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Abstract. The article is devoted to the study of the method of increasing 
the capacity at the trans-tailor interchanges providing access to cities, using 
the example of Belgorod, by introducing the Ramp metering traffic light 
control system. 4 traffic interchanges at the entrances to the regional center 
were investigated, geometric parameters of the exits were evaluated. Based 
on geometric analysis, intensity calculations and time delays, the optimal 
area for implementing the Ramp metering system is selected. 

1 Introduction 
The occurrence of congestion at traffic interchanges on the outskirts of the city is a 
common situation, especially during peak hours. The capacity of road network sections is 
significantly reduced. Today, in order to improve transport processes, various modeling 
products are used and intelligent transport systems are being introduced [1,2]. It is 
necessary to influence the traffic flow by controlling exits, using technical means of traffic 
management (traffic lights, road signs, TPI), in order to regulate the number of vehicles 
entering or leaving the highway [3]. 

Exit management methods are designed to maintain a balance between motorway 
capacity and demand by maintaining optimal operation of the motorway. Exit controls are 
used to regulate travel on a specific ramp, such as introducing a partial travel restriction (on 
a schedule) or possibly a permanent restriction. This regulatory measure significantly 
reduces or even increases the speed of the motorway. On the other hand, exit management 
ensures smooth merging of flows at conflict points. The management of exit ramps affects 
the traffic patterns of vehicles that join the stream. Exit control methods are used to order 
the speed at which cars enter the highway. 

There are 4 exit management strategies: 
- restricted access to the exit: temporary or permanent; 
- managing exits using a traffic light object (Ramp metering) [4,5,6,7]; 
- creating traffic priorities for a special group of vehicles; 
- organization of vehicle queue management on the ramp. 
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The strategy of traffic light management of exits has proven itself well at transport 
interchanges and at city entrances. The presence of a traffic light object optimally supports 
the traffic parameters at the exit for a smoother and unhindered merging of flows. This is 
achieved by evenly alternating phases of regulation and the order of passing vehicles from 
the exit. Exit regulation also ensures that dense groups of autotransport vehicles that 
approach the motorway are divided into separate vehicles, allowing those vehicles to avoid 
confusion at the confluence points. 

Ramp metering – the "motorway entrance control system" – is an effective method of 
traffic management in many countries around the world. This system is used at two-level 
interchanges in conditions where a less intensive traffic flow leaves one highway at a turn 
exit and tries to join traffic on another highway. 

2 Materials and methods 
In the Belgorod region, the level of motorization can be compared with the level of the 
Moscow region (314 vs. 347) [8], given the fact that the total length of roads in the 
Belgorod region is 3 times less [9]. On major urban highways, during peak hours, the 
performance of the road network (UDS) is significantly reduced in certain sections. these 
sections are usually highways leading from suburban areas to the city center, where demand 
is highest. In order to increase the productivity of the road network, two-level interchanges 
with ramp exits are organized at entrances in cities. In order to increase the capacity in 
Belgorod, it is planned to introduce a Ramp metering system at two-level interchanges at 
the entrances to the city. 

For expedient implementation of the proposed method of traffic management Ramp 
metering on the studied sections, first of all, it is necessary to evaluate the geometric 
parameters of the considered ramps and compare these parameters with the recommended 
ones. 

The main geometric criteria include: 
1) radius of curvature at the gate; 
2) ramp capacity, auth; 
3) the length of the acceleration distance, m; 
4) distance of confluence of the streams, m; 
5) the width of the roadway at the junction of the ramp and the motorway, m. 
Let's consider the geometric parameters of each of the studied sections. Interchange in 

p. Reasonable is constructed according to the type of clover leaf (figure 1-a)). Isolation in 
the neighborhood Novosadove also has a full configuration of a cloverleaf (figure 1-b)). 
The third interchange leading to the city is a tube interchange in Northern (figure 1-c)). The 
fourth transport interchange under study, which provides the intersection of the M-2 
highway and the road leading to the city, is a cloverleaf interchange (figure 1-d)). 

