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ABSTRACT

Unbalanced urban development causes complex and diverse urban traffic conditions, which
complicates microcirculation traffic network planning. To address this, a method based on
fast search random tree algorithm is proposed. An urban microcirculation traffic network is
constructed using directed graphs, and road network interference intensity and capacity are

calculated. The interpolation collision detection method is used to determine the shortest path
while considering constraint conditions. By incorporating target gravity into the RRT
algorithm, a growth guidance function is obtained, optimising the planned path and
completing urban microcirculation traffic network planning. Experimental results
demonstrate accurate shortest path calculation with up to 11% delay reduction compared to
existing methods. Energy consumption during planning is lower than 10 kJ, ensuring fair
resource distribution within the urban microcirculation transportation network. These
advantages highlight the practicality and effectiveness of this research method.
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1. INTRODUCTION

Urban microcirculation traffic network planning refers to the development trend of establishing a
diversified traffic system in cities to meet the needs of individual travel. Increasingly prosperous urbanisation,
population growth and increased traffic [1] have placed tremendous pressure on urban transport, requiring
innovative transport planning and design to ensure sustainable, efficient and safe urban transport development.
Urban microcirculation transportation network is an urban transportation system based on advanced
technology and a new service mode. It realises the green, intelligent and safe development of urban
transportation through effective information management, intelligent traffic guidance and diversified traffic
modes [2]. The complex and ever-changing traffic conditions within cities, such as narrow roads, mixed traffic
between vehicles and non-vehicles, one-way streets and roadside parking, pose significant challenges to the
layout and path planning of micro circulation transportation networks, and the microcirculation transportation
network emphasises high-frequency and short distance transportation modes. Achieving efficient traffic
organisation on limited road resources while meeting diverse travel needs is an urgent problem to be solved.
With the acceleration of urbanisation, the demand for urban transportation continues to grow. Maintaining the
sustainability and scalability of the micro circulation transportation network is also a key consideration in the
planning process. At present, the research of urban microcirculation traffic network planning at home and
abroad has made some achievements.

The fast search random tree (RRT) algorithm has profound significance and positive effects on urban micro
circulation transportation network planning. As an efficient path search and optimisation tool, it can quickly
find the optimal or suboptimal path that meets multiple target indicators (such as shortest path, minimum traffic
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congestion, minimum emissions etc.) in large-scale and complex urban transportation networks. This feature
is crucial for solving many problems in current urban transportation.

The RRT algorithm can cope with the complexity and dynamics of urban micro circulation transportation
networks and flexibly adapt to constantly changing traffic environments and travel needs through random
sampling and incremental construction of search trees. This helps optimise traffic flow distribution, reduce
traffic congestion and improve the operational efficiency of the transportation network. The RRT algorithm
comprehensively considers multiple target indicators during the search process, making the planning results
more comprehensive and balanced. This can not only meet residents’ demand for travel time, but also reduce
the impact of traffic emissions on the environment and promote the green development of urban transportation.
It also helps to enhance the intelligence level of urban micro circulation transportation network. By integrating
into the traffic management system, algorithms can analyse traffic data in real-time, dynamically adjust traffic
signal timing and road resource allocation and achieve precise control and optimisation of traffic flow.

The specific innovations of this article are as follows:

1) Integrated directed graph and RRT algorithm for traffic network modelling:

Traditional traffic network planning often relies on static or simplified network models, which are difficult

to fully reflect the complexity and dynamics of urban micro circulation traffic. This article innovatively

combines the directed graph method and RRT algorithm to construct the basic framework of urban micro
circulation transportation network through directed graph. By utilising the efficient search ability of the

RRT algorithm, dynamic optimisation of network paths is achieved. This fusion method not only retains

the advantages of directed graphs in expressing traffic flow, but also fully utilises the ability of the RRT

algorithm to quickly find feasible paths in complex environments.
2) The application of interpolation collision detection method in path search:

In the process of path search, collision detection is a key step in ensuring the feasibility of the path. This

article innovatively introduces the interpolation collision detection method, which preliminarily obtains the

potential shortest path, effectively reduces the computational complexity in the search process and improves
the search efficiency. At the same time, this method can quickly eliminate infeasible paths in the early stage
of search, providing a good foundation for the subsequent optimisation process.

