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 Increased traffic flow causes congestion, especially in large cities. Even 

though congestion is not unusual, traffic jams still result in very high 

economic and social losses. Several factors cause congestion, one of which is 

traffic lights. Therefore, a mechanism is needed so that traffic lights can 

intelligently and adaptively manage signal time allocation according to traffic 

flow conditions. A traffic light with this type of mechanism is known as a 

smart traffic light. Smart traffic light cycle settings can be grouped based on 

the traffic density, scenarios for emergency vehicles, and the interests of 

pedestrians. This paper analyzes the methods and technologies used in the 

development of smart traffic light technology from the perspective of these 

three situations as well as the development of smart traffic light technology 

in the future. 
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1. INTRODUCTION 

Increases in traffic flow, especially in large cities, cause the problem of congestion. In addition to 

the traffic density, the population, economy, and infrastructure influence congestion. Even though congestion 

is not unusual, traffic jams still cause very high losses both economically and socially. Based on research 

conducted by INRIX in 2018 [1], in Istanbul (Turkey) and Moscow (Russia), the time losses of motorists due 

to traffic jams reached 210 and 157 hours, respectively. In Boston (United States), congestion caused 164 

hours to be lost, with losses per driver reaching $2,291 and city damages as high as $4.1 billion. In Indonesia 

alone, in 2017 [2], congestion caused an average of 56 hours of time loss. Jakarta, in the same year, became 

the 12th most congested city in the world, with a loss of 63 hours lost due to traffic. Table 1 shows the impact 

of congestion in terms of time loss. Table 2 shows the economic damage caused by congestion. 

In addition to the time and economic impacts, congestion negatively impacts motorists who are 

trapped in traffic. From the psychological perspective, [3] states that congestion can cause stress and 

aggressive behaviour. According to [4], several factors cause congestion, such as road narrowing, traffic 

density, and traffic lights. The fixed cycle method, which is still used in most traffic lights, is currently 

considered inefficient because it increases traffic density and congestion, especially on roads that have high 

traffic flow volumes [5]. Therefore, a mechanism is needed so that traffic lights can intelligently and 

adaptively manage signal time allocation according to traffic flow conditions. This type of mechanism gave 

rise to the new term “smart traffic light”. 

In general, the development of smart traffic light technology has been discussed in research [5-8]. 

However, the previous paper has not thoroughly discussed the technology, both in terms of hardware and 

software, as well as further development of smart traffic light. Research related to smart traffic lights has 
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produced traffic lights that can adapt to certain traffic situations. Smart traffic light cycle settings can be 

grouped based on the traffic density, scenarios for emergency vehicles, and the interests of the pedestrian. 

This paper analyzes the methods and technologies used in the development of smart traffic light technology 

from the perspectives of these three situations. As novelties of this paper are comprehensive review and 

prediction of the development of smart traffic light technology in the future. The composition of this paper is: 

chapter 2 discusses the classification of current smart traffic light technology, chapter 3 describes the recent 

developments of smart traffic lights, and the conclusions are presented in chapter 4. 

 

 

Table 1. Losses in large cities due to congestion [2] 
Rank City Country Continent Peak Hours Spent in 

Congestion 
Inrix Congestion 

Index 
Average Congestion 

Rate 

1 Los Angeles; CA USA North America 102 18.3 12% 

11 Bangkok Thailand Asia 64 12.5 23% 

12 Jakarta Indonesia Asia 63 13.4 20% 

13 Washington; DC USA North America 63 10.8 11% 
24 Rio de Janeiro Brazil South America 51 10.6 15% 

25 Munich Germany Europe 51 9.1 16% 

 

 

Table 2. Economic losses due to congestion [1] 
Urban Area Hours Lost in 

Congestion 

(Rank 2018) 

Year Over 

Year 

Change 

Inner City Last-

mile Travel 

Time (minutes) 

Inner City 

Last-mile 

Speed (mph) 