Since Ramp metering is not used in the Russian Federation, there are no regulatory 
documents or requirements for it. We will use recommendations and sources from foreign 
countries on the ramp geometry for a comfortable flow merge. 
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Fig. 1. Transport interchange in the Belgorod region:  a) cloverleaf interchange in Razumnoe; b) 
cloverleaf junction in Novosadov district; c) tube junction in Severny; d) cloverleaf junction with the 
M-2 route 

3 Experiment 
According to the analysis of foreign studies, it is established that each type of introductory 
ramps has its own requirements. To implement the Ramp metering system, the following 
characteristics are necessary for the study: roadway width, acceleration distance, flow 
merge distance, radius of curvature, and ramp length [4,5,6]. Based on the recommended 
indicators obtained from the research of Professor Mike McDonald [5], the suitability of the 
studied sites for the implementation of the Ramp metering system within their borders will 
be evaluated. Let's summarize the geometric characteristics and parameters of ramps in 
table 1 and compare them with the recommended parameters. 
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Table 1. Comparison of the geometric ramp parameters with the recommended ones 

Transport 
interchange 

The сongress 
and its type 

Specifications 

The width 
of the 

roadway, m 

The distance 
of 

acceleration, 
m 

The distance 
of the 

confluence 
of the 

streams, m 

Radius of 
curvature, 

m 

The 
length 
of the 

ramp, m 

Recommended 
4,8/3,6 60-200 90-150 ≥300 - 

Razumnoe 

External, 
cone-shaped 

3,5 200 90 600 470 

Internal, 
parallel 

4,8 130 100 50 255 

Novosadov 
district 

External, 
cone-shaped 

4,6 75 - 1100 576 

Internal 
cone-shaped 

4,5 33 - 50 212 

Severny 
External, 
parallel 

3,6 200 150 260 230 

M-2 route 

External, 
parallel 

3,5 200 150 1000 400 

Internal, 
cone-shaped 

3,5 40 - 60 292 

 
After comparing the geometric parameters of the ramps of each section, we came to the 

conclusion that the internal ramps at cloverleaf interchanges are not suitable for the 
implementation of this system due to too sharp turns and a small distance to accelerate 
vehicles. External ramps have a larger radius of curvature, are more spacious, and usually 
have a long acceleration lane (over 100 m), which meets the recommendations. The 
cloverleaf interchange with the M-2 highway meets most of the other requirements, but the 
traffic intensity within the interchange is an important indicator. Interchange in p. Severny 
is located closer to the city than the interchange with M-2. In addition, the highway turns 
into one of the largest and most important Central streets of the city – Bogdan Khmelnitsky 
Ave. Its radius of curvature is 14% lower than recommended, but this is not a critical 
disadvantage. The ramp has a fairly long and convenient parallel acceleration lane. In 
addition, it is much easier to organize a study of traffic flow parameters. Thus, the most 
optimal section for the introduction of a traffic light control system is a tube-shaped 
interchange in p. Northern. 

Using field studies, we will determine such parameters as the intensity of traffic flow 
and time delays. It is necessary to determine the peak values of traffic intensity in the 
direction of the regional center in the studied points of the road network section[8]. 

Before implementing the exit control system, it is necessary to determine the algorithm 
of the traffic light object. The local ALINEA algorithm is suitable for this section of the 
UDS, since there are no other ramps on the section, the configuration of such a transport 
interchange will not lead to the closure of flows, and this algorithm is adaptive [9]. 
Configure parameters for this algorithm: location of the transport detector at the exit from 
the flow confluence zone from 40 m to 500 m; correction parameter KR; optimal load level 
of Protected areas; cycle time (from 40 s to 5 min). 

