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Abstract 

 
Compared with traditional adaptive algorithms, the complex and changing operating 
environment of intelligent networks demands high real-time accuracy in data transmission, 
necessitating an accurate and adaptive traffic light control strategy. Machine learning (ML) 
techniques can predict traffic conditions based on historical data and real-time information. 
However, some scholars have mentioned that ML techniques are still deficient in real-time 
response and in coping with random traffic accidents. Traditional Reinforcement Learning 
(RL) requires repeated trial and error operations. Applying traditional RL techniques to the 
optimal control of traffic lights may lead to more serious traffic congestion in some cases. 
Therefore, this paper combines perceptual control with real-time adaptive control methods to 
provide a rule-based reasoning method for adaptive intelligent perception and precise control 
of traffic signals under real-time smart grid-connected hybrid vehicle conditions. IIoT 
(Industrial Internet of Things) devices are utilized to monitor the parking queue length, 
pedestrian flow, vehicle flow, and traffic flow in each lane in real time to dynamically adjust 
the green light duration. By adjusting the light priority according to real-time vehicle and road 
conditions, this method solves the problem of wasting green lights when random accidents 
occur in a certain lane, optimizes traffic light settings, achieves real-time precise control of 
lane flow, and improves the adaptability and precision of traffic lights.  
 
 
Keywords: Adaptive, intelligent sensing, rule-based reasoning, real-time control, IIoT 
(industrial internet of things). 
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1. Introduction 
With the increasing maturity of artificial intelligence, wireless communication technology, 
sensing technology, image analysis and processing technology[1], vehicle networking 
technology[2], and unmanned technology[3]. Intelligent technologies have been integrated 
into everyday life, scientific education, military deployment, and other civil and military 
fields[4]. In the context of accelerating urbanization and the continuous application of 
unmanned vehicles, the problem of traffic congestion has become increasingly serious. RL-
based methods for traffic signal control usually require a large number of update iterations and 
repeated trial-and-error in order for the traditional RL model to produce a more desirable result 
in a simulated environment. X. Yang[5], H. Wei[6], Y. Liu[7], M. Noaeen[8], Y. He[9] have 
studied the application of RL in traffic signal control. ML-based technology is based on 
historical data and real-time information to predict traffic conditions, there are still challenges 
in the accuracy and reliability of ML models for real-time and random events. Signal control 
at individual intersections mainly includes timing control, perception control, and real-time 
adaptive control[9-11]. This paper combines perception control and real-time adaptive control 
methods, utilizing traffic parameters determined by vehicle detectors to optimize signal control 
schemes in real-time. The objective is to maximize the benefits of control at individual 
intersections to adapt to the stochastic variations in traffic demand.  

Compared to traditional adaptive algorithms for traffic signal timing, the real-time 
intelligent connected mixed traffic environment is complex and constantly changing, with a 
massive number of terminal sensor devices. Additionally, the intelligent connected vehicle 
system demands high real-time data transmission and precision. Although current traffic signal 
control methods based on historical data have achieved good results in vehicle travel 
prediction, traffic diversion, and route planning[12,13], they are insufficient in real-time 
performance and handling random traffic incidents. On the other hand, while real-time 
optimization control methods for intelligent traffic signal lights [8,14] exhibit certain real-time 
capabilities in signal control and can intelligently adjust signal lights based on predicted traffic 
flow[15], they are not precise enough. It is not possible to control the corresponding lane 
timing at large intersections with high traffic volumes, nor is it possible to effectively respond 
to random traffic accidents. Therefore, in response to the frequent occurrence of random traffic 
incidents in real-time complex traffic conditions, there is an urgent need to address the issue 
of precise traffic signal control strategies. Based on this background, the innovations and 
contributions of this paper are as follows: 

(1) This paper adopts automatic inference rules with a strict mathematical logic basis, 
which is more precise and rigorous than the rule-based inference method based on fuzzy 
control[16]. In the latter, precise numerical inputs are converted to membership values of fuzzy 
sets during the fuzzification process, and this conversion leads to loss of precision. 

(2) The method proposed in this paper performs real-time priority setting for traffic signal 
control system. It analyzes the current road traffic condition through real-time monitoring 
system and IoT data. In addition, it adjusts the signal duration setting and the corresponding 
lane indicator conversion in a timely manner. This method is conducive to improving road 
capacity and effectively solving the problem of green light waste. 

(3) In the last part of this paper, based on a simulation model of a large intersection, the 
method of this paper is compared with other signal control methods, and the experimental 
results based on the evaluation index system show that our proposed method is more effective 
in reducing the average delay of the intersection and improving the traffic efficiency in the 
case of large traffic flow and random accidents. 
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2. Fundamentals 
This paper proposes an adaptive and intelligent perception-based control method for real-time 
intelligent connected mixed traffic. It discusses the applications and challenges of RL and ML 
in intelligent traffic control. The section covers logical rule inference, priority queues, updates, 
and the selection of optimal coordinated sets of green lights in the method. 

2.1 Background 
With the rapid development of AI technology, there is a strong push to enhance the intelligence 
of autonomous driving systems[17]. ML, RL, and other AI algorithms have transitioned from 
theory to industrial application. ML is applied in traffic management to predict and plan road 
traffic, deploy resources, and optimize signal control through data analysis and modeling. RL 
has a powerful learning framework that adapts strategies based on the environment to 
maximize expected benefits[6,18].  

The use of ML and RL in traffic light control is a growing trend, with promising results in 
recent studies. However, existing research has not validated these methods using real-world 
traffic data and has primarily focused on rewards without analyzing the underlying policies. 
In addition, challenges remain in the accuracy and reliability of ML models due to factors like 
data quality and timeliness[19-20]. RL learns through trial and error[21], which can be risky 
in real-world applications like traffic signal malfunctions[22]. In addition, the more congested 
the traffic is and the more stochastic it is, the harder it is for the RL method to learn the optimal 
policy. To meet the requirements of a safe and efficient control system, this paper adopts 
automatic inference rules based on mathematical logic for real-time priority setting[23]. It 
analyzes current traffic conditions using real-time monitoring and sensor data, adjusting signal 
duration and lane indicators accordingly. This approach effectively enhances road capacity and 
improves the travel experience for pedestrians and drivers[24]. 

