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Abstract—Traffic congestion at signalized intersections is one of the major causes of delay 

for ambulances during emergency response. Even a short waiting period at a traffic signal 

can affect the ability of an ambulance to reach a hospital or emergency location quickly. This 

paper presents a prototype smart traffic control system designed to provide priority passage 

to ambulances at road intersections. The proposed system uses a dedicated control panel 

operated by a traffic police officer or control room operator. When an ambulance 

approaches a traffic signal, the operator presses a direction-specific push button on the 

transmitter unit. The transmitter sends a 433 MHz radio frequency signal to the receiver 

unit connected to the traffic signal controller. After receiving the command, the receiver 

activates the signal path for the ambulance and blocks traffic movement from the remaining 

three directions. The prototype uses Arduino Uno boards on both transmitter and receiver 

sides, push buttons, a 433 MHz RF transmitter and receiver pair, traffic signal LEDs, a 

NeoPixel LED, buzzer, Bluetooth module, and a basic application interface for ambulance 

movement and manual control demonstration. The system was evaluated through prototype-

level testing rather than full-scale field deployment. The observed demonstration shows that 

the proposed design can represent emergency signal priority logic in a simple, low-cost, and 

understandable manner. The paper discusses the system architecture, working principle, 

hardware implementation, software demonstration, advantages, limitations, and future 

development scope. 

 

Index Terms—Ambulance priority, Arduino Uno, emergency vehicle preemption, intelligent 

traffic control, RF communication, smart traffic signal, 433 MHz module. 

 

I. INTRODUCTION 

 

Urban traffic congestion is a serious challenge for emergency medical transportation. Ambulances 

often face delays at signalized intersections because regular traffic signal cycles do not 
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automatically recognize emergency vehicle movement. In many cases, ambulance drivers rely on 

sirens, flashing lights, and the cooperation of surrounding drivers. However, these conventional 

methods are not always effective in crowded urban environments where vehicles may not have 

enough space to move aside. As a result, an ambulance may be forced to wait at a red signal even 

during a medical emergency. 

A smart traffic signal priority system can reduce such delays by giving temporary right-of-way to 

an ambulance. The basic idea is to interrupt the normal signal cycle for a short emergency period, 

stop conflicting traffic directions, and clear the path required by the ambulance. This concept is 

commonly related to emergency vehicle preemption, where signal behavior is adjusted to support 

emergency vehicle movement. 

The project presented in this paper focuses on a practical prototype for ambulance priority using 

radio frequency communication. Instead of using a fully automated camera or GPS-based detection 

system, the proposed model uses a control panel operated by a traffic police officer or control room 

operator. When the ambulance approaches a traffic signal, the operator selects the required 

direction by pressing a button. The transmitter sends a 433 MHz RF command to the receiver 

installed near the traffic signal control unit. The receiver processes the signal and changes the 

traffic signal LED states so that the ambulance direction is cleared while the other three directions 

are blocked. [1], [2], [3], [4] 

The system also includes a basic application demonstration. The application is not presented as a 

fully deployed traffic management platform; rather, it demonstrates the concept of ambulance 

movement, location visibility, and manual control buttons for traffic congestion or special cases. 

This makes the project suitable for academic demonstration, embedded systems learning, and 

early-stage intelligent transportation system prototyping. 

 

II. LITERATURE REVIEW 

 

Emergency vehicle priority at intersections has been studied under intelligent transportation 

systems, traffic signal preemption, and smart city traffic management. Traditional emergency 

response depends mainly on sirens and warning lights. Although these methods alert nearby 

drivers, they do not directly control the traffic signal. In congested roads, the drivers ahead of an 

ambulance may be unable to create a clear path, especially near a red signal. This limitation has 

encouraged the development of emergency vehicle preemption systems [5]. 

