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Abstract	
This	article	deeply	studies	how	to	improve	the	effectiveness	of	traffic	signal	and	roadway	
signage	design,	pointing	out	some	shortcomings	in	current	design,	including	the	lack	of	
rationality	in	signal	configuration,	low	recognition,	and	ineffective	coordination	with	the	
surrounding	 road	 environment.	 In	 response	 to	 these	 issues,	 scientific	 layout	 and	
planning	of	traffic	signals,	enhancing	the	recognizability	of	signals	and	signs,	improving	
the	 compatibility	 between	 signals	 and	 roads,	 and	 promoting	 the	 development	 and	
application	of	intelligent	traffic	signal	systems	have	been	proposed.	Intended	to	increase	
traffic	flow	continuity,	reduce	traffic	accident	rates,	and	enhance	road	safety.	
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1. Introduction	

With the increasing complexity of urban transportation, traffic signals and signs, as an 
important component of road safety management, directly affect the smoothness and safety of 
traffic operations. However, there are still many deficiencies in the current design of road 
signals and signs, such as inadequate signal configuration, low recognition, and insufficient 
integration with surrounding road conditions, which have exacerbated the occurrence of traffic 
accidents and congestion. Therefore, the design of traffic signals and signs urgently needs to be 
optimized. This article analyzes the prominent problems currently faced in the design of traffic 
signals and signs, and proposes strategies for improvement. Meanwhile, specific design 
schemes and promotion strategies are provided, aiming to provide theoretical support and 
practical operation guidelines for traffic management work, and to help build a more intelligent 
and efficient traffic management system. 

2. Theoretical	Basis	for	Traffic	Signal	and	Signage	Design	

2.1. Definition	of	Traffic	Signals	
The road signal system is an information system that uses visual or auditory means to convey 
road usage regulations and safety warnings to motor vehicle drivers and pedestrians. It 
generally consists of components such as signal lights, alarm sounds, or identifiers. Its core 
function is to manage traffic flow in an orderly manner, ensure road safety[1], and rely on clear 
instructions to help drivers and pedestrians make appropriate judgments. According to 
different usage purposes, road signals can be subdivided into categories such as signal lights, 
warning lights, and regulatory signs. As a key element of traffic control, road signals have a 
direct impact on the safety of traffic and the efficiency of road use. The road signal system is not 
only a basic traffic control facility, but also shoulders the significant responsibility of balancing 
traffic flow, optimizing road utilization efficiency, and maintaining traffic order. 
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2.2. The	role	of	traffic	signs	
Traffic signs refer to various types of signs and pavement markings set up on roads to guide, 
warn, restrict, or direct the behavior of roadway users. These signs convey the correct way of 
driving to road users based on road conditions, traffic conditions, and specific requirements of 
laws and regulations, in order to reduce traffic chaos and prevent traffic accidents. Traffic signs 
can effectively alert drivers and pedestrians to pay attention to road conditions, such as turning 
movements, expressway/freeway ramps, and controlled intersections, etc., to reduce potential 
safety hazards. These signs assist drivers in determining behaviors such as overtaking, 
parking[2], driving, and following traffic signals by establishing clear traffic rules, thereby 
optimizing the efficiency of road traffic. Under diverse road conditions, traffic signs utilize 
features such as color, graphics, and symbols to enhance their visibility and recognition, 
ensuring that drivers and pedestrians can quickly understand and follow instructions. 

3. Problems	in	Traffic	Signal	and	Signage	Design	

3.1. Unreasonable	design	and	improper	signal	settings	
In the design of traffic signals in many cities, there is a common problem of unreasonable signal 
configuration and disconnection from actual needs. The signal light cycle time at some 
intersections is set too long, especially during periods of low traffic flow, and the lengthy red 
light waiting causes unnecessary delays. In this situation[3], drivers feel restless due to 
frequent braking, increasing the risk of traffic accidents. At the same time, some blocks with 
dense traffic have short signal periods, which prevent vehicles from fully passing through the 
intersection and cause congestion. Some cities have not fully considered the priority of different 
traffic flows when configuring signal lights, resulting in signal conflicts between main roads and 
side streets with lower traffic volumes, forming traffic bottlenecks. Even in some cases, the 
switching time of traffic lights does not match the peak hours traffic flow, making it difficult to 
effectively cope with the surge in traffic and pedestrians during peak hours. 