2.2 Logical Reasoning Rule Base 
Based on traffic regulations, road topology, and constraints related to traffic flow control, 
specific rules are formulated for each signal group within the area. These rules generate an 
inference rule library:  

 ( ) ( ) ( )j{ : | , ;0 1 }i i j i jS s G l R l l l L i n= → ∧ ∈ ≤ ≤ −  

S denotes the rule inference library and 𝑠𝑠𝑖𝑖 denotes the ith rule in the library. The rule 𝑠𝑠𝑖𝑖 
corresponds to the condition G(li) , which indicates that signal group li  is green, and R(li) 
represents the condition that signal group lj  is red. The expression "→ "  denotes that when 
signal group li is green, signal group lj must be red, where , [0, -1]i j n∈  are integers, and ∧ 
represents the logical AND operator. The specific rule schematic of si is schematized in Fig. 
1. 
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Fig. 1. Schematic diagram of rules 

 
In Fig. 1, the solid line from the south exit roadway to the west entrance roadway represents 

the route of green light il , with the starting point marked by a green dot. The rest of the lines 
in the diagram have red dots at their endpoints, which indicate all the routes with red lights 
corresponding to that rule. This rule states that when li  is green, while ensuring safe and 
efficient passage, l0 ,li-1 ,li+1 ,lj , and lj+1 should all display red lights. During this time, these 
segments are not allowed for passage. 

2.3 Priority Queue 
Based on the data from road monitoring, radar sensors, and feedback from intelligent 
connected vehicles within the area, road condition analysis is conducted. Following the 
principle that the longer the queue length of vehicles at each intersection lane, the greater the 
number of pedestrians waiting at pedestrian crossings, and the lighter the congestion of 
vehicles on the road ahead, the higher the priority, each signal light element is evaluated in 
terms of priority. The priority queue for the current signal light group is then initialized. 

Road condition analysis is conducted in the current cycle using regional road monitoring, 
radar sensors, and intelligent networked vehicle feedback data. Deep learning (DL) methods 
are employed to process the images from road monitoring, vehicle speeds from radar sensor 
feedback, and vehicle speeds along with driving routes from intelligent networked vehicles. 
The DL methods used can include frame differencing algorithms or pyramid Lucas-Kanade 
optical flow algorithms, among others. 

The formula for calculating the priority weight of any signal 𝑙𝑙𝑖𝑖 is: 
 · · · · ·i i p i v i Len i c i JW P W v W Len W C W J W= + + + + . (1) 

Wi——Priority of signal element li. 
Pi——Number of pedestrians at sidewalk intersections corresponding to li. 
vi——Average speed of vehicles in the lane corresponding to li. 
Leni——Length of lane parking holding corresponding to li. 
Ji——Lane congestion for the lane corresponding to li (0/1). 
Ci——Whether a green-to-red light event occurred for li (0/1). 

In the equations, when there are no waiting pedestrians, or the road ahead is blocked and 
not passable, or there are no vehicles passing through the section, the values of Pi, vi and Leni 
are all 0. Ci=1  indicates that a green-to-red light event occurred previously, while Ci=0 
indicates no such event occurred. When the average speed vi=0, Ji=1 represents congestion, 
and Ji=0 represents no congestion. The initial values are Ci=0 and Ji=0. Wp, Wv, WLen, Wc, 
and WJ are predetermined weight parameters corresponding to pedestrian count, average lane 
speed, lane parking holding length, event, and congestion, respectively. Wp, Wv, and WLen are 
set as positive values, while Wc is set as a negative value, and WJ is set as negative infinity. 
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In real-world scenarios, road cameras are often used to capture real-time footage of the 
road. It is necessary to recognize pedestrians and vehicles in the footage in order to calculate 
Pi, vi and Leni values: 

(1) Number of waiting pedestrians (Pi ) at sidewalk[25] intersections corresponding to 
signal group li: The number of waiting pedestrians on a sidewalk refers to the total count of 
pedestrians waiting to cross the street during a specific time period[26], which is shown in 
Equation (2): 
  i i pP SP t= ×  (2) 

SPi——Number of pedestrians passing through the sidewalk in a unit of time. 
tp——Time period of observation, measured in seconds (s). 

(2) Average speed of vehicles (vi) in the lane ahead of the signal: The simplest and most 
intuitive indicator of traffic congestion is the speed of vehicles[27]. Any type of road is 
considered congested when the speed is below 10 km/h. Based on this, this paper considers 
the average vehicle speed as a quantitative indicator of traffic congestion, vi=v�.The calculation 
method for the average travel speed is shown in the following equation: 

  

1

i n
ii

nLv v
t

=

= =

∑
 (3) 

L——Length of the road segment, excluding intersections (km). 
ti——Time it takes for vehicle i to pass through the road segment,(h). 
n——Number of vehicles measured. 

(3) Length of the queue of vehicles (Leni ) in the lane at the intersection: In traffic 
management, the queue length refers to the length of the vehicle queue formed when vehicles 
stop and wait at a traffic signal or lane during a red light. It represents the number of vehicles 
waiting to pass in a lane[28]. In this paper, the following calculation method is used: 

  i s vLen d N= ×  (4) 
ds——Safe distance between adjacent vehicles in the queue, (km). 
Nv——Number of vehicles in the queue waiting to pass. 

Next, the signal elements are arranged in descending order based on their priority values to 
obtain the initial priority queue Priority = {l0, l1, ……, ln-1} , where li, i=0,…, n-1  represents 
different signal groups. 

In order to improve the accuracy of the evaluation results as well as to fully reflect the 
evaluation needs of the actual operation of intersections, an intersection access efficiency 
evaluation index system consisting of passing time, average delay, and stopping rate is 
established[29-33]. Typically, lower result values for these indicators indicate more efficient 
access. The following definitions were consulted from the VISSIM professional manual[35]: 

(1) Intersection Passing time. The formula given in the VISSIM manual is to use the total 
traveling time te, plus the total delay time ts, to get the passing time T through the intersection 
(based on the same section length measured on each road segment for data collection). This is 
shown in Equation (5) below. 
  e sT t t= +  (5) 

(2) The average intersection delay is calculated as the time from when a vehicle enters the 
intersection to when it exits the intersection. The average intersection delay d is equal to the 
total delay time ts, divided by the sum of the number of vehicles in the network, Ve, and the 
number of vehicles that have arrived, Vs. The specific Equation is (6): 
  ( )/s e sd t V V= +  (6) 
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(3) Intersection Stopping Rate. The stopping rate is the total number of vehicles stopping 
after entering the queue as a percentage of the total flow. In this paper, the stopping rate is 
defined as the percentage of the total number of stops q and the effective sample vehicles 
traveling within the intersection after the vehicles enter the queuing state.  The effective sample 
vehicles here are equal to the number of vehicles in the road network Ve plus the number of 
vehicles that have arrived Vs, as shown in Equation (7): 
  ( )/ e sQ q V V= +  (7) 