3) Improvement of RRT algorithm based on target gravity idea:

The traditional RRT algorithm is prone to getting stuck in local optimal solutions during the search process
and has weak attraction to the target node. This article proposes an improved RRT algorithm based on the
concept of target gravity. By introducing the target gravity term, the search tree can more effectively approach
the target node during the growth process, thereby increasing the possibility of finding the global optimal path.
This improvement not only enhances the search capability of the algorithm, but also makes the planning results
more in line with actual transportation needs.

2. CURRENT WORK

At present, the research of urban microcirculation traffic network planning at home and abroad has led to
some achievements.

Boeing [3] used public and open data to study trends in street network design across the United States. By
constructing a theoretical and measurement framework based on the quality of the street network, it was found
that from 1940 to the 1990s, grid-like characteristics showed a downward trend, while cul-de-sac and block
length increased. Since 2000, however, these trends have started to rebound, returning to historical design
patterns. Still, controlling for topographic and built environment factors, the decade after 1939 has a lower
grid-like character compared to the decade before 1939. High grid-like characteristics are associated with lower
vehicle ownership, which is associated with miles driven and greenhouse gas emissions. This study shows that
the internet grid street network is an important tool for reducing vehicle dependence and emissions. Therefore,
active planning is essential to establish street patterns and has a long-term impact on the urban spatial structure.
Yu et al. [4] designed a prediction method of urban and rural road network spatial evolution based on remote
sensing data. According to the road width of main road categories, a single edge response edge detection
method is used to extract remote sensing image edge data, and the scale factor is introduced to obtain the road
network characteristics under the optimal scale segmentation. Based on the time order and space order of the
virtual route, the basic model of spatial evolution prediction is constructed. By using the spatiotemporal
autocorrelation function and its partial correlation function, the spatial and time autoregressive order and the
spatial and time moving average order of the model are identified, and the correlation parameter values
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estimated by the maximum likelihood estimation method are combined to achieve the best performance of the
prediction model. Sreekumar et al. [5] developed a multilevel traffic flow model that considers the feasible
and accessible gaps for a single vehicle class to traverse downstream. The model takes into account the
different shares of different vehicles. The concept of driving distance and the modified equilibrium speed
function are used to model the interactions between multiple vehicle classes. The evolution of two types of
traffic flows is demonstrated by using the high order finite volume approximation method. The model
replicates outstanding empirical features exhibited by multiple classes of disordered traffic, such as overtaking
and crawling. Changes in the share of small vehicles can affect queuing and emission characteristics and have
a significant impact on road capacity. The model can also more realistically calculate dynamic grade-specific
travel times under different vehicle components. Hussain et al. [6] developed a green LED dynamic
luminescence (G-LED) system (a combination system with a countdown strategy) and evaluated it through
driving simulator experiments. The efficiency of the proposed system is compared with a default traffic light
condition with a green-yellow-red sequence (i.e. control condition) and a flashing green (F-green) traffic light
(i.e. sequence: green-flashing green-yellow-red). Sixty-seven participants with valid Qatari driving licenses
participated in the study. All participants went on a simulated run, replicating the real environment of the road.

The above methods have achieved good results at the present stage, but there is still a problem of insufficient
overall planning, focusing only on some hot spots or specific travel needs, while ignoring the entire urban
traffic network planning. Such local planning can easily lead to urban traffic imbalance and cannot be applied
to the renewal and re-planning of network nodes, affecting the overall efficiency of urban traffic. Therefore,
this paper proposes a planning method of urban microcirculation traffic network based on fast search random
tree algorithm. Fast search rapidly exploring random tree is an effective optimisation method in
microcirculation traffic network planning. The algorithm combines the characteristics of fast search and
random tree, and can quickly find the optimal traffic path in large-scale network and take into account several
target indicators, such as the shortest path, the minimum traffic congestion and the minimum emission.
Through the rational layout of roads and transportation facilities, the traffic mobility is optimised to meet the
diversified travel needs of urban residents.

