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Abstract 

The implementation of a ignition control panel for industrial ignition purposes to provide safe, controlled, 

and efficient ignition in remote or standalone environments. The system comprises an Arduino Mega 

microcontroller which allows automation of ignition sequence, controlling and monitoring. The design 

includes some essential components such as push-buttons, key locked master switches, Arduino Mega, 

LEDs for alert, RSO (Regional safety officer), LO (Launch officer), MD (Mission director), launch and 

abort operations. The system includes relays that use the selected circuit switching also available using 

LED and buzzer indicators that give immediate feedback to know the status of the system. Additionally, 

to enhance the user understanding for launch operation and monitoring, the system is integrated with 

dashboard, which acts as a virtual display of the control panel. The dashboard provides UI (User interface) 

to the operator, details of monitoring, alert, abort, and launch modes. 

This ignition system is utilize in areas like rocket propulsion, explosive testing, rocket motor testing etc. 

By combining safety, portability and efficiency, the system provides a reliable and low-cost solution for 

ignition control in today’s demanding environments. 

 

Keywords: Ignition System, Launch mechanism, Sequential authentications, Human–machine interaction 

(HMI), Alert and abort mechanisms, Real-time system feedback 

 

1. Introduction 

This ignition system plays a crucial role in various industrial applications such as rocket launching, rocket 

motors testing, explosive testing. The manual ignition can be unsafe, risky, includes human error and 

accidental ignition. To overcome this challenges the ignition control system have introduce to controls 

remote and safe ignition. By implementing multi-level safety mechanisms and controlled ignition 

sequences, the system minimizes the risk of accidental ignition while ensuring precise timing. The system 

integrates Arduino Mega-based control, multi-step safety mechanisms, relay switching, and a dashboard 

for real-time monitoring and remote operation.  

Implement multi-level safety mechanisms, including alert, RSO, LO, MD,  launch, and abort switches to 
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prevent accidental ignition and ensure controlled operations. A dashboard for real-time system 

monitoring, operational status visualization and remote control. The web interface allows operators to 

observe and control the ignition  process  from a safe, centralized location, ensuring operational safety, 

quick response to   alerts, and easier management of remote or off-grid setups. 

The control panel supports remote initiation of ignition sequences for rocket tests conducted in authorized, 

remote outdoor areas. Deployment in forested or rocket motors  test sites requires formal safety plans, 

environmental and regulatory clearance, and on-site fail-safe and abort mechanisms.The system offers a 

robust, low-cost, and efficient alternative to conventional ignition controllers, enhancing both safety and 

operational efficiency in critical industrial launching process. 

 

2.  Literature Review 

2.1. Insights from Literature Review 

2.1.1 Evolution of Ignition Systems: 

References  prove that the development of ignition systems has gone from common mechanical, analog 

designs to adapted electronic systems. Electronically ignited systems increase accuracy, consistency and 

cost efficiency. Important features, like timing control, relay drive and fail-safe operations as well as 

programmable logic are setting the state of embedded controller engineers use in today's ignition systems 

such as the one proposed. Systems of the present invention may also provide diagnostics, monitoring 

and/or modular construction for easier maintenance, upgrading and integration with other industrial 

systems. Transition from mechanical to electronic control provides for faster response and accuracy in the 

ignition sequence as well as less need to be manually involved, an important application when safety and 

precision are critical. 

2.1.2 Safety and Interlock Mechanisms: 

References highlight the importance of safety interlocks and controlled access in ignition systems. To 

avoid unauthorized or error ignitions it is essential to adhere to multi-level safety concepts which may 

involve master keys, permission switches, sequencing checks and emergency abort devices. All of these 

studies make clear the necessity for redundant protective systems ‚ especially in industrial and defense 

applications that have potential significantly negative impact if any minor violation occurs. Furthermore, 

the implementation of safety interlocks in conjunction with the digital controllers facilitates software-

driven safety monitoring thereby freeing of dependency on manual checks and improving reliability. 