Having determined the load levels during the time period under study, we obtained the 
optimal load of Protected areas = 0.31. Knowing the indicators of the reduced intensity and 
the level of loading, we found the value of the control parameter – the rate at which 
vehicles are released to the Magistral, according to the formula (5) (table 2):  
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𝑟𝑟(𝑘𝑘) = 𝑟𝑟(𝑘𝑘 − 1) + 𝐾𝐾𝑅𝑅 ∙ [𝑂𝑂опт −  𝑂𝑂𝑘𝑘−1]                             (1) 

 
where r(k) - is the control parameter at time k, units/min; Rt- is the control parameter at 

the previous time k – 1, units/min; KR- is the corrective control parameter, units/min; 
Oопт- is the optimal level of road loading; Ot+1  - is the load level at time t+1. 

Table 2. Control parameters 

Time interval k 
Reduced intensity, 

units/ min 
Existing download 

level O(k-1) 

Control parameter r(k),  
units / min 

1 103 0,33 22 
2 115 0,36 22 
3 92 0,29 22 
4 142 0,45 21 
5 176 0,56 19 
6 202 0,64 17 
7 286 0,91 13 
8 158 0,50 11 
9 105 0,33 11 
10 114 0,36 11 

Reduced traffic on the ramp leads to an overall decrease in traffic on the highway. The 
algorithm keeps the load level at the optimal level. The total load per hour decreased by 
10%. 

The traffic intensity for the ramp is set by the parameter r(k) based on the load level of 
the highway, which is implemented using traffic light control. Since there is no traffic light 
control at the exit, we assume the saturation flow (S) equal to the throughput capacity at the 
exit Рс , (S= Рс = 769 u/h), and the duration of the green traffic light signal for a cycle 
duration of 60 s is calculated by the formula 2: 

 
𝑔𝑔 = 𝑟𝑟(𝑘𝑘)

𝑆𝑆
 ∙ 𝑇𝑇с,                                                    (2) 
 

where g - is the duration of the green traffic light signal, s; S - is the saturation flow on 
the ramp, auth/h; Тс - is the cycle duration, s. 

The green traffic light should turn on at the moment when a gap is formed in the right 
lane of the main stream. To detect discontinuities, it is proposed to use an algorithm based 
on the condition of providing a double dynamic dimension according to the formula 3 [10]: 

 
𝐿𝐿𝑑𝑑 = 𝑙𝑙𝑎𝑎 + 𝑣𝑣𝑎𝑎𝑡𝑡р + 0,03𝑣𝑣𝑎𝑎

2 + 1,                                            (3) 
 
where la - is the length of the car, m; va-  is the speed of the car, m/s; Тц- is the driver's 
reaction time, s. 

4 Conclusion 
Based on all calculations, an algorithm for searching for a gap in the flow is compiled and 
the throughput part of the control cycle is set (figure 2). This method is used to split a group 
of vehicles into single ones, thereby increasing the safety of merging streams. 
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Fig. 2. Total duration of the main cycles. 

Installation of this traffic light object is made in accordance with GOST R 52289-2004. 
The controller Cabinet should be placed in such a way as to avoid the possibility of a 
collision with a car that has left the roadway, as well as to ensure safe access of personnel 
to it. It is not recommended to place the Cabinet in the area between the exit and the 
highway, as well as on the security island. Place transport detectors on the main road at a 
distance of 40-500 meters from the "nose" of the exit. There should be 2 inductive transport 
detectors on each lane of the highway. The distance between them should be 6 m from edge 
to edge [10]. 

By implementing traffic light regulation on the site under the control of a feedback 
algorithm, the existing load will be reduced by 10%. The average time delay per vehicle on 
the ramp will increase by 27% (𝑡𝑡′∆р = 94,6 𝑠𝑠). As a result of increasing the waiting time 
for cars at the exit and ensuring their smooth merging, traffic delays on the highway will 
decrease by 48% (𝑡𝑡′∆м = 19,1 𝑠𝑠). 
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