3. URBAN MICROCIRCULATION TRAFFIC NETWORK PLANNING

The traffic network planning scheme design is shown in Figure 1:

Start

Constructing a road network +
model using directed graphs

Determination of the shortest path

Equilibrium distribution of

tfafﬁiﬂow Using improved RRT algorithm

to plan traffic networks

Establishing a link framework for
urban microcirculatory transport
network

I

End

Figure 1 — Traffic network planning scheme

In the planning scheme shown in Figure 1, the urban microcirculation traffic network model is constructed
by means of the directed graph method, and the interference intensity and capacity of the road network are
calculated. Secondly, the interpolation collision detection method is introduced to obtain the final shortest path,
calculate the number of shortest paths and set the constraint conditions. Then the fast search random tree
algorithm is improved, the target gravity function is established, and the growth guidance function from the
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initial node to the target node is obtained. Finally, the new nodes after planning are extracted to complete the
optimisation of traffic network path planning.

3.1 Construction of transport network link framework

Urban microcirculation traffic network is a complex system composed of various roads, paths and traffic
facilities. The link frame construction can abstract urban traffic network into a series of interconnected paths
and nodes. By constructing this framework, we can accurately describe the relationship between different
paths, the length and shape of paths, and the relative positions of nodes. By simulating the combination
configuration of different links and nodes, and combining multidimensional data such as traffic flow, speed
and congestion, a directed graph model is used to accurately describe their spatial relationships. By adjusting
the length, shape and node positions of the link, and considering factors such as channel allocation, power
control and signal-to-noise ratio, the link framework can dynamically evaluate the traffic efficiency and safety
of the transportation network under various configurations. In order to realize the intelligent reconstruction of
the traffic network structure so as to adapt to the constantly changing traffic demands, use the capacity formula
to quantify the transmission and traffic capacity of links and optimize the link allocation. Including traffic
flow, speed, congestion etc. helps traffic planners to accurately predict traffic flow [7-8], optimise road
circulation and improve road use efficiency and safety.

A directed graph Q=(W,U) is used to describe the urban microcirculation traffic network, where set w
is composed of edges and set U is composed of nodes. The numbers of links and nodes in the traffic network
[9] are set to G and s respectively, with U={L2--,S} and W={L2,---G}, and node i has Z

interfaces in the traffic network, where I; is used to represent the link connecting node i to node j. The

ij
channels form set D={L2,--M} in the traffic network, where M represents the number of available
channels. Let the set C={1,2,---,P} be composed of time slots, where P represents the total number of time
slots allocated by various resources in traffic network planning [10]. Let S(;) ={Sy, (;),*, Sy (F)} represent

the power corresponding to the link in the urban microcirculation traffic network, where s, (f;) and S, (r;)
respectively represent the lower and upper limits of the link power under the normal operation of the urban
microcirculation traffic network.

When both slot C; and channel D are determined, s°”

,D,

" is used to represent the transmitted power of

the node in the link I; . A threshold is set so when the signal to noise ratio of the receiving node in the network
link is higher than the threshold, the receiving node can receive the information transmitted over the network.
Therefore, the signal to noise ratio &; represents the interference intensity of the link in the traffic network
flow [11-13]:

55" AD;
K = E, ()

ij
ZSC P AD u uv)

where AD;; is the channel gain generated by link F; in the urban microcirculation traffic network; E

stands for white noise interference; Zs° P« AD,,&(r;,1,,) Indicates that link 1; is interfered by other links in
ij
the urban microcirculation traffic network.

In order to better understand and analyse the flow status of the urban microcirculation traffic network, the
link allocation of the traffic network [14] is completed by introducing the capacity formula. The capacity
formula can be used to calculate the rate of information transmission, and it can also be used to measure the
capacity in a traffic network. Based on the calculation results of formula (1), the capacity formula is introduced
to establish the link framework of urban microcirculation traffic network as follows:

O =K pVy )
where p represents the saturated traffic density of the link; V; represents the free flow speed of the vehicle
on the link; o; indicates the capacity of the link.
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In urban micro circulation transportation networks, speed and flow are key indicators for evaluating
network performance. The free flow velocity of a link reflects the maximum capacity of the road under
unobstructed conditions, while the saturated flow density represents the maximum vehicle density that the road
can carry under given conditions. By combining the two through capacity estimation and quantifying the actual
traffic capacity of the link, it is possible to reveal the location of traffic bottlenecks, optimise traffic signal
control and road layout, thereby improving the operational efficiency and safety of the entire transportation
network.