2.4 Acquisition of coordinated set elements 
Based on real-time traffic monitoring and sensor data analysis of the current conditions in the 
lane ahead, the capacity and saturation of the lane are determined. The initial green light 
duration for each signal group is initialized as GreenT = {t0, t1, ..., tn-1}. For safety reasons, 
the green light duration is generally within the range of [30s,120s]. If the lane ahead is 
congested and not passable,ti=0. A two-dimensional array, PriorityGreen[n][2], is used to store 
the priority element information and the corresponding green light duration for each signal in 
the priority queue, PriorityGreen[i][0]=li, PriorityGreen[i][1]=ti. Considering the current road 
condition monitoring, elements representing lanes or sidewalks are selected one by one from 
the initial Priority  queue for green lights. Each element is evaluated against the mutually 
exclusive relationships in the inference rule library 𝑆𝑆. If the requirements are not met, the next 
element in the queue is selected. The resulting groups of green, yellow, and red lights that can 
be activated simultaneously in this round are denoted as Gi={lk, lj, ..., lm},and the number of 
elements in Gi is recorded as numi. A two-dimensional array CGreen[n][2] is used to store the 
information of the Gi  groups in the current round, where CGreen[n][0]={Gi} 
and CGreen[n][1] = {numi}.The coordination set CGreen is continuously updated, prioritizing 
the principle of allowing as many vehicles as possible from different directions to pass. The 
optimal coordinated green light set for the current round, CGreen1[i][j], is selected. When 
updating the Gi set it is important to avoid that the element to the right of " → " in the added 
rule contradicts an already existing green light, and let ( )i i j jSR s R l= → ∧ , si denotes the rule 

whose " → "left element is li, and SRi denotes all the red-lighted elements to the right of that 
rule. The expressions for updating the red and green lights are as follows: 
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 CGreen[ ][0]={G0,G1,…,Gn-1} (10) 
In the above expressions, li = PriorityGreen[i][0], where n is the total number of traffic 

lights. Gn and Rn are initialized as empty sets. Move the first element of the initial Priority  
queue to the end, resulting in { }0 1 1, , , njPriority l l l −= … . Repeat this operation until l0 becomes 
the first element of the priority queue again: 
 { } { }{ }1 1 0 1 1 1 0 2, , , , , | 0, , 1 , , , , , ,j i n i j i n iPriority l l l l i n Priority l l l l+ − − − − −= … … ∀ ∈ … − = … …  (11) 

2.5 Selection of the optimal coordination set 
Based on the obtained coordinated green light set CGreen, assuming the number of distinct 
light groups in CGreen is denoted as n. This paper provides an algorithm suitable for selecting 
the optimal coordinated green light set CGreen1. The algorithm takes into account the number 
and characteristics of elements in the green light set G, as well as data information such as 
pedestrian and vehicle flow. 

The algorithm formula is as follows: 
  · · ·i i PN i vN i PRWG PN W vN W PR W= + +  (12) 

iWG ——Priority of the coordinated green light set. 

iPN ——Number of signal light groups corresponding to pedestrian lanes in G . 

ivN ——Number of traffic lanes for vehicle passage in G . 

iPR ——Whether G  contains a queue head element in the current priority (0/1). 
In the formulas, if the first signal light group in the current cycle's priority queue is included, 

1iPR = ; otherwise, 0iPR = . The weights parameters for iPN , ivN , and iPR  are denoted as 

PNW , vNW , and  PRW , respectively, which are predetermined values. 
The weight parameters pW  , vW  , LenW  , cW  , JW  , PNW  , vNW  , and PRW   mentioned in 

Equation (1) and (6) can be obtained through training using manually labeled historical data. 
The allocation of weights depends on the specific situation and the optimization objective, in 
this paper, the objective is to reduce delay and improve traffic efficiency. For example, in (1) 
because congestion has an important impact on traffic smoothness and efficiency, so if there 
is congestion ahead, the signal should not be lit as much as possible, that is, the priority value 
should be the lowest, so iJ  corresponding to the weights JW = −∞ . In (6) according to the 
order of the elements of the priority queue, the higher the priority the more elements should 
be in the green light set and play a decisive role, so the weight value PRW  should be the highest. 

 Using (6) and based on the data information for each intersection, the priority  ,i iWG J for 
each set is calculated. The index m  is determined as the set with the highest priority value. 
After calculating the priority for each set, the set with the highest priority is selected as the 
optimal coordinated green light set CGreen1. 
 -max( , ,......, )m 0 l n lWG WG WG WG  (13) 
 (max( )),( , ,......, - )im index WG i 0 l n l   (14) 
 m|CGreen1[ ][ ]|=|Green |i j  (15) 

The light groups in the CGreen1 set are illuminated with green lights for a duration of 
GreenT, as predetermined. The remaining light groups are displayed as red lights. The light 
groups currently displaying green, yellow, and red lights are moved to the end of the priority 
queue Priority  in order, and the priority queue Priority  is updated. 
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2.6 Adjustment of the optimal coordination set 
Check if there are green, yellow, and red light groups in the detection timer that are 
approaching the upper limit. If any green light element in CGreen1 reaches the upper limit 
within 15s , it is added to the EL light group, and preparations for the next round begin. If 
there are no instances of reaching the upper limit within 15s , the monitoring detector is used 
to observe if there is congestion in the lanes ahead while the green, yellow, and red light groups 
are displaying green lights. If there is no congestion, monitoring continues. If congestion is 
detected, the green light il   of that lane, where   1il CGreen∈  , is added to the EL  set, 
transitioning to flashing yellow lights. Additionally, based on real-time monitoring data from 
road condition sensors, the current capacity and saturation level of the lane section ahead are 
analyzed. The new durations for each group of green, yellow, and red lights under the current 
conditions are updated as GreenT = {t1' , t2' , ..., tn' }, typically within the range of [ ]30 ,120 ?s s for 
safety considerations. If lane k is congested and cannot be cleared, tk'  = 0. The remaining green 
lights in 1 /CGreen EL   with tk'  ≠ 0  are retained. Therefore, 1' 1 /CGreen CGreen EL=  , and 

'R R EL= ∪ . 1'CGreen and 'R  contain the updated elements. 
To improve road traffic efficiency, starting from the first element of Priority , continue 

selecting lanes (or pedestrian lanes) that can have green lights one by one. The expression for 
updating the coordinated green light set is as follows: 
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(16) 

If an element from the queue already exists in the CGreen1′ set, skip it. For each selection, 
evaluate the mutually exclusive relationships defined in the inference rule library S . If the 
requirements are not met, continue evaluating the next element in the queue. Similarly, select 
all the green, yellow, and red light groups that can simultaneously display green lights in this 
round, denoted as CGreen′, and use the weight Equation to identify the set in CGreen′ with 
the most elements, denoted as CGreen1 = {li', lj', ..., lm'}.When the countdown timer of the 
green light groups in the EL set reaches 3s , the yellow lights of those groups that need to 
transition from green to red start flashing. Simultaneously, the light groups in the CGreen1 set 
display green lights, while the remaining light groups display red lights. Additionally, the 
newly added green light groups in the timer are updated according to the times in 'GreenT . 
The timer durations of the previous round's green lights remain unchanged. Furthermore, 
update the priority queue Priority after the light transition in this round. Move the light groups 
currently displaying green, yellow, and red lights to the end of the queue in that order. 
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3. Adaptive intelligent perception precision control method 
The proposed method uses logical reasoning rules to control traffic lights. It employs a CPU-
based system with real-time regulation. It handles mixed traffic scenarios, including connected 
vehicles, manual vehicles, pedestrians, signal lights, and timers. IIoT devices like monitors, 
sensors, lane controllers, ECUs, and control systems are utilized. 