Cost of 

Congestion 

(per driver) 

Cost of 

Congestion 

(per city) 

Boston, MA 164 (1) -10% 6 11 $2,291 $ 4.1B 

Washington, DC 155 (2) -3% 5 11 $2,161 $ 4.6B 

Chicago, IL 138 (4) 4% 5 12 $1,920 $ 6.2B 

London 227 (1) 1% 8 7 ₤ 1,680 ₤ 4.9B 
Birmingham 134 (12) -4% 5 12 ₤ 994 ₤ 388.7M 

Glasgow 99 (16) 4% 5 13 ₤ 736 ₤ 320.4M 

 

 

2. RESEARCH METHOD 

A traffic control mechanism was first attempted in Toledo, Ohio, in 1908, involving semaphore 

signals from a tower in the middle of an intersection controlled by the police inside. The adoption of traffic 

light technology began after Henry Ford introduced the model T in 1908, which began being mass-produced 

in 1913 [9]. In 1920, William Potts created the first four-way, three-color traffic lights by adding an amber 

"caution" light, whereas previous traffic lights had included only two signal lights, red and green. The 

addition was made to increase the safety of the driving process. This traffic light design became standard in 

the mid-1930s and was installed in Detroit, Michigan [10]. The development of traffic lights has continued 

through the application of new technologies or combinations of existing technologies. Figure 1 shows the 

classification of the development of the traffic light technology that exists today. 

 

 

 
 

Figure 1. Smart traffic light classification 

 

 

In general, research on traffic lights focuses more on setting signal scheduling in accordance with 

the main motivations of traffic lights. Based on their motivation, smart traffic lights can be divided into 

traffic lights to reduce congestion and give priority to vehicles in emergency situations or traffic lights whose 

scheduling adjusts to the presence and number of pedestrians. Studies [11-44] focus on scheduling traffic 

lights to reduce congestion. With this motivation, traffic lights detect the number or length of vehicle queues 

in one lane and compare this value to that of other lanes. A longer green light will be given for lanes with 

greater numbers of vehicles or queue lengths. Studies [45-52] focus on scheduling traffic lights for 

emergency situations. Basically, with this motivation, traffic lights detect approaching emergency vehicles 

and assign a green light to the lane that the approaching emergency vehicle is in. This mechanism ensures 
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that emergency vehicles always have the green lights every time they pass through a traffic light so that 

emergency vehicles can reach their destination as soon as possible. In studies [53-56], the motivation of the 

traffic light design is to detect pedestrians and let them cross the road first. A detailed explanation of each 

study is presented in the following chapters. 

 

 

3. RESULTS AND DISCUSSION 

Based on their motivation, smart traffic lights can be divided into traffic lights to reduce congestion 

and give priority to vehicles in emergency situations or traffic lights whose scheduling adjusts to the presence 

and number of pedestrians. 

 

3.1.  Smart traffic lights for congestion reduction 

In [11], an emergency traffic control system for an intersection in the event of an accident, with 

deadlock recovery, livelock prevention, and conflict resolution, is designed based on Petri nets (PNs). A PN 

is a model for simulating and analyzing complex discrete event dynamic systems. In [12] determines the best 

location for installing sensor networks in traffic networks. In this study, three types of agents are designed so 

that the minimum travel time can be achieved: a traffic light management agent, a traffic detection agent, and 

a traffic light control agent at an intersection. In [13] uses a wireless sensor network (WSN) that is 

implemented at a crossroads, and these sensors make decisions about traffic movements to minimize the 

waiting times and average queue lengths. The algorithm proposed in this system optimizes traffic light 

scheduling without changing the order of the current light cycles so that road users are not confused.  