3.2 Determining the shortest path

Urban microcirculation traffic network usually contains a large number of roads and paths. By determining
the shortest paths and then selecting the unobstructed ones from them, traffic - congested sections and
bottlenecks can be avoided. In cities, traffic flow is unevenly distributed, and some sections or intersections
are prone to congestion. Determining the shortest path can bypass these congestion points and choose a faster
route, improving overall traffic mobility. This helps to improve the sustainability of urban transport systems.
The shortest path is the shortest route from the starting point to the end point. The determination and quantity
calculation of the shortest path are helpful to find the optimal scheme. It plays an important role in urban
microcirculation traffic planning [15-16], traffic volume estimation, road velocity calculation etc., which
greatly improves the scientificity and accuracy of urban microcirculation traffic network planning and provides
decision-making basis for transportation planners.

To help optimise the traffic flow [17-19] and reduce congestion and travel time, before determining the
shortest path, the curve travel path expansion process is set up to reduce congestion and improve traffic speed by
increasing the flexibility of the curve. The expansion process of the curved driving track is shown in Figure 2.

Node to be expanded

'

Generate a random number i between [1,0]

, ey

Y Y

Extend Unable to expand
I |

End

Figure 2 — Probability-based curve trajectory expansion process

As can be seen from Figure 2, in the process of shortest path search, vehicles are regarded as nodes. Most
nodes are extended according to the normal vector outside the road edge surface, and the relevant expansion
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information is preserved in the nodes. Therefore, the vehicle information in the route is used to determine the

key nodes, optimise the route layout of the traffic network and eliminate other redundant nodes based on this.

The criteria for determining key nodes include:

1) The start and end of the path;

2) From the beginning of the path, the first node with a directional attribute;

3) Interpolating collision detection is introduced to optimise the path and generate the starting point, end point
and inflection point of the path;

4) Start from the key vehicle with attribute vector n and search back. When there is a node with an angle
greater than 40° between the attribute vector and the attribute vector of this key node, it indicates that the
road edge surface near the location of the vehicle node on this path is likely to have large convex and
concave phenomena. To ensure that the path is always near the road edge, this node is set as the key node
of the path. The nodes x1 and x2 are shown in Figure 3.

Road

' Vehicle X2

Vehicle X1
n2

>40° b

Figure 3 — Schematic diagram of the driving path on the curve

According to the definition of key nodes, interpolating collision detection is introduced to optimise the
path to identify and retain the key nodes in the path and eliminate the redundant points in the path. The
optimisation process is as follows: starting from the starting point of the path, the path points that do not
belong to the key nodes are eliminated, the key nodes are retained, and then the interpolation collision
detection is implemented between each key node. If the collision occurs between two nodes, the
backtracking collision detection is performed on the latter key node based on the original path. Then the
path guidance algorithm is used to predict the traffic flow, select the best path to optimise the traffic
efficiency, find the shortest path and reduce the congestion and travel time. Thus, the objective function
of obtaining the optimal and shortest path trajectories is:
mint; =Y, AT,0y (| —1]) ®3)

ij
In the formula, AT; represents the delay time of the journey, |j—i| represents the distance of the traffic

route track, and Y; represents the constraint conditions of the mathematical model of the shortest path of urban
microcirculation traffic, which are shown as follows:

Y =

]

LW, eR(LK)
{o,wij ¢ R(L,K) )]

In the above formula, W, represents the side road, R(L,K) represents the set of optimal urban

microcirculation traffic routes constructed, that is, the set of urban traffic shortest paths from the start L to
the end K of the traffic route trajectory.
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The two vertices f, and f. in the optimal traffic roadmap are constructed by R(L,K), and the trajectory
of any driving path issetto h, the lengthis 1(h),and H(X, f, ;) is used to represent the set of all possible

v i b
trajectory paths. This set can also be called the path set of the two vertices f, and f; of the optimal traffic
roadmap, and the expression is:

H(X, f, f;)={Y;hl he U} (5)

According to the constraints of the urban traffic shortest path function, the distance of urban traffic path is
ordered and the shortest path of urban traffic is calculated, which can be expressed as:

mint, ={hl I(h)<I(h,)<...<I(h,)} (6)
As can be seen from Equation 6, in the optimal urban traffic roadmap, the first shortest path of urban traffic
is I with distance 1(h,), and the second shortest path of urban traffic is h, with distance I(h,). Similarly,

any shortest path g with distance h, in I(hq) can be calculated according to the above equation. Therefore,
the shortest path of urban microcirculation traffic network can be determined.