The method establishes inference rules based on traffic regulations, road topology, and flow 
control constraints. It analyzes road conditions using monitoring, sensors, and connected 
vehicle feedback. DL methods initialize and prioritize signal light groups, determining their 
green light duration. Rules are sorted based on priority. Each rule infers green and red light 
sets, forming a coordinated set. Elements are rearranged until all rules are included. A weight 
model selects the best element. Signal light groups for the next cycle are controlled based on 
the optimal element's green and red light sets. Congestion and green light durations are 
checked. If conditions are not met, the process repeats. Otherwise, green lights on congested 
roads and those completing their duration transition to red lights through a yellow light process. 
Steps are repeated for subsequent cycles to control the intelligent traffic light system. See Fig. 
2 for the flowchart. 

 
Traffic control 

related constraints

S1: Generate inference rule base

Radar 
Sensor

Deep Learning Methods

S3: Sorting the inference rule base

S4: Inferring green light sets and red 
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time duration for the next cycle

Traffic rules Road topological 
relationships

S6: Obtaining optimal green light 
combinations

S9

No

Intelligent networked 
vehicle

Road 
monitoring

 
Fig. 2. Flowchart for real-time intelligent networked hybrid vehicle traffic light control 

 

3.1 Algorithm for getting priority queues 
Based on the (1) for signal light elements, the Priority value for each element can be calculated, 
and by sorting them in descending order, the initial Priority queue can be obtained. 

Definition 1. Let L={li},i=0,1,……,n-1  represent the initial n  signal light elements. Pi , 
vi and Leni  denote the number of pedestrians waiting, average vehicle speed, and queue length 
of vehicles in the corresponding lane for signal light li. Using a two-dimensional array W[2][n] 
to store the Priority  values and corresponding coordinates of the n signal light elements, 
W[0][k] = Wi,W[1][k]=i . Using L , and Pi , vi  and Leni   obtained from Equations (2)-(4) as 
inputs to the algorithm, the output priority queue Priority. 
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Based on the description of Definition 1, the priority queue can be obtained as shown in 

Algorithm 1. By Algorithm 1, the initial priority queue Priority={l0, l1, ……, ln-1}  can be 
obtained.  li, i=0,…, n-1  represent different groups of signal lights, arranged in descending 
order based on their priority values. 

 
 

3.2 Algorithm for obtaining the optimal coordination set 
Based on the inference rules and the priority queue Priority  obtained from Algorithm 1, a 
traversal is performed starting from the first element of Priority. By using Equations (8)-(11) 
and Equation (12), the green light set G, red light set R, and the optimal coordinated set of 
green lights based on rule inference can be obtained for each round. 

Definition 2. Let Gnand Rn represent the green light coordinated set and the corresponding 
red light set for each round, respectively. CGreen1[n][2] represents the optimal coordinated 
set. With𝑛𝑛signal light elements, a two-dimensional array PriorityGreen[n][2] is used to store 
the priority queue obtained from Algorithm 1, and the duration for each signal light to be green. 
PriorityGreen[i][0]=Priority[i]=li , PriorityGreen[i][1]=GreenT[i]=ti ,∀ it ≥ 0, i=0, 1, ……,n-1 . 
Included among these, PriorityGreen[n][2] and the green light coordinated set CGreen[n][2] 
are used as input to the algorithm. Where CGreen[n][0]={Gi}  and CGreen[n][1]={numi} , 
numi represents the number of elements in the corresponding set. Gn and Rn are initially empty 
sets. The algorithm also obtains the optimal coordinated set of green lights CGreen1[n][2] 
based on (12). 

 

Algorithm1: Algorithm for getting priority queues 
Input: Pi,vi,Leni,L←{li},i←0,1,……n-1 
Output: Priority[n] 
When W[0][k] is the current maximum value, m is the corresponding  W[1][k] 
Again: Iterate through all the signal elements sequentially 
Put the weight value and subscript of the signal element into W[2][n] 
For i←0 to n do  

{W[0][k]←Pi·Wp+vi·Wv+Leni·WLen+Ci·Wc+Ji·WJ 
W[1][k]←i; k++;i++} 

Select the subscripts corresponding to the largest weight values in W[2][n] in order 
Store li into Priority[n] in order 
For i←0 to k  do 

{m←W[1][k] 
Priority[n]=Priority[n]∪L[m];  k++} 

Return Priority[n], go back to Again 
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Based on the principle of establishing the inference rule library S  . Where each rule is 

represented as si→G(li) for the 𝑖𝑖-th group of green lights and si→∧jR(lj) for all red elements 
corresponding to that green light. Based on the Definition 2, the algorithm for updating the 
green light and red light sets can be obtained, as shown in Algorithm 2. 

 

3.3 Adaptive perceptual control methods 
Based on the n signal light elements in L  and the principle of ensuring traffic safety while 
maximizing efficiency, n rule [ ]S n  are set as input for the algorithm, where 

( ) ( ) ( )j{ : | , ;0 1 }i i j i jS s G l R l l l L i n= → ∧ ∈ ≤ ≤ − . 

Definition 3. Let [ ][ ]1 2CGreen n be the optimal coordinated set, obtained from the priority 
queue generated by Algorithm 1 and the n   green light coordinated sets based on rule 
inference obtained from Algorithm 2. The optimal coordinated set is determined using (12). 
Based on this, the [ ][ ]1 2CGreen n  is further optimized based on real-time traffic congestion 
conditions. It serves as the initial green light coordinated set 0G  and is subjected to Algorithm 
2 and subsequent operations. the algorithm for obtaining the real-time optimal green light 
coordinated set for each round can be obtained, as shown in Algorithm 3.  