In [14], a system that is able to recognize traffic lights on a smartphone platform is created. The 

proposed system is also able to recognize the traffic light cycle. In [15] proposes a system consisting of three 

agents, namely, traffic light management agents (TLAgents), traffic jam detection agents (TJamAgents) and 

agents that control traffic lights at intersections (IntersectionAgents). A TLAgent is placed at each traffic 

light to regulate the changes in the light signals. TJamAgents are placed in vehicles and sensors installed in 

several places and receive traffic information. A IntersectionAgent is a traffic light communication system at 

a particular intersection that receives information from the nearest TJamAgent and determines the traffic light 

cycle based on that information. In [16] utilizes RFID technology to detect traffic jams. The traffic light cycle 

is dynamically regulated based on traffic density to minimize congestion with the help of an internet of things 

(IoT) sensor. Each vehicle has a passive RFID tag installed, and the sensor records the number of vehicles 

passing through to the next sensor. In [17] proposes a pheromone-based traffic management framework to 

reduce congestion by combining dynamic vehicle rerouting strategies and traffic light control. Each vehicle 

pheromone traffic deposit and pheromone intention (representing the current and future traffic densities) are 

recorded during a trip. If congestion occurs, the framework adopts a proactive vehicle rerouting strategy, 

where vehicles that need to be rerouted are selected and given an alternative route before they enter a jammed 

road. In [18] evaluates two scheduling algorithms, namely, the earliest deadline first (EDF) and fixed priority 

(FP) algorithms. In the FP algorithm, vehicles are grouped into four classes. The lane with the highest 

priority vehicle is served first. In the EDF algorithm, vehicles are prioritized based on deadlines to 

destinations. With this algorithm, the number of stops, average delays and prioritized vehicle travel times are 

significantly reduced. The EDF algorithm yields better performance than FP. In [19] proposes an image 

processing-based traffic control system using MATLAB code that changes the traffic light signal time by 

considering the traffic density. The system aims to reduce waiting times on empty roads. The image in each 

lane is obtained using a webcam, and the number of vehicles on the road and the traffic density are calculated 

by applying the suitable MATLAB function. The duration of the green light is determined based on the 

density of the traffic duration, where a longer time is given for denser roads. 

In [20] devises a two-level strategy at the intersection to prevent congestion caused by accidents. 

Level one is used to stop a vehicle from driving in a certain direction, and level two is used to give a warning 

that recommends not driving in a certain direction. In [21] proposes an artificial bee colony (ABC) algorithm 

to minimize the average waiting time (AWT) at an intersection based on the dynamic traffic load input. This 

algorithm is inspired by honeybee swarm behaviour and can optimize the waiting time by 98.43% for a 

simulation duration of 1800 seconds. In [22] uses traffic congestion data from Google's API to design 

adaptive traffic lights that can reduce traffic congestion by detecting congestion from the point of departure 

to the nearest traffic light. One advantage of this method is that it does not have high infrastructure 

installation costs (such as those for the installation of sensor networks). Information can be delivered with an 

average delay of 1.5 seconds (maximum of 3 seconds). In [23] sets traffic lights so that vehicles do not stop 

when traffic conditions are low using LaNPro (a smart traffic light module specifically for quiet 

streets/intersections). In [24] proposes a two-way traffic-light-to-vehicle communication (TLVC) scheduling 

scheme to reduce fuel consumption and CO2 emissions by ensuring that large vehicles can directly cross 
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traffic lights without stopping. Heavy-duty vehicles are given priority to cross the traffic light first. The 

simulation results show that the green light hit rate for all vehicles, especially vehicles with heavy loads, 

increases significantly. In [25] uses a WSN to collect road traffic data in real-time, a fuzzy logic controller 

(FLC) for decision making (which path to give the green light to first), and a routing algorithm that 

dynamically gives a green light based on data from the FLC. In [26] proposes a dynamic routing strategy that 

constantly provides motorists with travel time updates and considers adaptive signal control for efficient 

routing in the actual transport network. Routing is used to reduce the queue length and average waiting time 

and increase the average speed in the network. In [27] uses the adaptive neuro-fuzzy inference system 

(ANFIS) method to process road density and road width data to determine the duration of a given green light. 