3.2. Visibility	Issues	of	Traffic	Signals	and	Signs	
The visual effect of traffic signs is not obvious, which also constitutes a key factor in the problem 
of visual recognition. Many outdated signs have faded or been damaged due to long-term 
exposure to sunlight and rain, making the text on the signs difficult to recognize Especially at 
night or in poor weather conditions, some signs are difficult for drivers to distinguish due to 
insufficient lighting, which poses a threat to driving safety. However, in some places, traffic 
signs are too small in size or use inappropriate color-contrast combinations, which 
undoubtedly further reduces their visibility and increases the complexity of traffic command. 

3.3. Mismatch	between	traffic	signals	and	road	environment	
The evolution of urban road networks and transportation demand is constantly changing, and 
some outdated roads are incompatible with the current traffic signal system, failing to adjust to 
the new traffic situation and causing traffic congestion problems. At the same time, in terms of 
transportation planning[4], the lane widths, traffic flow, and roadway typical section designs 
have not been effectively matched with the setting of traffic signals, which can easily lead to 
traffic safety issues. Especially in complex intersections or grade separated areas, if the traffic 
layout is not suitable for road conditions, it often confuses drivers and increases the risk of 
traffic accidents. 

3.4. The	lack	of	popularization	of	intelligent	traffic	signal	design	
The current coverage of intelligent traffic signal system is not yet widespread, and a large 
number of areas are still using traditional fixed timing signal cycle, which lack the necessary 
adaptability and intelligence. Although some cities have attempted to adopt intelligent signal 



Frontiers	in	Science	and	Engineering	 Volume	5	Issue	2,	2025

ISSN:	2710‐0588	
	

94 

systems in key transportation regions[5], the high equipment costs, lack of professional 
technical personnel, and challenges in system maintenance have limited the deployment and 
diffusion speed of intelligent transportation systems. In addition, the lack of effective 
connections between intelligent signal systems in different cities has resulted in the inability to 
achieve synchronous control of traffic signals between regions/zones, which affects the 
effectiveness of intelligent systems. The construction and daily maintenance of intelligent 
transportation signal systems require a huge amount of funding as support. However, in many 
places, funding and policy support are not sufficient, which limits the widespread application 
and popularization of intelligent transportation technology. 

4. Optimization	Strategies	for	Traffic	Signal	and	Signage	Design	

4.1. Scientific	design	and	planning	of	traffic	signals	
The reasonable layout and optimization of traffic signal systems must be based on in-depth 
analysis of traffic flow, road network structure, traffic demand, and road environment 
conditions, and integrated with modern transportation technology and data analysis methods 
to achieve optimization. As shown in Figure 1, the scientific configuration and optimization 
process of a traffic signal system involves many steps. 

 

 
Figure	1. Flow Chart of Traffic Signal Design and Optimization 

 

Firstly, before optimizing the traffic signal system, it is necessary to conduct detailed research 
on traffic flow. This step involves collecting vehicle, pedestrian, and non-motorized vehicle flow 
data from various road sections and intersections at different time periods, which is completed 
through on-site investigation and monitoring equipment. Using these detailed data[6], traffic 
engineers can identify peak traffic pressure and conduct comprehensive evaluations of road 
traffic efficiency, signal change cycles, and lane configurations. Secondly, in the planning stage 
of the signal system, the priority of signal lights should be scientifically set based on the specific 
conditions of different areas and intersections. At the intersection of main and secondary roads, 
given the high traffic volume on the main road, it is necessary to ensure signal priority and 
adjust signal cycles reasonably to reduce waiting time for vehicles on the secondary road. For 
special areas such as CBD, schools and hospitals, extra attention should be paid to pedestrian 
safety, and the green light duration of pedestrian crossings should be increased accordingly. 
Thirdly, the design of traffic signals must be combined with the specific conditions of the road 
environment. In areas with poor visibility, the size or brightness of signal lights should be 
increased so that drivers can identify signal changes in a timely manner. In case of insufficient 
lighting or adverse weather conditions, signal lights should be equipped with additional 
lighting facilities to enhance visibility. For intersections with frequent accidents or complex 
structures, clear warning signals or directional signs should be set up to assist drivers in making 
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quick judgments. Fourthly, in the scientific planning of traffic signals, public feedback and actual 
data on traffic accidents should also be fully considered. By analyzing historical traffic accident 
cases, potential issues in signal configuration can be identified and promptly corrected. At the 
same time, the traffic management department should actively encourage public participation 
and provide feedback on traffic signal settings to ensure that the design scheme truly meets the 
needs of the public and traffic safety standards. 