Algorithm2: Algorithm for obtaining the optimal coordination set. 
Input: PriorityGreen[n][0], S[n]. 
Output: Gn, Rn. 
l←PriorityGreen[0][0]   
while PriorityGreen[n][0]≠l do{  
WG[n]←PN[n]←vN[n]←P[n]←{0}  
For  i←0 to n do{  
if i←0 then{ 
       if ti←0 then {Gn←Gn∪G0;Rn←Rn∪R0} 
      else{ 
             if li∈R0 then{Gn←Gn∪G0;Rn←Rn∪R0} 

    else{Gn←Gn∪{li };Rn←Rn∪{si→∩j R(lj )|li,li∈L;0≤i≤(n-1) }}}} 
else{ 
         if li∈Ri-1 or ti←0 then{Gn←Gn∪Gi-1;Rn←Rn∪Ri-1} 
         else if(∃r∈Gi-1, r∈�si→∩j R(lj)�li,li∈L;0≤i≤(n-1)�) 
                      {Gn←Gn∪Gi-1; Rn←Rn∪Ri-1} 
         else if(ti>0 and li∉Ri-1 and ∀r∈{ si→∩j R(lj )|li,li∈L;0≤i≤(n-1)},r∉Gi-1) 
                      {Gn←Gi-1∪{li}; Rn←Rn∪{si→∩j R(lj )|li,li∈L;0≤i≤(n-1) }}} 
Move the first element of the current PriorityGreen[n][0] to the end of the queue } 
CGreen[n][0]←{Gn|n←0,1,……n-1}  
CGreen[n][1]←{num0,num1,……,numn-1}} 
For  i←0 to n do  {For  j←0 to numi do 

if  element in Gi←l then {PR[i]←1} 
if  element in Gicontains 'P'  then {PN[i]←PN[i]+1} 
else{vN[i]←vN[i]+1;}} 

WGi←PNi·WPN+vNi·WvN+PRi·WPR} 
m←index(max(WGi)), (i=0,1,……,n-1) 
CGreen1[n][0]←Gm;CGreen1[n][1]←numm  
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Algorithm 3 utilizes real-time traffic data to accurately control and reduce ineffective 

waiting time. It also dynamically adjusts the control lanes based on the real-time traffic 
conditions. This approach significantly reduces wastage of signal light timing and maximizes 
road utilization. 

 

4. Case study 

4.1 Background of the case 
At the traffic intersection, assume there are four sets of red and green lights for each 

direction (16 sets total), four vehicle information collection points, four monitoring devices, 
and 16 pedestrian traffic lights. Each signal light group has its own timer (32 in total). 

Directions are identified as SNi, NSi, WEi, EWi: SN (south to north), NS (north to south), 
WE (west to east), and EW (east to west). The index i indicates the turn type: i=1 (U-turn), i=2 
(left turn), i=3 (straight), i=4 (right turn). L1 = {SNi, NSi, WEi, EWi | i =1,2,3,4}. Pedestrian 
walkways are divided into two segments for each direction, with four sets each having four 
parts: NPi, SPi, EPi, WPi, where i=1 (front half), i=2 (rear half). L2={NPi, SPi, EPi, WPi | i 
=1,2}. The intersection has four radar sensors (SNC1, WEC1, NSC1, EWC1) and four road 
monitoring devices(SNRV, WERV, NSRV, EWRV). The schematic diagram is shown in Fig. 
3. 

Algorithm3: All steps of the algorithm proposed in this paper. 
Input: S[n], L[n]. 
Output: CGreen1[n][2].  
Priority[j]←� li,…,ln-1,l0,…,li-1 �∀i∈{0,…,n-1},Priority[j-1]←{ li-1,…,ln-1,l0,…,li-2 }�  
PriorityGreen[n][0]← Priority[n]   
PriorityGreen[n][1]← GreenT←ti  
l←PriorityGreen[0][0]; EL←{0}  
Obtain the optimal coordination set CGreen1[n][2] of the last round from Algorithm2 
Call Algorithm1 and Algorithm2 again, update CGreen1[n][2], and store it into CGreen1'[n][2] 
CGreen1'[n][0]←CGreen1[n][0]  
CGreen1'[n][1]←CGreen1[n][1]  
For i←0 to numm do{   

if CGreen1[n][1]<15 then{ EL←EL∪CGreen1[i][0]; R'←R∪CGreen1[i][1]  
CGreen1'[i][0]←CGreen1'[i][0]/CGreen1[i][0] } 
if Ji←0 then {CGreen1'[i][1]←0 }}  

R0←R';  CGreen1← G0 ←CGreen1'[n][0]  
The light in the EL lights up yellow, the light in CGreen1 is green, and the light in R is red 
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Fig. 3. illustrates a schematic diagram of the intersection environment in the case study. 

 

Assuming historical data during peak hours, in the time interval of [15s,30s], congestion 
occurs on the NP2 segment due to students leaving school. To address this congestion, this 
paper proposes an intelligent adaptive traffic light control method based on real-time traffic 
conditions.  

4.2 The application of adaptive intelligent perception control methods. 
The set of unique identifier names for all signal light groups is denoted as L=L1∪L2. The 
control cycle duration is T=15s. The initial moment of the current cycle is  . 

Table 1. Rule Knowledge Base ∑ 
 

S G R 
s0 {SN1G} {SP1R,SP2R,EW2R} 
s1 {SN2G} {SP1R,EW2R,NS2R,NS3R,WP2R,WE1R,WE2R,WE3R} 
s2 {SN3G} {SP1R,EW2R,EW3R,NP2R,NS2R,WE3R} 
s3 {SN4G} {EP2R,SP1R} 
s4 {EW1G} {EP1R,EP2R,NS2R} 
s5 {EW2G} {EP1R,SP2R,NS2R,WE2R,WE3R,SN1R,SN2R,SN3R} 
s6 {EW3G} {EP1R,WP2R,NS2R,NS3R,WE2R,SN3R} 
s7 {EW4G} {EP1R,NP2R} 
s8 {NS1G} {NP1R,NP2R,WE2R} 
s9 {NS2G} {NP1R,EP2R,WE2R,SN2R,SN3R,EW1R,EW2R,EW3R} 
s10 {NS3G} {NP1R,SP2R,WE2R,WE3R,SN2R,EW3R} 
s11 {NS4G} {NP1R,WP2R} 
s12 {WE1G} {WP1R,WP2R,SN2R} 
s13 {WE2G} {WP1R,NP2R,SN2R,EW2R,EW3R,NS1R,NS2R,NS3R} 
s14 {WE3G} {SN2R,SN3R,WP1R,EP2R,EW2R,NS3R} 
s15 {WE4G} {WP1R,SP2R} 
s16 {NP1G} {NS1R,NS2R,NS3R,NS4R} 
s17 {NP2G} {EW4R,WE2R,NS1R,SN3R} 
s18 {EP1G} {EW1R,EW2R,EW3R,EW4R} 
s19 {EP2G} {WE3R,SN4R,EW1R,NS2R} 
s20 {SP1G} {SN1R,SN2R,SN3R,SN4R} 
s21 {SP2G} {WE4R,NS3R,EW2R,SN1R} 
s22 {WP1G} {WE1R,WE2R,WE3R,WE4R} 
s23 {WP2G} {WE1R,SN2R,EW3R,NS4R} 
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Based on traffic regulations and prioritizing safety, the operational rules for the 24 signal 
light groups are described as follows, and the inference rule knowledge base ∑  is established 
as shown in Table 1. In the table, G represents the green light element, and R represents all 
the red light elements corresponding to the rule. 