2.1.3 Diagnostics and Fault Detection: 

References described fault detection and system monitoring with the help of sensors and software 

interfaces. By employing methods like real-time monitoring, anomaly detection, sensor fusion and 

dashboard-based alerts we can increase maintenance efficiency while optimizing the early identification 

of faults. In terms of : These approaches are close to Node. io based web dashboard deployed in this 

project that offers remote monitoring, system status visualization and alerting. Diagnostics integration 

means that the system can predict failure before it occurs, enhancing safety and minimizing downtime in 
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mission-critical applications. 

2.1.4 Industrial and Defense Applications: 

The defense and industrial literature shows that the ignition systems of solid rocket motor (SRM), 

propulsion platform and industrial ignition setup demand high reliability, portability, fail-safe operation. 

Battery powered and remote controlled and modularized systems are particularly prized in testing where 

no grid supply is available or in hazardous test environment. The study concludes that igniters used in 

portable systems should integrate safety, control accuracy and remote monitoring which inherently 

dictates the practical development of this work. 

2.1.5 Integration with Microcontrollers and Automation: 

Several references shows that modern microcontrollers (e.g., Arduino) are being employed more and more 

for the ignition sequence control, safety verification, and even logging of data. Microcontroller driven 

designs create scalable, modular, remote monitored systems that can be integrated with automation 

platforms and IoT networks. Microcontrollers also allow software controlled adaptation of ignition 

pattern, programmeable delay and remote over-ride capability for added flexibility in control. 

Furthermore, these systems are logging data for subsequent post-operation analysis which assumes a 

fundamental importance in industrial and defense applications, where traceability control and performance 

evaluation play an important role. 

2.2 Key Findings from Literature 

The literature reviewed in this section emphasizes microcontroller implementation to ignition control 

systems for a safe, accurate and remotely controlled launch of rocket. These systems leverage multi layers 

of safety, relay control and software dashboards to ensure safe, and scalable operation in dangerous or 

off-grid spaces. 

Sr. 

No. 

Title of 

Paper/ 

Article/Book 

Name of 

Author 

Name of 

Journal/Publisher 

Year of 

Publication 
Remarks 

1. 

Electronic 

Ignition System 

with New 

Technology 

R. Al-

Alwani 

International Journal of 

Enhanced Research in 

Science, Technology & 

Engineering 

2023 

Reviews modern 

electronic ignition 

systems highlighting 

precision and 

reliability but this 

system aims to ignition 

of automobile/ 

vehicles motors. 

2. 

Safety Interlock 

System Design 

and Control 

Experiment 

P. Wang, 

G. Su, W. 

Yang, P. 

Jing 

Sensors 2022 

Focuses on multi-level 

safety interlocks and 

controlled access for 

industrial machinery 
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3. 

Ignition System 

for Solid Rocket 

Motors 

DRDO 
DRDO Technology 

Focus 
2020 

Highlights battery-

operated, portable 

ignition systems 

specifically for rocket 

launches and defense 

applications 

                                      Table 1: Most Relevant Research / Literature Papers 

A number of studies reviewed here emphasize the importance of microcontroller-based electronic ignition, 

multi-level safety checks and web-enabled monitoring for safe and flawless operation of rocket launch 

systems. Key findings The following summarizes major findings from the literature:  

High Timing Precision: Advanced electronic systems with high timing precision, covering programmable 

ignition sequence and reliable relay operation to ensure accurate rocket ignition. 

Multi-Level Security Systems: Abort, authorization switch and sequential ignition checks reduce chances 

of accidental or unauthorized operations. 

EMI (Electromagnetic Interference) Management: Shielding, circuit isolation, and a rugged relay design 

prevent the impact of electrical noise that can cause down time in your machine. 

Fault Detection and Monitoring: with real-time monitoring and diagnosis, ensure early discovery of 

anomalies to minimize the risk of launch failure. 

Remote Monitoring and Control: Web-based dashboards, Node. 0.1 js interfaces allow operators to 

monitor ignition from afar, ramping safety and response times. 