The road density is calculated based on the video taken by the system and processed using the connected 

component labeling (CCL) method. CCL image results are compared with the image condition of an empty 

road (without a vehicle) to obtain the vehicle density percentage. Road condition data (in the form of video 

footage) are collected, and road images are taken when there are no vehicles (clear road conditions). When 

the object in the test image has been obtained, the road density is calculated by comparison with the empty 

road image that was previously obtained. Data on the road density and line width are the ANFIS inputs for 

determining the duration of a given green light. In [28] proposes a pretimed system to accommodate traffic 

variations. The system determines the traffic density from the intensity histogram standard deviation of the 

image representing the vehicle detection area of a lane and modifies the green time of each intersection. The 

system controls the flow of vehicles based on signal-timing plans and determines the traffic density by 

detecting all objects in the vehicle detection area in each lane with four wireless IP cameras and then 

modifying the current green time of a lane. Each camera captures the entire vehicle waiting area, but the 

program detects only the vehicles in the vehicle detection area. The traffic density is determined by 

calculating the intensity histogram in the entire region of interest (ROI). The system calculates the standard 

deviation of the histogram. If the value is smaller than the low threshold, the system concludes that traffic 

density is low, and green time is shortened. If the value is higher than the high threshold, the system 

concludes that the traffic density is high, and the green time is extended. 

In [29] builds two kinds of reinforcement learning algorithms, namely, deep policy-gradient (PG) 

and value-function-based agents, that can predict the best possible traffic signal for traffic intersections. The 

adaptive traffic light control agent receives a snapshot of the current graphical traffic simulator and generates 

a control signal. PG-based agents map their observations directly to the control signal, while value-function-

based agents first estimate the values for all legal control signals and then choose the optimal control action 

with the highest value. In [31] models the traffic signal controller using an actor-critic reinforcement learning 

advantage algorithm (A3C) with various state representations to determine differences in performance. The 

parameters studied include the vehicle density, traffic flow, queues, location, and speed together with the 

current traffic phase, cycle length and duration of red lights. In [32] introduces a new approach based on a 

modified round-robin scheduling algorithm based on genetic algorithm techniques that optimize the timing 

efficiency of signaled intersections. In order to evaluate the cost function and check if the global optimum 

has been reached, this technique uses initial timing patterns to produce new offspring (in terms of length of 

delay). The modifications implemented in the traditional normal round-robin scheduling algorithm are based 

on NOR logic gates. When two vertically connected lines do not have vehicle activity, instead of the traffic 

system giving them a green light, the system will give a green light to another lane that has at least one 

vehicle that will cross the intersection. A set of traffic counters is applied during 3 specific periods to capture 

the traffic flow and delay in each crossing lane. The calculation lasts for 20 minutes in each period. In [33] 

proposes an automated system that can detect emergency vehicles in heavy traffic from CCTV footage using 

a deep convolutional neural network to communicate this information to traffic lights or to automatically 

navigate other vehicles to clear the roads (giving priority to emergency vehicles). This system takes road 

recordings from CCTV and detects emergency vehicles. Pictures are taken every second with the CCTV 

cameras. In each picture, each vehicle on the road is detected and the system classifies the vehicles into 

emergency vehicles and ordinary vehicles. If an emergency vehicle is found, the computer notifies the traffic 

police or the automated system to clear the road. The Yolo-V3 algorithm is used for object detection because 

this algorithm is fast and capable of processing 45 images per second with a computer with a good processor. 