3.3 Global planning based on improved RRT algorithm

The determination of the shortest path is based on static road data and preset traffic conditions. However,
there are some special traffic restrictions in the city, such as restricted areas, priority areas, vehicle type
restrictions etc. These limitations may have an impact on the shortest path. Therefore, in practical applications,
real-time traffic information needs to be taken into account to adjust route planning, avoid congestion and
choose faster routes. The RRT algorithm is improved by introducing the idea of target gravity to plan the global
path of urban microcirculation traffic. The improved RRT algorithm can realise global planning by increasing
the number of random sample points and growth guidance function, and improve the efficiency and accuracy
of traffic planning. The growth guidance function can help the algorithm to better explore the search space by
considering the traffic flow, the shortest path and the number of factors, so as to avoid falling into the local
optimal solution and to guide the path search process.

Inthe root node ¢ of each RRT tree, the same target gravity function g(¢) is introduced, and the growth
guidance function from the initial node through node & to the target node is as follows:

_ r(g)||x i 1"
v, =a-H )
minr;’

where: r(g) represents the random growth function from the initial node to node €; « represents the

coefficient of gravitational field; X indicates the target node; ||| represents the norm value of the geometric

distance.
The shortest path for the new node to approach the target point is determined by formula (7). The expression

is:
i ~Xia

min r(&') l//gx——)("
i-1

®)

The urban traffic network optimisation model requires the support of multiple optimal paths. In order to
ensure smooth traffic, it is necessary to reduce the number of optimal path plans so as to relieve congestion
[20-22]. In order to evaluate the accuracy and reliability of shortest path planning, the path is optimised
according to the ratio between the error value of the shortest path and the optimal path, so as to provide more
accurate data support for subsequent traffic planning.

Suppose that in the shortest path, the shortest path accounts for n% of all planned paths, then the expression
of the error value ¢ of the shortest path planning is:

E~minr((e) u>0
d=4p 9)
0 us<o
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where p is the number of all paths and the number of optimised pathsis s,then u-=s— p-n% .
Then the ratio z of the optimal path is:

T=(S+5,+S,-S,)/ p (10)

where s represents the number of optimal network paths, S, represents the optimal shortest path, S,

represents the conventional network path, and S, represents the longest path planning. Each path planning in

the traffic network model is fixed, and if there are , optimal paths that can be re-planned in real time, then:
M t>0

Y=< -t (11)
0 t<0

where t represents the paths with more than 10 optimal paths that can be re-planned in real time, and h
represents the number of optimal paths in the urban traffic network optimisation model.
Combined with the number of optimal paths above, the new node  is finally extracted to complete the

global planning. The formula is as follows:
gZL,( X=Xq %=Xy J 12
X %=Xl =]

4. EXPERIMENTAL DESIGN AND RESULT ANALYSIS

4.1 Experimental setup

An urban road network is selected as the research object. The road section length of this road network is
700 m, the road section width is 4 m, the total number of intersection nodes is 50, there are 2500 virtual
vehicles, the average speed is 60 km/h, the average cycle of each signal light is 60 s, the interval time of signal
lights is 30 s, and the simulation experiment of the setting experiment is 24 h. The scale of the road network
simulation model is 1:100. The simulation was conducted on a PC with 2.50 GHz dual-core Inter(R) Core(TM)
i5-2450M processor, Nvidia GeForce 630M graphics card and 4 GB memory and Windows 10 operating
system. Matlab simulation software was used to verify the global path planning method of this study. The
selected road network for the experiment and the microcirculation traffic network after research method
planning are shown in Figure 4.
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L J J
\\_\‘& a5 ,/ //,,,
t \\ ' '/ {7
Ver- | )
(\ 2o
\ -

(a) Experimental road network

(b) Microcirculation traffic network after
research method planning

Figure 4 — Road network before and after using research methods
4.2 Results and analysis