Battery-Operated Portability: Rocket launches can be made in a remote or off-grid situation with battery 

operated systems to give you the freedom to operate away from traditional power sources. 

Industrial and Defense Significance: There is industrial and defense interest in portable, dependable, 

remote monitored ignition systems that can satisfy the extreme safety requirements of rocket launch 

applications. 

 

2.3 Squib Analysis 

A squib is a component who responsible for the iniating the ignition parameter in small scale. Squib is a 

electrically activated pyrotechnic device that produces a output in the form of hot gas or flame, to ignite 

the main propellent. Analysis of squib is the main step for rocket launching system. Proper selection of 

squib is essential and as well as the integration of squibs is also essential to ensure reliable and safe ignition 

for any rocket launching system. 

  

A squib is a compact electro-explosive device (EED) that help to initiate the basic primary composition 

of any ignition system. This squib converts the electrical energy into thermal energy, which ignites a 

pyrotechnic composition, which is controlled and reliable to use. Squib is reliable and controlled it is 

widely used in airbags, aerospace ignition systems, defence mechanism and more in industrial safety 
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devices.  

 

                                                                Figure 1 : The squib 

 

2.3.1 Structure of Squibs 

Squibs are the main connection between an electrical control system and the actual firing of a primary 

composition of a rocket. Application of a controlled electrical impulse system through relay activates the 

squib, which causes an instantaneous reaction confined locally to ignite the main propellant combustion. 

The project uses the squib as a final activation stage, remote triggered by the dashboard made by Node.js 

and Arduino Mega use to control the logic of the sytem. 

 

                                                       Figure 2: the structure of squib 

 

2.3.2 Ignition Characteristics of Squib  

Resistance: The resistance of a squib is usually known and is between 1 Ω and 5 Ω which is must be taken 

into consideration when designing the driver circuit to ensure that enough current is flowing. 

Voltage and Current Operate: Squibs are characterized by key electrical parameters: - Resistance (R): 

Typically between 0.8–2.0 Ω.  

No-Fire Current (I_nf): The maximum current that does not ignite the squib over a long duration (e.g., 

≤0.2 A for 5 seconds).  

 All-Fire Current (I_af): The minimum current that ensures ignition within a specified time frame (e.g., 

≥1 A within 80 ms). 

Operating Voltage (V): Defined by Ohm’s Law, V = I × R.  

Energy Requirement (E): Determined by E = I² × R × t, where t is the pulse duration Each squib is designed 

to fire with a specific voltage and current without blowing to relieve. The squib may be damaged by 
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overcurrent and not ignited due to undercurrent. 

Pulse Length: The AE must exist for a certain time period, generally greater than 1 ms to insure that 

proper ignition is achieved. 

 

 

                                                             Figure 3 : Ignition of squib 

 

2.3.3 Safety Considerations 

Due to their explosive nature, squibs demand strict safety protocols: 

1. Prevent stray currents or electromagnetic interference. - Avoid exposure to electrostatic discharge 

(ESD). - Prevent stray currents or electromagnetic interference. 

2. Control Circuit Isolated: The arming initiates the arm squibs, which are tied through a series of 

relays to allow electrical isolation from the control circuitry (Arduino microcontroller with low-

voltage logic) which prevents accidental firing. 

3. Chain Authorization: Activation is not in a single step (Master, Alert, RSO and Launch) to 

minimize accidental or unauthorized firing. Use certified squib simulators for testing rather than 

live devices.Adhere to military and aerospace safety standards 

4. Failsafe Design: In the event any safety interlock should be bypassed or defeated, there will be no 

ignition. Safety in handling, storage, and operation is paramount to prevent accidental ignition. 

 

2.3.4 Integration with Control System 

The squib is incorporated in the firing control panel as follows: 

 

 

 

 

  

 

 

                                              

 

 

 

 

                                                     Figure 4: Integration of squib 

Arduino Mega Relay  

Squib 

Node.js 

Dashboard 
 

Status 

 

http://www.aijfr.com/


 

Advanced International Journal for Research (AIJFR) 

E-ISSN: 3048-7641   ●   Website: www.aijfr.com   ●   Email: editor@aijfr.com 

 

AIJFR26035704 Volume 7, Issue 3 (May-June 2026) 7 

 

Verification of Optical Inputs: Prior to each launch, the Arduino Mega confirms that all input devices 

(push-button and switches) are in their proper states. 