In [34] detects red lights and gives vehicles and pedestrians warnings near red lights using a smartphone. A 

priority system for traffic lights, which weights each lane based on the number and type of vehicles which are 

in that lane, is implemented. In [35] proposes a system consisting of trusted authority (TA) that regulates 

vehicle databases and communicates with vehicles with 3G/4G networks. In addition, a traffic light system is 

introduced that operates by exchanging information (vehicle status) between the vehicle and the traffic light 

controller. Based on the state of the vehicle, the traffic light determines which vehicle has priority. In [36] 

proposes vehicle macroscopic motion planning (VMMP) for route optimization and vehicle speed using data 

traffic and vehicle characteristics with vehicle connectivity (V2V, V2I, vehicle-to-cloud). The algorithm used 
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to determine the vehicle routes is a genetic algorithm. In [37] proposes a data transmission communication 

mechanism involving three units: congestion detection, data control, and congestion control. Congestion 

detection is used to measure the level of the channel used to detect congestion. Data control is used to collect 

and filter messages (to avoid redundancy) and then to group messages into 4 clusters. Congestion control is 

used to determine the communication parameters (transmission range, rate). The predetermined 

communication parameters are sent by traffic lights to vehicles that need to stop at red lights to reduce 

collisions and control congestion. In [38] exploits a five-megapixel resolution CCD camera designed and 

used to monitor real-time traffic approaching each intersection and to measure the traffic volume of each lane 

and queue, transmitting real-time data parameters to the traffic light control system, such as the length of the 

vehicle and the average waiting time. The device will define the video frame by frame and match the route in 

question automatically, monitor the passage of vehicles and make decisions based on the actions of vehicles. 

To control traffic lights at one point, a real-time traffic indicator is linked to traffic lights. This system can 

also be used as a sensor for traffic guidance systems for the urban road network to provide traffic guidance 

input data and to monitor the overall road conditions automatically. 

In [39] develops a better and dynamic traffic light control design using the fuzzy Mamdani logic 

method. The analysis is based on the length of the vehicle queue in each lane at the intersection, the width of 

each road, the number of vehicles heading to the traffic (intersection) and the vehicle speed. The duration of 

the green light period for each lane can be optimized based on parameters such as the length of the queue in 

each lane, the number of vehicles entering the queue, the vehicle speed and the width of each lane. From the 

parameter values, the μ value is then determined for application based on the rule calculation. Lanes with 

longer vehicle lines will have longer green light periods than other lanes with fewer vehicles. In [40] 

proposes validation strategies based on genetic algorithms and automatic generation for different traffic 

scenarios. Some of the parameters used for validation assessment include the number of vehicles arriving at 

their destination, CO2 emissions, NOx, and travel time (can select certain cycles for certain traffic 

conditions). In [41] optimizes the traffic flow by proposing two approaches: RITCO and VITCO. With 

RITCO, the sensor collects road information (queue number of vehicles) and then tells the traffic lights to set 

the cycle based on the information. With VITCO, vehicles exchange information with each other to detect 

traffic jams and tell traffic lights to regulate cycles. In [42] designs a real-time traffic light optimization 

system to respond to sudden changes in parameters so that the traffic system can operate efficiently. The 

system calculates the number of vehicles in a lane and determines the scheduling of traffic lights based on 

that number. In [43] uses sensors and cameras to collect traffic data. These data are subsequently analyzed, 

with the sensor data being used to provide traffic information. If the length of the traffic queue is longer than 

100 meters, the vehicles approaching the intersection will be notified. The camera data are used to view the 

vehicle data (license plate, type of vehicle). In [44] proposes a history-based traffic management algorithm. 

The traffic information of the previous year are used to predict current traffic flow. From these predictions, 

the cycle for green lights and red lights is then regulated. 