In order to further test the effectiveness of obtaining the shortest path by using the fast search random tree road network
planning method proposed in this paper, the local road network shown in Figure 4 is taken as the test object. The theory
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and measurement framework based on street network quality proposed in reference [3], remote sensing data network
planning method proposed in reference [4] and multistage traffic flow network planning method proposed in reference
[5] are used as comparison methods. The comparison results are shown in Figure 5.
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Figure 5 — Obtaining optimal path results under different methods

According to the experimental results in Figure 5, for the same starting point and destination point, the
research method in this paper can plan a shorter path. Compared with the street network quality-based theory
and measurement framework proposed in the reference, remote sensing data road network planning method
and multi-level traffic flow road network planning method, the path distance is greater than that of the research
method. It shows that the research method has significant advantages in path optimisation.

The test results of road network planning delay rate under different methods are shown in Figure 6.
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= Theoretical and measurement framework based on street
5 | network quality
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Fast search random tree road network planning method
l l l |
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Number of experimental iterations/time

Figure 6 — Test results of urban traffic network delay rate
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As can be seen from the test results in Figure 6, under the application of the street network quality-based
theory and measurement framework and the multistage traffic flow network planning method, the urban
traffic network delay rate is always higher than 13%, and at the 3000" iteration of the experiment, the
urban traffic network delay rate increases to 15%~20%. When the remote sensing data network planning
method is used to optimise the urban traffic network, the delay rate of the urban traffic network is the
lowest 14% and the highest 22%, and the delay rate has strong fluctuation and poor stability. After using
the fast search random tree network planning method to plan the urban traffic network, the maximum
delay rate of the urban traffic network is only 11%, and with the increase of the number of iterations, the
urban traffic network delay rate does not change much. On the whole, the research method has certain
robustness.

The energy consumption of urban transport network refers to the energy consumed by urban transport
activities, including road traffic, public transport and taxi traffic modes. The test results of road network
energy consumption after urban transportation network planning with different methods are shown in
Figure 7.

50
40

30 [~
—A—— Remote sensing data road network planning method

» Theoretical a_nd measurement framework based on street
network quality

—*— Multi-agent road network planning method

—@— Fastsearch random tree road network planning method

| | | | |
0 500 1000 1500 2000 2500 3000
Number of experimental iterations/time

20

Energy consumption of transportation network/kJ

Figure 7 — Energy consumption test results of urban transportation network

As can be seen from the results in Figure 7, in the process of 3000 iterations, the traffic energy consumption
of the fast search random tree road network planning method is lower than 10 kJ, which effectively reduces
the energy consumed by urban transportation activities, indicating that the research method has a better
optimisation effect.

In order to test the resource allocation effect of the fast search random tree network planning method, street
network quality-based theory and measurement framework, remote sensing data network planning method and

multilevel traffic flow network planning method, Jain fairness index F, is introduced to carry out the test. Jain
fairness index is used to measure the fairness of resource allocation, and its calculation formula is as follows:

n T
Fo=>(=)
Zl ( 5 ) (13)

where T, represents the transmission capacity of the i link in the traffic network; O, represents the actual
throughput of link i in the network when all n links are in working state.

The higher the Jain fairness index F, is, the more reasonable the resource allocation of the method is.
When the value of index F is 1, it indicates that the resource allocation in the intelligent transportation
network is absolutely fair.

The Jain fairness index F, of different methods is shown in Figure 8.
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Figure 8 — Jain fairness index of different methods

The analysis of Figure 8 shows that the Jain fairness index of the research method in this paper is higher than
that of the other three methods in different scenarios. Urban transportation resources (such as roads, buses etc.)
are fairly distributed among different regions or groups, and the service quality obtained by each region or
group is relatively balanced, and there is no obvious inequality in service quality. This indicates that the effect
of transportation network planning is good, which can meet the travel needs of different groups, improve the
overall transportation efficiency and public transportation service level of the city, and indicate that the
proposed method maintains a high fairness in the allocation of urban microcirculation transportation network
resources.

5. CONCLUSION

In order to further optimise the effect of microcirculation traffic network planning, a planning method based
on fast search random tree algorithm was proposed to realise urban microcirculation traffic network planning.
The experimental results show that the low delay rate of urban transportation network can effectively shorten
the energy consumed by urban transportation activities, and the Jain fairness index of the proposed method is
higher than that of the other three methods in different scenarios. The results show that the urban
microcirculation traffic network planning method proposed in this paper is effective.