 

Activation: If the test is successful, both power and ground to the squib shall be provided by completing 

the high-current relay circuit. 

 

REMOTE MONITORING The dashboard records whatever the squib is doing (armed,fire) and indicates 

successfull firing to the operator. 

 

2.4. Research Challenges and Goals 

2.4.1 Research Challenges 

Remote Systems Management: Conventional igniters generally do not provide for remote monitoring 

which as typically performed manually is required prior to a launch. 

 

Limited Fault Detection: It is not always feasible for systems to detect all faults (e.g., stuck relays or 

unauthorized activations attempts) at runtime. 

 

EMI (Electromagnetic Interference): High-voltage ignition systems can generate EMI that interferes with 

the operation of a microcontroller. 

 

Scalable and Remote Ready: Up-scaling ignition systems for multiple rockets or remote locations can be 

a hassle without modularity and web-monitoring solutions. 

 

2.4.2 Goals of the Project 

Safe and Secure Ignition: Sub System provides high safey-operations with multi-tier protection device 

system such as master key, multi authorize against sequential & emergency abort feature. There are 

physical interlocks and software routines to prevent accidental or unauthorized ignition. 

 

Real Time Monitoring and Alerts: Web Based dashboards continuously monitor system parameters of 

real time status for each ignition stage. The screen offers real-time notifications for an errors, abnormal 

voltage, or unauthorized operation. 

 

Automatic Firing Sequence: The ignition is a timed sequence Alert → RSO → LO(MD) → Launch and 

Abort that is all processed in an exact predetermined manner. Confirmation is needed by authorized 

personnel at all steps so as not to be accidentally activated. 

 

Battery Powered Operated: The state of the ignition system is designed to operate well in outdoor or off-

grid settings with a reliable battery source. Power detecting function maintains stable voltage at all times 

during usage. 
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3.Methodology 

The methodology adopted for this project is the development of a safe, automated, and remotely monitored 

ignition system that provides assured reliability and precision for launch operations. It follows a structured 

design process: requirement analysis, system design, hardware implementation, software development, 

testing, and validation. Each stage of the design process is well-planned, considering the aspects of safety 

as well as performance. 

 

The system is integrated with an Arduino Mega microcontroller-based ignition circuit and a web-based 

monitoring and control dashboard developed using Node.js. It involves various steps in a sequence: 

integrating sensors, key-based authorization, establishment of communication, and interfacing with the 

dashboard. 

3.1 Methodology Flowchart 

The step-by-step procedure pursued in the proposed work is as inspired below: 

                         

 

 

 

 

                            

 

 

 

 

 

                      

 

                                                     Figure 5 : Methodology flowchart 

 

 

 

Requirement Analysis 

System Design 

Software Implementation 

Hardware Implementation 

Integration Testing 

Validation and Performance Evaluation 

Deployment 
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Stage 1: Requirement Analysis and simulation 

 

During this preliminary stage, the most important functional and safety requirements of the ignition system 

are recognized. Issues like ignition control, remote operation, interlocking sequence, fault monitoring, and 

emergency abort conditions were considered. Focus has been given towards the development of a portable 

design that is battery-operated and should be capable of operating from remote sites such as forests and 

testing sites. Simulate the circuit diagram on proteus 8 professionals. 

 

 
 

                                                                                  Figure 6 : Simulation  

 

Stage 2: Hardware Design 

 

The hardware design involves the selection and validation of appropriate components, including Arduino 

MEGA 2560 for ignition control, relays for isolation, and LED indicators for system feedback. 

A simulation on Proteus 8 Professional was done to check the correct working of the circuit before 

physically implementing it. 

 

1. Arduino Mega library, along with other component libraries such as relays, LEDs, switches, and a 

buzzer, were added to the workspace. 