The priority Algorithm 1 assigns the following weights: 0.2, 0.5,p vW W= =   0.3,LenW =

 100,c JW W= − = −∞  . By substituting these weight values into the algorithm equation 
mentioned above, obtain the priority equation for the coordinated set of green lights: 
  ( ) ( )0.2 0.5 0.3 100i i i i i iW P v Len C J= ⋅ + ⋅ + ⋅ + ⋅ − + ⋅ −∞  (17) 

By substituting Equation (17) into Algorithm 1, obtain the initialized priority queue 
Priority [24]={SN3, SN1, WE2, EW3, EW4, NS1, NS4, NP2, WP2, EP2, SP1, SN2, SN4, 
WE1, WE3, WE4, NS2, NS3, NP1, SP2, WP1, EP1, EW1, EW2}.Through saturation detectors 
WERV,EWRV,NSRV, and SNRV monitoring the traffic saturation levels of the respective lanes 
at the current moment. If all saturation levels are less than ”1”, then set the predetermined 
green light time for each lane as Time[24] = {90, 60, 60, 60, 60, 60, 60, 60, 30, 30, 30, 60, 60, 
60, 60, 60, 60, 60, 60, 30, 30, 30, 30, 60}. 

4.3 Obtaining the coordinated set for the case study. 
According to Algorithm 2, iterate from the first element to the last element of the updated 
Priority queue. Then, update the Priority[ ] queue until the first element of the current round, 
SN3, returns to the front of the Priority[ ] queue, ending the current round of iteration. By 
doing this, all possible green light sets for this round can be obtained. For easier observation 
and analysis, the green light sets are arranged in the order of S-E-N-W and duplicate sets are 
removed. Finally, 21 green light sets are obtained as shown in Table 2. Using (12), the optimal 
green light coordination set is selected from 21 green light sets. 
 

Table 2. Coordinated Green Light Sets 
 

CGreen[i][0] Gi CGreen[i][1] numi 
CGreen[0][0] {SN1,SN3,EP2,EW4,NS4,WE1,WE2,WE4} CGreen[0][1] 8 
CGreen[1][0] {SP1,EP2,EW4,NS4,WE1,WE2,WE4} CGreen[1][1] 7 
CGreen[2][0] {SP1,EP2,EW2,EW3,EW4,NS1,NS4,WE1,WE4 } CGreen[2][1] 9 
CGreen[3][0] {SP1,EP2,EW2,EW4,NS1,NS3,NS4,WE1,WE4} CGreen[3][1] 9 
CGreen[4][0] { SP1,EP1, EP2,NS1,NS3, NS4, WE1,WE4 } CGreen[4][1] 8 
CGreen[5][0] { SP1,EP1, EP2,NP2,NS3, NS4, WE1,WE4 } CGreen[5][1] 8 
CGreen[6][0] { SP1, EP1,EP2,NP2,NS3,WP2,WE4 } CGreen[6][1] 7 
CGreen[7][0] { SP1, EP1,EP2,NS1,NS3,WP2,WE4 } CGreen[7][1] 7 
CGreen[8][0] { SP1, EP1,EP2,NS1,NS3,NS4,WE1,WE4 } CGreen[8][1] 8 
CGreen[9][0] {SP1,EP1,NS1,NS2,NS4,WE1,WE3,WE4 } CGreen[9][1] 8 
CGreen[10][0] {SN1, SN2,SN3, SN4,EP1,NP1, WE4 } CGreen[10][1] 7 
CGreen[11][0] {SN1,SN4,EP1,NS1,NS2,NS4,WE1,WE3,WE4} CGreen[11][1] 9 
CGreen[12][0] { SN1,SN4,EP1,NS1,NS2,NS4,WE3,WE4 } CGreen[12][1] 8 
CGreen[13][0] { SN1,SN4,EP1,NS1,NS2,NS3,NS4,WE1,WE4} CGreen[13][1] 9 
CGreen[14][0] { SN1,SN4, EP1, NS1,NS2,NS3, NS4,WP1 } CGreen[14][1] 8 
CGreen[15][0] { SN1, SN3,EP1,EP2,NS1,NS3,NS4,WP1} CGreen[15][1] 8 
CGreen[16][0] { SP2,SN3,EP1,EP2,NP1,WP1,WP2 } CGreen[16][1] 7 
CGreen[17][0] {SP2,SN2,SN3,EP1,EP2,NS1,NS4,WP1} CGreen[17][1] 8 
CGreen[18][0] { SN1,SN2, SN3,EP1,EP2, NS1,NS4, WP1 } CGreen[18][1] 8 
CGreen[19][0] { SN1,SN3,EP1,EP2,NS4,WE1,WE2,WE4} CGreen[19][1] 8 
CGreen[20][0] { SP1,EW1,EW2,EW3,EW4,NS1,NS4,WE1,WE4} CGreen[20][1] 9 
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The weights assigned to (12) are as follows: WPN=0.1, WvN=1, WPR =100. By substituting 
the weight values into the algorithm equation mentioned above, the priority equation for the 
coordinated green light set is as follows Equation (18): 
  0.1 1 100i i i iWG PN vN PR= ⋅ + ⋅ + ⋅  (18) 

In the optimal coordinated green light set CGreen[0][0] = Green[0] =  {SN1, SN3, EP2, 
EW4, NS4, WE1, WE2, WE4}, CGreen1[0][1] = 8, the vehicle passing lanes are SN1, SN3, 
EW4, NS4, WE1, WE2, WE4, totaling 7, vN0 = 7; the pedestrian crossing lane is EP2, only 1, 
PN0 = 1; and the set includes the first element of the current priority queue, SN3, PR0 = 1. 
Therefore, the priority of CGreen[0] is: WG0=1∙0.1+7∙1+1∙100=107.1. Similarly, the priorities 
of other coordinated green light sets can be calculated, and then the set with the highest value 
can be selected as the optimal coordinated green light set. After calculation, it is found that 
CGreen[0][0] has the highest priority value. According to Equations (13) to (15), it can be 
concluded that CGreen[0][0]  is the final coordinated green light set for the first round: 
CGreen1[0][0]=  { SN3, SN1, WE2, EW4, NS4, EP2, WE1, WE4},CGreen1[0][1] = 8. 