4.2. Improve	the	Recognition	of	Traffic	Signals	And	Signs	
The recognition of traffic signals and signs is directly related to the reaction speed and cognitive 
level of drivers and pedestrians to road conditions. In order to enhance the recognition of such 
signals, comprehensive optimization strategies must be implemented from various 
perspectives[7]. Firstly, the design of traffic signs and signal lights must pay attention to the 
clarity of their visual recognition. In various stages of design, it is essential to maintain the 
clarity of the graphics, logos, and fonts used to prevent the use of complex or obscure symbols. 
For traffic lights, it is important to ensure the visibility of the three colors of red, yellow, and 
green, as well as the contrast between them, in order to avoid identification difficulties caused 
by similar colors. Secondly, the rational selection and application of reflective materials are 
crucial for enhancing recognition. Reflective signs and signal lights can greatly increase their 
visibility at night or in low visibility environments. Especially in adverse weather conditions 
such as rain, fog, or low light at night, the use of reflective materials helps drivers quickly 
identify traffic signs and signals, reducing the risk of accidents. The clarity and simplicity of 
identification are equally crucial for improving recognition. Designing too complex may 
increase the difficulty of driver recognition and even lead to misunderstandings. When 
designing, efforts should be made to minimize textual descriptions and instead use intuitive 
symbols and patterns. Through precise and reasonable design improvements, the visibility of 
traffic signs and signal lights can be significantly enhanced, thereby effectively ensuring the 
safety and smoothness of traffic. 

4.3. Optimizing	the	adaptability	of	traffic	signals	to	road	environments	
The design of traffic signals and signs should not only focus on their distinctiveness and ease of 
identification, but also take into account the specific conditions of the road, traffic flow, and 
regional characteristics, striving to maximize efficiency[8], reduce the occurrence of traffic 
accidents, and protect the safety of pedestrians and drivers. The key to improving the 
coordination between traffic signals and road environment lies in conducting detailed research 
on traffic flow. The layout of traffic signals should be flexibly configured based on actual traffic 
flow data, congestion levels during peak traffic periods, and road speed limits. The 
configuration of traffic signals should be personalized according to actual needs for different 
types of roads, traffic conditions, and functional areas. At the transition between urban and 
rural roads, the types and quantities of traffic signs should be reasonably arranged based on 
factors such as speed limit requirements and vehicle density, such as setting up speed reduction 
signs, warning signs, etc. In high-speed driving areas such as highways, the layout of signal signs 
needs to consider factors such as vehicle speed, road curvature, and line of sight distance to 
ensure that drivers can receive warnings at a sufficient distance and take safety measures. As 
shown in Table 1, different types of road environments require differentiated optimization 
strategies. 
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Table	1.	Optimization Strategies for Traffic Signal and Road Environment Adaptability 
Road type optimization strategy Specific measures 

Expressway/ 
Freeway 

Adjust the position and signal cycle of the 
signal lights to increase visibility and 

warning capabilities 

1. Set warning signals in advance; 
2. Increase signal brightness and 

optimize position. 
Urban intersection Optimize signal cycle and priority to 

ensure pedestrian and vehicle traffic 
efficiency 

1. Adjust the signal cycle; 2. 
Increase pedestrian signal time. 

Urban rural 
transition section 

Adjust signal and identification types to 
ensure a safe transition 

1. Set deceleration signs; 2. Use 
warning signs. 

Curves and ramps Enhance the visibility and warning effect 
of signal lights 

1. Add reflective materials; 2. Set 
up deceleration warning signs. 

Low visibility area Enhance the night visibility of traffic 
lights and signs 

1. Use reflective materials; 2. 
Increase the brightness of the 

lighting. 