 

2. Digital inputs were assigned for push buttons and master keys, outputs for LEDs and relays, while 

considering the pin configuration in the actual hardware. 

 

3. The simulation enabled the testing of the sequential logic (ALERT → RSO → LO → MD → LAUNCH 

→ ABORT) in a virtual environment and helped check for timing delays, the correctness of the logic, and 

interlock safety conditions. 

 

4. Successful simulation results confirmed the reliability of the design, thus allowing easy transition to the 
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assembling of physical circuits. 

5. Power Supply Section: Battery (12V) → Buck converter → regulated 5V supply for Arduino Mega and 

5V relay module. 

 

6. Master keys & push-buttons → Arduino digital inputs 

 

7. LEDs → Arduino digital outputs via current-limiting resistors. 

 

8. Relay module  → Arduino digital outputs 

 

9. Common ground between battery (buck), Arduino, and relay driver. 

 

Stage 3: Arduino Mega pin mapping recommendations : 

 

Pin Name 
Pin 

No. 
Connected Component Description / Functionality 

ALERT_PIN 25 Alert Push Button 
Initiates the system alert sequence; the first stage 

in the launch process. 

RSO_PIN 28 
RSO (Range Safety 

Officer) Button 

Enables the second stage of safety verification 

before the launch. 

MD_PIN 26 Mission Director Button 
Final authority before actual ignition — provides 

master confirmation. 

LAUNCH_PIN 24 Launch Button 
Triggers the ignition command when all 

previous keys/stages are verified. 

ABORT_PIN 23 Abort Button / Switch 
Immediately halts the ignition process — high-

priority interrupt input. 

                                                   Table 2 : Push button connection 

Pin Name 
Pin 

No. 

Connected 

Component 
Description / Functionality 

OUT_RELAY_PIN 7 Output Relay Controls the actual ignition line to the squib or 

igniter; HIGH = ON. 

BUZZER_PIN 11 Active-High Buzzer Emits audible tones for alerts, confirmations, and 

abort notifications. 

                                                   Table 3 : Relay/Buzzer Control 
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Stage 
Red LED 

Pin 

Green LED 

Pin 
Function / Meaning 

Alert Stage 30 31 Red = inactive, Green = alert active 

RSO Stage 36 37 
Red = awaiting RSO authorization, Green = 

RSO confirmed 

Launch Officer (LO) 

Stage 
34 35 Red = standby, Green = LO verified 

Mission Director (MD) 

Stage 
32 33 Red = not verified, Green = MD approved 

Launch Stage 38 39 Red = waiting, Green = ignition ready 

Abort System 40 41 Red = abort engaged, Green = system safe 

                                                          Table 4 : LED Indication of Status Feedback 

 

Stage 3: Software Development 

 

This design will be realized using the Arduino IDE for the embedded code and Node.js for the web-based 

dashboard. The Arduino program controls the sequence logics: Alert → RSO → LO → MD → Launch 

→ Abort. The Node.js dashboard displays data in real-time, including system health and fault detection. 

This software will also provide alert notifications, sending data to be logged for post-launch analysis. 

 

Stage 4: System Integration 

 

This stage is about integration of both hardware and software. Communication between the Arduino 

controller and the web server is established to allow synchronization in real time. Relay modules, switches, 

and indicators are connected and tested for appropriate functionality. The dashboard is configured to 

display all necessary parameters, ignition status, and safety interlock conditions. 

 

1. Overview of the project 

 

We connected an Arduino Mega-based launch-control hardware to a laptop dashboard so that every 

hardware action-button/key presses, aborts, launches, status messages-are shown in real-time on a 

browser-based GUI and read aloud. 

The pipeline: 

Arduino Mega (Serial1 @ 9600) → Node.js server (serialport) → WebSocket → Browser dashboard 
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(HTML/CSS/JS) → Text-to-speech This lets operators watch and hear system state changes as they occur. 