From the initial conditions, for CGreen1[0][0], the corresponding green light durations are 
T[8] = {90, 60, 60, 60, 60, 30, 60, 60}, and the remaining 16 elements in Priority[24] are set 
to display red lights. By moving all the elements in the optimal coordinated green light set 
CGreen1[0][0]  to the end of Priority[24]  at the beginning of this round, the updated 
Priority[24] = {EW3, NS1, NP2, WP2, SP1, SN2, SN4, WE3, NS2, NS3, NP1, SP2, WP1, 
EP1, EW1, EW2, SN3, SN1, WE2, EW4, NS4, EP2, WE1, WE4} can be obtained. The 
corresponding durations in Time[24] = {60, 60, 60, 30, 30, 60, 60, 60, 60, 60, 60, 30, 30, 30, 
30, 60, 90, 60, 60, 60, 60, 30, 60, 60}. 

4.4 Updating the Optimal Coordinated Set in the Case Study 
According to Algorithm 3, assuming that after 15s of normal countdown for the green light, 
CGreen1[0][0] corresponds to the remaining durations becoming GreenT[8] = {75, 45, 45, 45, 
45, 15, 45, 45}. It is observed that the green light element EP2  in CGreen1[0][0] has a 
remaining duration of only 15s, reaching the maximum limit. It should be included in the EL 
group for normal countdown and preparation for transitioning to yellow light. 

Due to congestion on the northbound road, which is an outbound route with high traffic 
and pedestrian flow, the traffic lights NS1,WE2,SN3 and EW4 in that section will be affected. 
From the updated corresponding durations of the coordinated green light sets, it is found that  
SN3,WE2 and EW4 have remaining green light durations of 75s,45s and 45s, respectively, 
which have not reached the maximum limit. At this point, SN3,WE2 and EW4 can be included 
in the EL  group for a non-natural transition, first transitioning to yellow light and then 
preparing to transition to red light. Set the next corresponding green light duration for 
SN3,WE2 and EW4 as ti=0 and include SN3,WE2 and EW4 in the EL group. EL=EL ∪{SN3, 
WE2, EW4} = {EP2, SN3, WE2, EW4}. This process should be continuously monitored and 
the EL group should be updated accordingly. According to the road conditions, the green light 
set and red light set are updated by moving SN3, WE2, and EW4 from the green light set to 
the red light set. CGreen1'[0][0] = CGreen1[0][0] -{SN3, WE2, EW4} = {SN1, NS4, EP2, 
WE1, WE4}, and R'[0] = R[0] ∪ EL. The corresponding times for the congested signal lights 
in Time are set to 0. Therefore, the updated times '[ ]Time 24 = {45, 45, 45, 15, 15, 45, 45, 45, 
45, 45, 45, 15, 15, 15, 15, 45, 0, 45, 0, 0, 45, 15, 45, 45}.In order to maximize the utilization 
of green lights and road capacity, after determining the traffic lights that turn yellow due to 
congestion rather than natural causes, real-time road condition monitoring is combined. The 
current elements in Priority[24] and their corresponding inference rules are traversed again to 
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find if there are new elements that can be added to the green light set as new green light 
elements. If an element in Priority[24] is already in the green light set CGreen1'[0][0], it is 
skipped. If an element in Priority[24] is not in CGreen1'[0][0], but the corresponding red light 
elements on the right side of the inference rule can only be found in the set R'[0], then it is 
considered that this element can replace the traffic light group that turned red due to congestion 
and be added to CGreen1'[0][0] as a green element. 

For example, during the traversal process, from rule 𝑠𝑠6, it is determined that EW3 is not in 
the current green light set CGreen1'[0][0], and the corresponding red light elements can only 
be found in the current red light set R'[0]. Therefore, EW3 can be added to the current green 
light set, CGreen1'[0][0] = CGreen1'[0][0] ∪ {EW3}. Continuing the traversal, from s17, NP2 is 
not in the current CGreen1'[0][0], and the corresponding red light elements belong to the R'[0] 
set. Similarly, CGreen1'[0][0]  can be updated as CGreen1'[0][0] = CGreen1'[0][0] ∪ {NP2} . 
Following this process, after completing the traversal, the new green light set is obtained as 
CGreen1[0][0] = CGreen1'[0][0] = {SN1, NS4, EP2, WE1, WE4, EW3, NP2}, where EW3 
and NP2  are the newly added green light elements, while the red light set R'[0]  remains 
unchanged.When new elements EW3 and NP2 are added to the green light coordination set, it 
is necessary to analyze the traffic capacity and saturation of the road segments ahead of the 
lanes based on real-time road condition monitors and sensor data. The updated duration of the 
current green light set CGreen1[0][0] is GreenT'= {60, 90, 60, 30, 30, 60, 60}. The optimal 
green light coordination set before the update is shown in Fig. 4 (a), taking into account the 
congestion on the north road segment. The affected SN3, WE2, and EW4 in the green light set 
are converted to red lights, and the newly added green lights are incorporated into the CGreen1' 
set. The updated optimal coordination set is shown in Fig. 4 (b). 

 

                          

N
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(a)                                                                 (b) 

 

Fig. 4. Schematic Diagram of Implementation Case Rules. 
 

After a countdown of 3𝑠𝑠 , the traffic light groups EL = {EP2,SN3,WE2,EW4} need to 
prepare for blinking yellow lights as the green light countdown timer reaches 3 seconds. At 
the same time, the traffic light groups in the new CGreen1[0][0] = {SN1, NS4, EP2, WE1, 
WE4, EW3, NP2} set will display green lights. The newly added green light elements, EW3 
and NP2, will be moved to the end of the priority queue Priority[24], resulting in an updated 
Priority[24] = {NS1, WP2, SP1, SN2, SN4, WE3, NS2, NS3, NP1, SP2, WP1, EP1, EW1, 
EW2, SN3, SN1, WE2, EW4, NS4, EP2, WE1, WE4, EW3, NP2}, Then proceed to the next 
round of selection sorting. 

4.5 Algorithm Simulation Comparison 
For ease of representation, the algorithm of this paper is denoted by RAISC (Rule-based 
Adaptive Intelligent Sensing Control) in the subsequent experimental descriptions and 
diagrams. Based on the RAISC theory introduced earlier, the simulation of this control method 
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at planar intersections is carried out with the help of the microscopic software VISSIM[34]. 
The experiments in this paper are based on the simulation of a large cross-shaped intersection 
shown in Fig. 3. The measured traffic flow data of the target intersection in the morning peak 
(9:00-11:00), as shown in Table 3, to fully compare the timed signal control with the RAISC, 
four traffic flow schemes are designed, and simulated traffic accidents at the north entrance. 

To evaluate the effectiveness of our model, we compare our model with these following 
methods based on the metrics system (passing time, lane delay, stopping rate) established in 
the previous Equations (5)-(7) and adjust the parameters for all methods. 

(1) Fixed Timing (FT). Fixed time[36] control methods use predetermined cycle and phase 
times, and this method is widely used in situations where the traffic flow is stable. 

(2) Self-Organizing Traffic Light Control (SOTL). This method accumulates the number 
of approaching vehicles through each red light counter and switches to green when a threshold 
is reached and avoids frequent switching[37]. The controller makes self-organizing decisions 
based on local traffic information to form a dynamic green wave, which improves traffic flow 
and reduces waiting time. 