Traffic signal preemption systems are designed to modify normal signal timing when an 

emergency vehicle approaches. Common technologies include optical emitters, acoustic detection, 

GPS-based tracking, radio communication, vehicle-to-infrastructure communication, and 

centralized control room systems. Optical and acoustic systems depend on line-of-sight or 

environmental conditions. GPS-based approaches provide location awareness but require network 

connectivity, mapping support, and software that is more complex. Vehicle-to-infrastructure 

systems are powerful but may require large-scale infrastructure upgrades [6], [7], [8]. 
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Several research studies have also explored intelligent traffic control using fuzzy logic, machine 

learning, IoT, and connected vehicle systems. These methods can improve decision-making by 

considering real-time traffic density, vehicle location, and route priority. However, advanced 

approaches may be expensive or difficult to implement in small academic prototypes. For 

educational and low-cost demonstration purposes, RF-based communication remains useful 

because it can transmit simple control commands wirelessly with relatively simple hardware. 

The 433 MHz RF transmitter-receiver pair is commonly used in embedded systems for short-range 

wireless control. It can send simple encoded commands from one microcontroller to another. In 

the context of this project, the RF module is used to transmit the selected ambulance direction from 

the control panel to the traffic signal receiver unit[9], [10]. 

 

III. METHODOLOGY 

 

The methodology followed in this project includes problem identification, system requirement 

analysis, hardware selection, transmitter and receiver circuit design, control logic development, 

application interface demonstration, and prototype testing. First, the problem of ambulance delay 

at traffic signals was studied. The main functional requirement was defined as the ability to select 

an ambulance direction manually and change the traffic signal state accordingly. Second, the 

system was divided into two units: a transmitter-side control panel and a receiver-side traffic signal 

controller [11], [12], [13]. 

Arduino Uno was selected as the microcontroller platform because it is widely available, simple 

to program, and suitable for digital input-output control. A 433 MHz RF transmitter and receiver 

pair was used for wireless communication between the control panel and signal controller. The 

receiver logic was programmed to activate the ambulance route and block the other three 

directions. Finally, a basic front-end application was created to demonstrate ambulance movement, 

location display, and manual control options for special traffic conditions. 

The prototype was tested in a controlled demonstration environment. Since field testing at a real 

traffic intersection was not conducted, the results are presented as qualitative prototype outcomes 

and clearly labeled sample demonstration graphs rather than measured traffic performance 

statistics. 

 

IV. PROPOSED SYSTEM DESIGN 

 

The proposed system consists of three main layers: the control input layer, wireless communication 

layer, and traffic signal output layer. The control input layer contains the operator control panel. It 

includes four push buttons representing four traffic directions, such as North, South, East, and 

West. When the operator identifies the direction from which an ambulance is approaching, the 

corresponding button is pressed. 
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Figure 1 :- Flow diagram of the system architecture 
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The wireless communication layer uses a 433 MHz RF transmitter and receiver. The transmitter 

sends a direction-specific command. The receiver receives the command and passes it to the 

Arduino Uno at the traffic signal side. The traffic signal output layer consists of signal LEDs 

representing four directions. When a valid ambulance priority command is received, the receiver-

side Arduino sets the ambulance direction to a clear state and sets the remaining three directions 

to a stop state. 

 
Figure 2 : - Circuit for the receiver module 

The receiver unit represents the traffic signal control side. It includes another Arduino Uno, a 433 

MHz RF receiver module, four traffic signal LEDs, and a Bluetooth module. The receiver module 

collects the transmitted signal. The Arduino then updates the LED outputs according to the selected 

ambulance route. The Bluetooth module may be used for application-based demonstration or local 

communication with a display/control interface. 

 
Figure 3 : - Circuit diagram of the receiver module 
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The receiver-side circuit of the proposed ambulance priority traffic signal system is built around 

an Arduino Uno and a 433 MHz RF receiver module. The RF receiver captures the wireless 

command sent from the transmitter side and forwards the received signal to the Arduino Uno for 

processing. Based on the received command, the Arduino controls the traffic signal LED units 

representing the North, South, East, and West directions. 