 

3.2.   Smart traffic lights for emergency vehicles 

In [45] uses RFIDs to detect stolen vehicles. If a stolen vehicle crosses an intersection, an SMS is 

sent to the police post. Emergency vehicles are distinguished by RFID tags, and the concept of green waves 

(always getting a green light) is used. This mechanism does not use a camera due to weather problems (if the 

weather is bad, the image quality deteriorates, and the image processing is complicated). In [46] constructs an 

integrated system so that each vehicle can communicate. Each vehicle provides information (speed) for other 

vehicles. The green light duration is calculated based on the distance of the vehicle to the intersection and the 

estimated time of arrival. The number of vehicles is counted using a camera, and emergency vehicles are 

distinguished using sensors. In [47] designs an accident detecting, alerting and tracking mechanism so that an 

ambulance can immediately pass through an intersection as quickly as possible. The system is equipped with 

a patient health (vital sign) monitoring system. In [48] establishes a traffic control scheme based on PLCs. 

For detecting emergency vehicles and triggering emergency protocols, RFID tags are used. Under normal 

operating conditions, the normal signal sequence is maintained; when the emergency protocol is triggered, 

the state of the device is changed before an emergency vehicle reaches the intersection. The machine returns 

to its usual state when the emergency situation is over. In [49] designs a control system based on software 

defined networking (SDN) and the IoT to modify the traffic light cycle when there is an emergency with the 

aid of traffic cameras. The SDN controller contacts the cloud to collect traffic data and arrange the traffic 

light cycle based on that data. In [50] uses RFID to track the arrival of ambulances at a certain distance. The 

RFID data are processed by a microcontroller, which changes the light signal to green when the ambulance 

passes through the traffic light. GPS, which is embedded in ambulance driver mobile devices, is used to send 

information from mobile devices to the cloud. The mobile devices are used to authenticate the emergency 

and nonemergency conditions of the ambulance. In [51] suggests that a system signal the nearest traffic light 
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when an ambulance approaches. RFID technology is used in this study by embedding RFID tags in 

ambulances. The ambulance driver activates the tag if the ambulance is under emergency conditions, and 

then the tag is detected by a traffic light with an RFID reader. The traffic light changes to green when the 

ambulance reaches a certain distance from the traffic light and remains green until the ambulance passes the 

traffic light. 

In [52] uses RFID to control traffic signals by measuring vehicle density. RFID-based technology 

that can clear traffic congestion during crowded hours and provide emergency vehicles with protected lanes 

is proposed. The main aim of this system is to control traffic effectively and encourage movement by 

emergency vehicles. Emergency vehicles are marked when, at a certain distance, an RFID signal is detected. 

When an emergency vehicle is approaching, the traffic server notifies the Arduino at the junction. This 

information obtained by Arduino is then balanced by the RFID signal acquired from the RFID reader. This 

confirms whether or not the car is in an emergency setting. Until verified, by switching to the green light, the 

path for the emergency vehicle is cleared. If an emergency vehicle receives an RFID signal from Arduino, 

then the green lights are given for their direction. Traffic information is submitted to the server so that, using 

web pages, users can determine the traffic conditions.  

 

3.3.   Smart traffic lights for pedestrians 

In [53] uses a fuzzy-based approach by applying three membership functions (low, medium, and 

high) for the number of pedestrians (input) and the phase of the traffic lights (output). The critical time 

(crossing time again is tight) and noncritical time are determined by a rule. Pedestrian crossing is prioritized, 

so the allocation of red light time for vehicles increases if the number of crossers increases. In [54] optimizes 

traffic lights so that slow pedestrians (disabled/elderly people) can cross safely and congestion is minimized. 

Additional green light time is allocated to pedestrians only when a slow pedestrian is detected (from the IoT 

device installed on the slow pedestrian). In [55] establishes a model for signal-controlled intersection 

simulation that can be used to test the efficacy of adaptive control in different traffic conditions, including the 

presence or absence of intersectional pedestrian traffic using the Monte Carlo method. The difference in the 

speed of the incoming traffic flow and the presence or absence of pedestrian traffic is determined by the 

vehicle delay, queue length, and traffic light cycles. This research creates a numerical model that represents 

the performance of an intersection with adaptive control to obtain the average value of the traffic light cycles 

