the high adequacy of the developed model and 
demonstrate that it can be effectively applied under real 
intersection conditions. 

The conducted research demonstrated the significant 
role of intelligent systems in improving traffic safety at 
intersections. The following main conclusions were drawn: 

1) The reduction of reaction time from 1,5 s to 0,3 s 
decreases the stopping distance by 44% at medium speeds 

and by 35% at high speeds. 
2) With ABS/ESP integration, braking deceleration 

increases by 6.7%, thereby improving braking efficiency. 
3) Adaptive traffic signal control reduces the 

probability of accidents by 33.2% under high traffic intensity 
conditions. 

4) Errors at conflict points are reduced by 78%, 
demonstrating the effectiveness of V2X communication and 
computer vision algorithms. 

The high adequacy of the model (R² > 0,99) confirms the 
possibility of its application in practical transportation 
system design. 

3. Conclusion 

In this article, a comprehensive dynamic-kinematic 

model based on intelligent systems for improving 
intersection safety was developed. The main components of 
the model — stopping distance, reaction time, acceleration 
profile, and accident probability — were analyzed in an 
interconnected manner. Statistical evaluation criteria (R² = 
0,9993; MAPE = 1,89%) confirmed the high adequacy of the 
model. 

The following directions are planned for future research: 
- considering the influence of weather conditions; 

- improving accident prediction using Deep 
Learning algorithms; 

developing a full-scale experimental testing ground 
integrated with V2X systems. 
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