 
Figure 4 : - 3D Printed control panel having four push button with neo pixel for controlling the 

traffic light for transmitter module 

 

 
Figure 5 : - Circuit diagram of the transmitter module 

 

The transmitter unit works as the control panel. It includes an Arduino Uno, four push buttons, a 

433 MHz RF transmitter module, a NeoPixel LED, and a buzzer. Each push button corresponds to 
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one traffic direction. When a button is pressed, the Arduino identifies the selected direction and 

sends the appropriate signal through the RF transmitter. The buzzer can provide an audio 

confirmation, while the NeoPixel LED can provide visual feedback. 

 

V. SOFTWARE AND APPLICATION DEMONSTRATION 

 

 
Figure 5:- home screen of the ui for traffic police and Civilian patient 

 

The software side consists of Arduino firmware and a basic application interface. The Arduino 

transmitter program continuously checks the push button states. When a button is pressed, the 
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program assigns a direction code and transmits it through the RF transmitter. Debouncing logic 

may be added to prevent false multiple triggers from a single press. 

 
Figure 6  :- Traffic Police Screen which he will be able to see on app 

 

The receiver-side program listens for incoming RF commands. When a valid command is received, 

it compares the received direction code with predefined values. Based on the decoded direction, 
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the Arduino updates the signal LEDs. For example, if the ambulance is coming from the North 

direction, the North route is cleared while South, East, and West are stopped [14]. 

 
Figure 7 : - The Civilian screen app for making the ambulance booking and transit 

 

The application interface demonstrates the movement of the ambulance and provides a visual 

representation of its location. It also includes manual control buttons that can be used conceptually 



© Volume 2, Issue 7, July 2026 | JATIR 

JATIR 140855      JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 390 

during congestion or special traffic conditions. In the current prototype, the application is used 

mainly for concept demonstration. 

 

VI. WORKING PRINCIPLE 

 

The working principle of the system is based on manual emergency priority activation through RF 

communication. Under normal conditions, the traffic signal may operate according to regular 

timing. When an ambulance approaches the signal, the operator determines the required direction 

and presses the corresponding button on the transmitter panel. 

After the button press, the transmitter-side Arduino generates a direction command. This command 

is sent wirelessly using the 433 MHz RF transmitter. The receiver module placed at the traffic 

signal side receives the RF signal and forwards it to the Arduino Uno. The Arduino checks the 

command and changes the traffic signal outputs. 

If the received command corresponds to Direction 1, then Direction 1 is given priority. The LED 

for that direction indicates clearance, while the LEDs for the remaining directions indicate stop. 

The same logic is applied for Direction 2, Direction 3, and Direction 4. This creates a controlled 

emergency passage for the ambulance. 

 

VII. RESULTS AND DISCUSSION 

 

The system was tested as a prototype demonstration using Arduino-based transmitter and receiver 

units. The main objective of the test was to verify whether button-based direction selection could 

be transmitted wirelessly and reflected in the traffic signal LED outputs. The prototype 

successfully demonstrated the basic emergency priority logic. When a direction button was pressed 

on the transmitter panel, the receiver responded by activating the corresponding traffic signal state 

and stopping the other three directions. 

The following python graphs are based on controlled prototype behavior and sample 

demonstration data. They are included to explain transmitter response, receiver transition logic, 

RF reception trends, and response latency under different operating conditions. These figures 

should not be interpreted as field-validated traffic performance statistics. 
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Figure 8 :- Transmitter response during ambulance priority request. The graph shows button 

activation, RF command transmission, and local feedback output using prototype demonstration 

data. 

 
Figure 9:- Receiver traffic signal output during emergency priority mode. The ambulance route is 

cleared while the remaining three traffic directions are stopped. 
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Figure 10 :-  Prototype RF command reception under different operating conditions. Reception 

quality decreases with distance and obstruction. Values are based on sample demonstration data. 