 

2. Components & roles 

 

Arduino Mega 2560 Reads physical inputs (keys/buttons wired with INPUT_PULLUP), controls relays 

and buzzer, executes the state machine (ALERT → RSO → LO → MD → LAUNCH), and prints status 

lines to Serial1 (TX1/RX1) Uses Serial1.begin(9600). 

USB-to-Serial converter (CH340 / FTDI) This is used for serial communication between Arduino and PC. 

 

3.  Laptop / Node.js server 

 

Runs server.js: Opens the COM port with serialport library - parses newline-delimited lines - broadcasts 

them via WebSocket (ws) Hosts the static files for the dashboard public/index.html, styles.css, script.j 

4. Browser Dashboard 

 

Web UI showing company logo, system status lights, instruction panel, and live event log. 

Connects to the Node server with WebSocket ws://localhost:3000 and gets instant messages. It reads every 

message using Web Speech API, speechSynthesis. 

 

Stage 5: Testing and Validation 

 

Extensive testing is done to confirm system performance in various circumstances. Each phase of launch, 

from the alert phase to the point of ignition, is tested to ensure that safety interlocks operate as designed. 

Fault detection and abort operations are checked to ensure that the system does not function in an unsafe 

mode. Various field simulations are conducted to check on the range, communication reliability, and 

efficiency of the battery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                  Figure 7: Hardware 
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Stage 6: Performance Evaluation 

 

Successful testing is then followed by evaluating the system for criteria like reliability, response time, user 

accessibility, and compliance with safety. Data from these helps in refining the control logic for improved 

performance of the system. The evaluation also compares the system with existing ignition systems to 

highlight the improvements achieved by automating and integrating IoT. 

The development of the Portable Rocket Ignition Control System followed a multi-step methodology, 

based on precision, safety, and operational reliability. It first started with a thorough requirement analysis 

that aimed to identify system needs for secure ignition, real-time monitoring, and environmental resilience. 

Based on this, a feasibility study was conducted to select appropriate microcontrollers, sensors, and 

communication modules that provide scalability and safety compliance. In hardware design, this included 

circuit developments, simulation, and breadboard testing that validated voltage regulation, current 

protection, and relay logic for safe ignition. 

Advanced safety mechanisms were implemented, such as a triple-master-key authentication system to 

avoid unauthorized or accidental launches. The firmware embedded in Arduino IDE and written in C 

integrated a web-based dashboard for real-time system monitoring, fault detection, and launch sequence 

control. Upon successful software-hardware integration, the system was migrated to a custom PCB where 

it went through extensive dry-run and field testing to ensure performance stability and fault tolerance. 

3.2 System Architecture 

 

 

 

 

 

 

 

 

 

 

 

 

                                                

Figure 8 : Architecture 

Hardware Layer 

Rocket Ignition Console 

1. Buttons/Relays/Buzzer 

2. Arduino mega 2560(Serial 1) 
 

 

Server Layer 

Node.js + Express + serialPort + WS 

1. Reads COM7 @ 9600 baud 

2. Broadcasts data via WebSocket 

 

 

Frontend UI 

HTML / CSS / JavaScript Dashboard 

1. Real-time status lights 

2. Log + Audio Announcement 
 

 

Operator 

Monitor Dashboard and listens to 

alerts 
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Conclusion 

The development of the Battery-Operated Ignition Control Panel – Integrated Launch and Receiving 

Station has successfully demonstrated the creation of a viable, compact, safe, and reliable ignition control 

system applicable to industrial and defense use. The distinguishing feature of the current project was its 

focus on three overarching objectives, namely, operational safety, remote monitoring, and operational 

reliability. These objectives were realized through an ideal combination of hardware and software design. 

More specifically, the implementation assumed the use of Arduino Mega as the central controller, 

combined with relay-based switching and multi-level safety mechanisms, making the system capable of 

accurate association of ignition sequences. Additionally, each stage, including ignition alert, RSO, 

subsequent launch, and abort, was isolated and verified to ensure that ignition could be completed solely 

after ensuring safety and the readiness of the personnel. This configuration makes accidents, electrical 

failures, and minimalistic human errors almost impossible. 
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