(3) Fuzzy Rule Inference System (MFIS). This system is based on fuzzy control[38] 
theory and dynamically adjusts the traffic light time through information fuzzification, fuzzy 
control rule formulation and defuzzification process, thus reducing traffic congestion and 
improving traffic efficiency. 

 
Table 3. Intersection Traffic Flow 

 

Lanes Names Symbols Plan 1 Plan 2 Plan 3 Plan 4 

South 

Southbound U-turn SN1 50 50 50 100 
Southbound left turn SN2 900 1000 1200 1500 
Southbound through SN3 700 800 900 1050 

Southbound right turn SN4 50 50 50 100 
South pedestrian crossing SP 200 400 600 660 

North 

Northbound U-turn NS1 50 50 50 100 
Northbound left turn NS2 800 900 1000 1200 
Northbound through NS3 800 900 1000 1200 

Northbound right turn NS4 50 50 100 130 
North pedestrian crossing NP 200 400 600 640 

East 

Eastbound U-turn EW1 50 50 50 100 
Eastbound left turn EW2 50 50 50 100 
Eastbound through EW3 700 800 1000 1200 

Eastbound right turn EW4 700 800 900 1000 
East pedestrian crossing EP 100 100 200 300 

West 

West bound U-turn WE1 500 600 700 800 
West bound left turn WE2 700 800 900 1000 
West bound through WE3 100 120 150 200 

West bound right turn WE4 50 50 50 100 
West pedestrian crossing WP 100 100 200 240 
Total traffic flow/(pcu∙h-1) 6850 8070 9750 11720 

 
The traffic simulation model established for the target intersection is shown in Fig. 5. Using 

the intersection access efficiency evaluation index system established by (5)-(7), we simulate 
the traffic conditions for periods of 100-350 seconds and 350-600 seconds at the target 
intersection. Taking the traffic flow shown in Plan 1 in Table 3 as an example, the data results 
of the experimental simulation are visualized in the index system as shown in Fig. 6, with 
similar results for other schemes.  
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Because the values of each metric for the three lanes SN3, WE2, and EW3, which are 
greatly affected by congestion, are very different from those of the other lanes (for example, 
the delay of lane SN3 is as high as 243.35 under the FT control method), only lanes other than 
these three are included in the analysis of the experimental data visualization. 

To visualize the effect of different control methods on the overall intersection traffic 
efficiency rather than individual lanes, the average queuing delay of the intersection is used as 
the evaluation index. The average queuing delay is calculated based on (6), with the traffic 
flow of each lane as the weight. A comparative analysis of the delay results simulated by the 
four methods is shown in Table 4, Table 5 and Fig. 7. Where in both Fig. 6 and Fig. 7, the 
solid red line is used to represent our proposed methodology. 

 

 
 

Fig. 5. Traffic Accident Scene Simulation 
 

  
(a) (b) 

  
(c) (d) 
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(e) (f) 

 

Fig. 6. Simulation results of each evaluation index 
 

Table 4. Average Intersection Delay Results in Plan1-4 [100-350s] 
 

Plan FT  SQTL MFIS  RAISC  
1 32.2172  25.9157  22.1446  17.8312  
2 32.3780  26.0064  22.2270  17.9242  
3 32.5237  25.9725  22.4128  18.0221  
4 32.6455  26.1933  22.5988  18.1969  

 
Table 5.  Average Intersection Delay Results in Plan1-4 [350-600s] 

 

Plan FT  SQTL MFIS  RAISC  
1 32.9072  22.3229  19.7831  17.8676  
2 32.9919  22.3298  19.7859  17.8836  
3 33.1740  22.3009  19.7798  17.8174  
4 33.0958  22.4656  19.9722  17.9639  

 

  
(a) (b) 

Fig. 7. Visualization of average intersection delay in Plan1-4 
 

 The delays, passing times and stopping rates in each lane of the intersection during peak 
periods with high traffic flow are shown in Fig. 6 (a)-(f). From the figures, it can be seen that 
the metric values of our proposed RAISC method are the lowest in 100s-350s, and in 350s-
600s when accidents occur. For the whole intersection, the average delay of RAISC is 
significantly lower than that of FT, SQTL, and MFIS, as shown in Fig. 7 (a)-(b). Among them, 
as shown in Fig. 7 (b), the average delay of FT control method due to the lack of real-time 
adjustments stays high during the peak period when random accidents occur and is even higher 
than that of the previous period. Whereas SQTL, MFIS and our RAISC method all decrease. 
In comparison our RAISC method is more effective. And in Plan 3 and Plan 4, which have 
high traffic flow and random accidents, the effect of improving traffic efficiency and reducing 
the average delay at intersections is even more excellent. Due to the phenomenon of extracting 
the sample size, collection point positioning error and other phenomena, the accuracy of a few 
evaluation indexes is reduced, but in general it is within the acceptable range. 
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Therefore, when setting signal control at actual intersections, the adaptive perception signal 
control system can be preferred, especially in the peak and accident period, the advantages of 
adaptive perception signal control system are very obvious. 

5. Conclusions 
In this paper, a rule-based reasoning method for adaptive intelligent sensing and precise 

control of traffic signals under real-time intelligent grid-connected hybrid vehicle conditions 
is proposed. The core of the method is to dynamically adjust the green light duration by real-
time monitoring of the parking queue length, pedestrian flow, vehicle flow, and traffic volume 
of each lane, and to adjust the green light priority according to the vehicle and road conditions. 
When a random accident occurs in a lane during peak hours and causes congestion, the 
traditional fixed timing method cannot flexibly adjust the control system, resulting in wasted 
green light time and high intersection delays. The method proposed in this paper enables 
precise real-time control and avoids the waste of green light time. In this paper, examples are 
given to further explain this method, and simulation comparisons are made with Fixed Timing, 
Self-Organizing Traffic Light Control, Fuzzy Rule Inference System, and many other methods. 
Through the experimental results, it can be seen that the method proposed in this paper 
effectively reduces the travel time, stopping rate, and lane delay values for each lane of the 
intersection, as well as the overall average delay value. 

In summary, the method proposed in this paper is especially useful during peak hours that 
are prone to random traffic accidents and high traffic flow, and the method can improve traffic 
efficiency to a large extent compared to traditional methods. Of course, in addition to the 
optimal control of individual intersection signals, research on the control of arterial and 
regional signals can also be included in the scope of future work to further improve the 
algorithm for a wider range of optimal control. Moreover, the implementation of the method 
relies on a large number of sensors and data acquisition equipment, which increases the cost 
of system construction and maintenance. In the future, more efficient data acquisition and 
processing methods can be explored to reduce system costs. 
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