 

 
Figure  11 :-  Estimated prototype response latency across operating conditions. The values are 

illustrative and represent controlled demonstration behavior rather than field deployment data. 
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Algorithm 1: Ambulance Priority Traffic Signal Control[15], [16], [17], [18], [19] 

Input: 

    Direction button pressed by operator: 

    North, South, East, or West 

 

Output: 

    Green signal for ambulance direction 

    Red signal for all conflicting directions 

 

Begin 

1.  Initialize transmitter-side Arduino Uno. 

2.  Initialize receiver-side Arduino Uno. 

3.  Initialize RF transmitter and RF receiver modules. 

4.  Initialize four push buttons: 

        B_North, B_South, B_East, B_West 

5.  Initialize traffic signal outputs: 

        S_North, S_South, S_East, S_West 

6.  Initialize feedback devices: 

        buzzer and NeoPixel LED 

7.  Set all traffic signals to normal operating mode. 

8.  Repeat continuously: 

        8.1 Read the status of all direction buttons. 

        8.2 If B_North is pressed, then 

                command ← NORTH_PRIORITY 

                transmit command using RF transmitter 

                activate buzzer and NeoPixel feedback 

        8.3 Else if B_South is pressed, then 

                command ← SOUTH_PRIORITY 

                transmit command using RF transmitter 

                activate buzzer and NeoPixel feedback 

        8.4 Else if B_East is pressed, then 

                command ← EAST_PRIORITY 

                transmit command using RF transmitter 

                activate buzzer and NeoPixel feedback 

        8.5 Else if B_West is pressed, then 

                command ← WEST_PRIORITY 

                transmit command using RF transmitter 

                activate buzzer and NeoPixel feedback 

        8.6 Else 

                continue normal traffic signal operation 
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        8.7 At the receiver side, check for incoming RF command. 

        8.8 If a valid RF command is received, then 

                decode the received command 

        8.9 If command = NORTH_PRIORITY, then 

                S_North ← GREEN 

                S_South ← RED 

                S_East  ← RED 

                S_West  ← RED 

        8.10 Else if command = SOUTH_PRIORITY, then 

                S_South ← GREEN 

                S_North ← RED 

                S_East  ← RED 

                S_West  ← RED 

        8.11 Else if command = EAST_PRIORITY, then 

                S_East  ← GREEN 

                S_North ← RED 

                S_South ← RED 

                S_West  ← RED 

        8.12 Else if command = WEST_PRIORITY, then 

                S_West  ← GREEN 

                S_North ← RED 

                S_South ← RED 

                S_East  ← RED 

        8.13 Else 

                ignore the command 

        8.14 Maintain the emergency priority signal state 

             until the ambulance crosses the intersection. 

        8.15 Restore the normal traffic signal cycle. 

9.  End Repeat 

End 

 

Algorithm 2: RF Transmitter-Side Ambulance Direction Selection 

 

Input: 

    Direction selected by operator using push buttons: 

    B_North, B_South, B_East, B_West 

 

Output: 

    Direction-specific RF command transmitted to receiver unit 
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Begin 

1.  Initialize Arduino Uno on transmitter side. 

2.  Initialize 433 MHz RF transmitter module. 

3.  Initialize four push buttons: 

        B_North 

        B_South 

        B_East 

        B_West 

4.  Initialize feedback devices: 

        buzzer 

        NeoPixel LED 

5.  Set all direction buttons as input. 

6.  Set buzzer and NeoPixel LED as output. 

7.  Repeat continuously: 

       7.1 Read the status of B_North, B_South, B_East, and B_West. 

 

        7.2 If B_North is pressed, then 

                command ← NORTH_PRIORITY 

                transmit command through RF transmitter 

                activate buzzer 

                set NeoPixel LED to confirmation state 

                wait for debounce delay 

 

        7.3 Else if B_South is pressed, then 

                command ← SOUTH_PRIORITY 

                transmit command through RF transmitter 

                activate buzzer 

                set NeoPixel LED to confirmation state 

                wait for debounce delay 

 

        7.4 Else if B_East is pressed, then 

                command ← EAST_PRIORITY 

                transmit command through RF transmitter 

                activate buzzer 

                set NeoPixel LED to confirmation state 

                wait for debounce delay 

 

        7.5 Else if B_West is pressed, then 

                command ← WEST_PRIORITY 

                transmit command through RF transmitter 
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                activate buzzer 

                set NeoPixel LED to confirmation state 

                wait for debounce delay 

 

        7.6 Else 

                keep transmitter in standby mode 

                continue monitoring buttons 

 

8.  End Repeat 

 

End 

 

Mathematical Formation for Codding: Begin [1], [2], [3], [4], [11], [20] 

1. Initialize transmitter unit: 

       Arduino Uno, RF transmitter, push buttons, buzzer, and NeoPixel LED. 