 
The adaptability of traffic signals to road environments also involves the integration of signal 
light placement and road facilities. In road sections where visibility is obstructed, such as 
tunnels, slopes, etc., the placement of signal lights needs to be adjusted according to the road 
structure and driving vision to prevent the signal lights from being obscured or having 
insufficient visibility, thereby slowing down the driver's reaction speed. In areas adjacent to 
pedestrian walkways or public transportation facilities, the control system of signal lights 
needs to be flexible and prioritize the smooth passage of pedestrians and public transportation 
to maintain traffic flow and order. Based on a comprehensive consideration of road functions, 
vehicle speed, traffic flow, facility configuration, and emergency response measures, the design 
and planning of traffic signals can better fit various traffic scenarios, optimize road capacity, 
and ensure safe and smooth traffic. 

4.4. Promote	the	design	and	application	of	intelligent	traffic	signals	
Promoting the construction and application of intelligent traffic signal systems is of great 
significance for improving traffic management efficiency, enhancing smooth traffic operation, 
and improving road safety. As shown in Figure 2, the framework for promoting intelligent 
traffic signal systems covers numerous core steps, jointly promoting the large-scale 
deployment of intelligent traffic signal systems. 

 

 
Figure	2.	Promotion architecture diagram of intelligent traffic signal system 
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Government agencies must establish development goals for intelligent traffic signal systems 
and draft specific development blueprints and implementation steps. Government agencies 
should also use measures such as financial subsidies and tax reductions to encourage local 
governments and transportation management departments to increase capital investment in 
intelligent transportation infrastructure. For those outdated urban roads, government agencies 
can establish special funds to promote the upgrading of intelligent signal systems and 
accelerate the integration and application of intelligent transportation technology in traditional 
management systems. During the promotion and publicity stage, relevant personnel need to 
receive comprehensive training and skill enhancement, and have a deep understanding of the 
construction concept, operation process, and maintenance skills of intelligent traffic signal 
systems. By offering workshops, technical seminars, and other means, the awareness and 
application level of intelligent traffic signal systems among traffic management agencies and 
engineering technicians can be enhanced. Promoting the popularization of intelligent traffic 
signal systems not only represents a technological breakthrough, but also requires attention 
and assistance from various sectors of society. The transportation department needs to use 
media, promotional activities, and other means to enhance the public's understanding of the 
importance of intelligent signal systems. For example, promotional videos about traffic safety 
can be created to raise public awareness of the advantages and functions of intelligent signal 
systems; In areas where intelligent signal systems are deployed, media such as posters and 
display screens can be used to introduce the rules for changing signal lights and the intelligent 
management features to citizens and drivers. The promotion of the popularization of intelligent 
transportation signal systems requires the overall cooperation of the intelligent transportation 
system. Intelligent signal control is not limited to the intelligent management of traffic signals, 
but also needs to achieve information interconnection and linkage operation with advanced 
facilities such as intelligent lighting, parking management automation systems, and unmanned 
driving technology. By integrating with autonomous driving technology, intelligent traffic 
signal systems can provide precise signal indication and path navigation for unmanned vehicles, 
thereby optimizing traffic flow and improving road safety levels. Cross departmental 
collaboration is crucial in promoting intelligent traffic signal systems. The government should 
play a leading role, establish a dedicated intelligent transportation promotion group, 
coordinate resources from all parties, form a joint force, and promote the comprehensive 
deployment of intelligent transportation signal systems.  

5. Conclusion	

Traffic signals and signs are an indispensable component of contemporary traffic command 
systems, playing an important role in ensuring road safety and improving traffic efficiency. 
However, existing designs still face issues such as poor signal configuration, unclear visibility, 
and lack of coordination with surrounding road conditions, all of which have a negative impact 
on traffic smoothness and driving safety. To this end, scientific traffic signal layout, enhanced 
identification of signs, improved matching between signals and roads, and promotion of 
intelligent traffic signal technology have been proposed. In the future, with the continuous 
advancement of technology and policy support, the design of traffic signals and signs is 
expected to achieve greater progress in improving traffic safety and smoothness, promoting the 
construction and improvement of smart transportation systems. 
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