However, many problems and challenges remain. For example, how to integrate different transportation
mowdes reasonably and make better use of innovative technological means to improve the efficiency and
convenience of urban transportation. Therefore, future urban microcirculation traffic network planning needs
to be further studied and explored, constantly improve the traffic management mechanism and market-oriented
operation mode and enhance the public’s acceptance and utilisation rate of microcirculation traffic.

The following are the limitations of the method used in this article:

1) Computational complexity: With the continuous expansion of urban scale, road networks have become
more complex. The computational complexity of the method proposed in this article will significantly
increase with the increase of network size, which may lead to low computational efficiency in the planning
of transportation networks in mega cities.

2) Parameter adjustment and optimisation: The performance of the method is affected by multiple parameters,
such as the setting of target gravity and the selection of search step size. The slow adjustment and
optimisation process of these parameters may have an impact on the planning results.

3) Insufficient multi-objective optimisation: In actual transportation network planning, it is often necessary to
consider multiple objectives simultaneously (such as minimising time, energy consumption and

1130



Promet — Traffic&Transportation. 2024;36(6): 1120-1132. Smart Cities and Urban Mobility

congestion). Although this method has optimised the path to some extent, it may not be flexible enough
when dealing with multi-objective optimisation problems.

ACKNOWLEDGMENT

This work was supported by Young Innovative Talents Project of Basic Scientific Research Business Expenses
of Heilongjiang Provincial Undergraduate Universities (145109236).

REFERENCES

[1] Chen Z, Zhen G. A bidirectional context-aware and multi-scale fusion hybrid network for short-term traffic flow
prediction. Promet — Traffic&Transportation: Scientific Journal on Traffic and Transportation Research.
2022;34(3):407-420. DOI: 10.7307/ptt.v34i3.3957.

[2] SunY, XuJ, Wu H, et al. Deep learning based semi-supervised control for vertical security of maglev vehicle with
guaranteed bounded airgap. IEEE Transactions on Intelligent Transportation Systems. 2021;22(7):4431-4442.
DOI: 10.1109/T1TS.2020.3045319.

[3] Boeing G. Off the grid... and back again? The recent evolution of American street network planning and design.
Journal of the American Planning Association. 2021;87(1):123-137. DOI: 10.1080/01944363.2020.1819382.

[4] YuN, LuHJ, DengL, et al. Prediction simulation of spatial evolution of urban and rural road network based on
remote sensing data. Computer Simulation. 2022;39(4):110-113.

[5] Sreekumar M, Mathew T V. Modelling multi-class disordered traffic flow subject to varying vehicle composition
using the concept of traversable distance. International Journal of Modern Physics C. 2020;31(12):97-118. DOI:
10.1142/S0129183120501703.

[6] Hussain Q, et al. Improved traffic flow efficiency during yellow interval at signalized intersections using a smart
countdown system. IEEE Transactions on Intelligent Transportation Systems. 2022;23(3):1959-1968. DOI:
10.1109/T1TS.2020.3030130.

[7] Sundhari R, Murali L, Baskar S, PM Shakeel. MDRP: Message dissemination with re-route planning method for
emergency vehicle information exchange. Peer-to-Peer Networking and Applications. 2020;14(4):2285-2294.
DOI: 10.1007/s12083-020-00936-z.

[8] Victor S, Receveur JB, Melchior P, Lanusse P. Optimal trajectory planning and robust tracking using vehicle model
inversion. IEEE Transactions on Intelligent Transportation Systems. 2021;23(5):4556-4569. DOI:
10.1109/T1TS.2020.3045917.

[9] Eichler M. Linking incidents to customers (LINC): An algorithm for linking incidents to rail customer delays
inspired by traffic flow theory. Transportation Research Record. 2022;2676(3):598-607. DOI:
10.1177/03611981211054831.

[10] Victor S, Receveur JB, Melchior P, Lanusse P. Optimal trajectory planning and robust tracking using vehicle model
inversion. IEEE Transactions on Intelligent Transportation Systems. 2021;23(5):4556-4569. DOI:
10.1109/T1TS.2020.3045917.