 

2. Define the button state function: 

 

       B_i(t) = 

       { 

           1, if direction button i is pressed at time t 

           0, otherwise 

       } 

 

       where i ∈ {N, S, E, W} 

 

3. Define the command generation function: 

 

       C(t) = 

       { 

           C_N, if B_N(t) = 1 

           C_S, if B_S(t) = 1 

           C_E, if B_E(t) = 1 

           C_W, if B_W(t) = 1 

           ∅,   if B_N(t) = B_S(t) = B_E(t) = B_W(t) = 0 

       } 

 

4. Continuously read all button states: 

 

       B(t) = [B_N(t), B_S(t), B_E(t), B_W(t)] 
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5. If any button state is equal to 1, generate the corresponding command C(t). 

 

6. Transmit the generated command using the RF transmitter: 

 

       RF_TX(C(t)) 

 

7. Activate feedback output: 

 

       F(t) = 

       { 

           1, if C(t) ≠ ∅ 

           0, if C(t) = ∅ 

       } 

 

       If F(t) = 1: 

           Turn ON buzzer 

           Turn ON NeoPixel confirmation indication 

 

8. Apply debounce delay: 

 

       t = t + Δt 

 

       where Δt is the debounce time used to prevent repeated false triggering. 

 

9. If no button is pressed: 

 

       C(t) = ∅ 

 

       Keep transmitter in standby mode. 

 

10. Repeat steps 4 to 9 continuously. 

 

End 

 

B_i(t) = Button input for direction i at time t 

 

C_i = Priority command assigned to direction i 

 

RF_TX(C_i) = Transmission of direction command through 433 MHz RF module 
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F(t) = Feedback output for buzzer and NeoPixel LED 

 

VIII. FUTURE SCOPE 

 

Future work can improve the system in several ways. GPS-based ambulance tracking can be added 

so that the system can automatically detect the ambulance location and approaching direction. The 

RF system can be replaced or supported by more secure communication technologies such as 

GSM, LoRa, Wi-Fi, or vehicle-to-infrastructure communication. Authentication can be added so 

that only authorized police or control room devices can control the signal. The application can be 

expanded into a real-time dashboard showing ambulance route, signal status, hospital destination, 

estimated arrival time, and congestion level. 

The system can also be improved using traffic density sensors, cameras, or ultrasonic sensors to 

manage queue clearance more intelligently. Instead of simply blocking three directions, the future 

version can calculate the safest transition phase and gradually clear traffic before the ambulance 

reaches the intersection. A field-ready system should also include fail-safe operation, logging, 

manual override, power backup, and compliance with local traffic authority standards. 

 

IX. CONCLUSION 

 

This paper presented a prototype smart traffic control system for giving priority passage to 

ambulances at traffic signals. The system uses a dedicated operator control panel, Arduino Uno 

microcontrollers, four push buttons, 433 MHz RF transmitter and receiver modules, traffic signal 

LEDs, a NeoPixel LED, buzzer, Bluetooth module, and a basic application demonstration. When 

an ambulance approaches a signal, the operator presses the appropriate button. The transmitter 

sends a wireless command to the receiver, and the receiver changes the signal state to clear the 

ambulance route while blocking the other three directions. 

The prototype successfully demonstrates the core logic of ambulance priority control in a low-cost 

and easy-to-understand manner. However, the results are limited to controlled prototype 

demonstration and do not represent real world field performance. For practical deployment, the 

system would require secure communication, automatic detection, and integration with real traffic 

controllers, safety validation, and testing under actual traffic conditions. Overall, the proposed 

system provides a useful foundation for developing smart ambulance priority solutions for 

intelligent transportation and emergency response applications. 
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