that can be used, the length of the queue and the vehicle delay. In [56] proposes a road crossing system using 

sensors, CCTV, and illuminators to track pedestrians and illuminate them to help motorists more easily avoid 

dangerous situations. This system consists of six main parts, namely, a CCTV analyzer, which works closely 

with CCTV to track pedestrians and record crossings; boundary detectors to detect pedestrians and vehicles 

entering certain areas; illuminators to illuminate crossings and allow pedestrians to be seen from afar and to 

provide light for CCTV; control units and control centers to obtain the latest traffic conditions and send 

certain video recordings and operate algorithms; and emergency response centers for reporting systems to the 

control center in the event of an accident. 

 

3.4.  Discussion 

The development of smart traffic light technology includes several aspects, including the process of 

vehicle detection, both public and emergency vehicles, the process of pedestrian detection, and the 

scheduling algorithm used for various specific situations. In the process of detecting vehicles or traffic 

congestion, technology such as cameras, wireless sensor networks, and RFID is used. To detect pedestrians at 

a crossing, the camera technology is often used. RFID technology is commonly used to distinguish types of 

vehicles. In this case, emergency vehicles are more widely given RFID to distinguish them from other 

vehicles. When a traffic light detects the presence of RFID in an emergency vehicle, the lane of the 

emergency vehicle is given priority for the green light so that the emergency vehicle can directly pass 

through the crossing without stopping. RFID is chosen because it has a long-distance range, does not require 

a line of sight, is robust to challenging environments and can track objects in real-time. Cameras are 

alternative technology for detecting vehicle density and the presence of pedestrians because they can describe 

traffic conditions with high accuracy from the results of image processing, although the level of accuracy is 

directly proportional to the image quality obtained. In terms of the use of algorithms for scheduling traffic 

lights, in general, artificial intelligence and machine learning algorithms such as fuzzy logic algorithms, 

genetic algorithms and neural networks are used. Each of these algorithms has advantages and disadvantages, 

as shown in Table 3. 

Although the development of smart traffic light is able to provide convenience such as reducing 

travel time and stops at intersections, there is one problem that hinders the adaptation of smart traffic light, 

namely the costs required for signal control devices, communication networks and periodic updates to 

regulate systems that are able to adapt to traffic conditions. This adaptive system requires periodic traffic 
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research and recalibration. For further technological developments, both in terms of industry and academic 

research, it is expected that smart traffic lights will be able to operate in accordance with changing traffic 

conditions through high-speed communication. Further development of the algorithm is required to be able to 

integrate position, speed and queue data received from vehicles as well as sensor and transmitter 

infrastructure, to make predictions and strategies to monitor, learn and respond to traffic conditions 

optimally. In the following years, smart traffic light is expected to become an infrastructure capable of 

managing traffic independently so that the human error factor in this task can be minimized.  

 

 

Table 3. Comparison of algorithms used for smart traffic light scheduling 
 Fuzzy Logic Algorithm Genetic Algorithm Neural Network 

Advantages Uses simple mathematics for systems 

that are nonlinear, is integrated and 

complex; has high precision. 

Supports multiobjective 

optimization; is suitable for 

discrete problems, continuous 

problems or both. 

Can learn from complex and 

nonlinear relationship models; 

has no limits on the input 

variables. 

Disadvantages Has very high computational 
requirements for a high degree of 

accuracy; response is not real-time; 

limited use of input variables. 

Has very high computational 
requirements; takes a long 

time. 

Requires considerable 
computing resources; no 

specific rules for determining 

the network used. 

 

 

4. CONCLUSION 

Smart traffic light is a technology that is expected to be able to solve congestion problems. The 

methods and technologies used in the development of smart traffic light to reduce traffic density and detect 

emergency vehicles as well as pedestrian are analyzed in this paper. In the future, smart traffic light is 

expected to manage traffic independently to reduce the human error factor in this task. 
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