[11] Zhou C, et al. A method for traffic flow forecasting in a large-scale road network using multifeatures. Promet —
Traffic&Transportation: Scientific Journal on Traffic and Transportation Research. 2021;33(4):593-608. DOI:
10.1177/0361198121105483.

[12] Lu B, et al. Make more connections: Urban traffic flow forecasting with spatiotemporal adaptive gated graph
convolution network. ACM transactions on intelligent systems and technology. 2022;13(2):235-259. DOI:
10.1145/3488902.

[13]Chen C, et al. An edge traffic flow detection scheme based on deep learning in an intelligent transportation system.
IEEE transactions on intelligent transportation systems. 2021;22(3):1840-1852. DOI:
10.1109/TITS.2020.3025687.

[14] Nilsson G, Como G. Generalized proportional allocation policies for robust control of dynamical flow networks.
IEEE Transactions on Automatic Control. 2022;67(1):32-47. DOI: 10.1109/TAC.2020.3046026.

[15] Sundhari R, Murali L, Baskar S, Shakeel PM. MDRP: Message dissemination with re-route planning method for
emergency vehicle information exchange. Peer-to-Peer Networking and Applications. 2020;14(4):2285-2294.
DOI: 10.1007/s12083-020-00936-z.

[16] Dalal J, Ster H. Robust emergency relief supply planning for foreseen disasters under evacuation-side uncertainty.
Transportation Science. 2021;55(3):791-813. DOI: 10.1287/trsc.2020.1020.

1131


https://xueshu.baidu.com/s?wd=author:(Q%20Hussain)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(PM%20Shakeel)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(P%20Lanusse)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(P%20Lanusse)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(C%20Chen)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(PM%20Shakeel)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

Promet — Traffic&Transportation. 2024;36(6): 1120-1132. Smart Cities and Urban Mobility

[17]K]ljaié Z, et al. Scheduling of traffic entities under reduced traffic flow by means of fuzzy logic control. Promet _
Traffic&Transportation: Scientific Journal on Traffic and Transportation Research. 2021;33(4):621-632. DOI:
10.7307/ptt.v33i4.3686.

[18] Karpagalakshmi RC, et al. An effective traffic management system using connected dominating set forwarding
(CDSF) framework for reducing traffic congestion in high density VANETSs. Wireless personal communications:
An International Journal. 2021;119(3):2725-2754. DOI: 10.1007/s11277-021-08361-y.

[19] Sandamali, GGN, Su R, Sudheera KLK, Zhang Y. A safety-aware real-time air traffic flow management model
under demand and capacity uncertainties. IEEE Transactions on Intelligent Transportation Systems.
2022:23(7):8615-8628. DOI: 10.1109/T1TS.2021.3083964.

[20] Artunedo A, Villagra J, Godoy J. Jerk-limited time-optimal speed planning for arbitrary paths. IEEE Transactions
on Intelligent Transportation Systems. 2021;23(7):8194-8208. DOI: 10.1109/T1TS.2021.3076813.

[21]Jasim I, et al. The relationship between traffic congestion and land uses: A case study of Al-Kut city, Irag. Journal
of urban regeneration and renewal. 2021;14(3):264-271. DOI: 10.69554/AGYB2553.

[22] Pi M, et al. Visual cause analytics for traffic congestion. IEEE transactions on visualization and computer
graphics. 2021;27(3):2186-2201. DOI: 10.1109/TVCG.2019.2940580.

F T HUE R R BN S0 3 T AR R 3 30 T8 I 28 R 77 ¥

T

BT SRR AT S EUR AT SRR S A AE, L0 RAER SCIA  BLLAK
M. R L JRH AT O SR BEHUR BRI R
AT B EER SR, SR TRSRRE R PG (L RERR I %
RO PEIORORRE G SBALAS 4531 5] A RRT 5735, FHE08 K51 S 1R
MCHLRB G, SR AR SCBIMALE). Ss RN, SBLA AR,
I G SR, AEIBE 11900 E o MU B P REREIET 1010, (R T30t
RSB I BRI 2 4L  SCB 8 T V7 k05 TR 2
K, BRI EBNU S OB CE: BEMALY: BOREHE: K S
H

1132


https://xueshu.baidu.com/s?wd=author:(GGN%20Sandamali)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(R%20Su)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(KLK%20Sudheera)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(Y%20Zhang)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

