CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary of the Study
This study focused on the design, development, and testing of a prototype Automated Railway Level Crossing System using Arduino Uno, ultrasonic sensors, servo motors, LEDs, and buzzers. The project was motivated by the growing safety concerns at manually operated level crossings in Nigeria, where accidents and near misses often occur due to human error, negligence, or slow response times.
The system was designed to detect approaching and departing trains through ultrasonic sensors strategically positioned before and after the crossing. Upon detection of an approaching train, the system activated an audible buzzer, switched traffic signals from green to red, and lowered the barrier gate via a servo motor. When the train departed, the system reversed the process, raising the gate, switching the light back to green, and silencing the buzzer.
Implementation was carried out in two phases: hardware assembly and simulation on Autodesk Tinkercad. Testing confirmed that the system responded reliably to train detection within an average range of 24–26 cm for the model, with barrier operations occurring in less than two seconds. Synchronization between the buzzer, LEDs, and barrier gates was consistent and effective.
The findings showed that the prototype met all project objectives, proving that a low-cost, microcontroller-based automated railway crossing system can enhance safety and reduce human dependence. However, limitations such as sensor range, environmental interference, and scale differences between prototype and real-world implementation were noted.

5.2 Conclusion
The developed automated railway level crossing system demonstrated the feasibility of replacing or supplementing manual crossing operations with an affordable, reliable, and efficient automated solution. Using Arduino and readily available electronic components, the system achieved real-time detection, timely barrier control, and clear visual and auditory signaling.
The automation successfully eliminates the delays and inconsistencies associated with human-operated systems, thereby improving safety for motorists, pedestrians, and railway operations. Although the prototype was implemented on a small scale, the principles and control logic can be adapted for full-scale installations with enhanced sensors, robust materials, and additional communication features.
This project highlights that with appropriate adaptation, low-cost technologies can contribute significantly to the modernization of Nigeria’s railway safety infrastructure, particularly in rural and semi-urban areas where funding and manpower are limited.
Final Remark:
The successful implementation of this prototype underscores the potential of leveraging affordable, open-source hardware and locally sourced components to address long-standing safety issues in Nigeria’s railway transport sector. With further refinement and support, automated level crossing systems can become a standard feature across the country’s railway network, drastically reducing accidents and improving efficiency.


5.3 Recommendations
Based on the study’s results and identified limitations, the following recommendations are made for future improvements and large-scale deployment:
1. Enhance Detection Range and Accuracy; Use long-range LiDAR sensors, radar modules, or advanced IR sensors to detect trains from a greater distance, especially for high-speed operations.
2. Integrate Renewable Energy Solutions; Implement solar panels with battery backups to ensure uninterrupted operation in rural areas with unstable power supply.
3. Add Communication and Monitoring Features; Incorporate GSM, IoT, or wireless modules to alert central control rooms of system status, faults, or security breaches.
4. Employ Advanced Object Recognition; Introduce camera-based AI systems to detect obstructions on the track or unauthorized crossing during gate closure.
5. Adapt for Real-World Scale; Use industrial-grade servo or motor mechanisms for larger and heavier gates, ensuring durability under outdoor conditions.
6. Community Awareness Programs; Conduct public education campaigns to ensure motorists and pedestrians understand the signals and respect automated gate operations.
7. Policy and Infrastructure Support; Collaborate with government transport agencies to integrate low-cost automation into ongoing railway modernization projects.
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