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Introduction:  

1. Natural and human-induced disasters pose a significant threat to human life and 

infrastructure, requiring rapid and efficient response systems 

2. The “Golden Hour” after a disaster is critical, where timely search and rescue (SAR) 

operations can significantly reduce casualties 

3. Mobile robotics has emerged as a key technology to assist rescue teams by enabling 

remote inspection, environment mapping, and survivor detection 

4. However, disaster environments are highly unstructured, consisting of debris, uneven 

terrain, and confined spaces 

5. Conventional robotic systems face limitations in such conditions, creating the need 

for advanced and adaptable robotic solutions 

6. Legged (quadruped) robots provide superior mobility and adaptability, making them 

suitable for navigation in complex disaster scenarios 

Objectives:  

1. To design and develop a 12-DOF autonomous quadruped robot capable of navigating 

hazardous and unstructured terrains 

2. To implement a robust mechanical and actuation system using high-torque servos 

and Inverse Kinematics (IK) for stable locomotion 

3. To develop a distributed embedded control architecture using Raspberry Pi, Arduino, 

and ROS-based communication 

4. To integrate sensor fusion (IMU + Kalman Filter) for real-time stabilization and 

adaptive movement 

5. To enable autonomous navigation using SLAM (LiDAR) for environment mapping and 

path planning 

6. To incorporate computer vision and wireless monitoring systems for human detection, 

remote operation, and real-time response 

 



49th Series Student Project Programme (SPP): 2025-26  2 

Methodology: 

1. Phase 1: Mechanical assembly of a 12-DOF quadruped robot, including servo 

calibration, 3D-printed chassis fabrication, and implementation of a dual-rail power 

distribution system for stable operation 

2. Phase 2: Development of embedded control architecture using Arduino (low-level 

control) and Raspberry Pi (high-level processing) for real-time Inverse Kinematics 

(IK) and gait generation 

3. Phase 3: Implementation of ROS-based locomotion framework, including URDF 

modeling, gait control (trot), and integration of open-source quadruped controllers 

4. Phase 4: Integration of sensor systems (IMU, LiDAR, Camera) with sensor fusion 

(EKF/Kalman Filter) for real-time orientation estimation and stabilization 

5. Phase 5: Development of autonomous navigation using SLAM, enabling environment 

mapping and path planning in unknown terrains 

6. Phase 6: Integration of computer vision system for human/fire detection with 

automated response mechanisms (audio-visual alerts) 

7. Phase 7: Simulation and validation using Gazebo and real-world testing, evaluating 

gait stability, navigation accuracy, and system reliability 

  

Result and Conclusion:  

• Developed a functional quadruped robot prototype capable of navigating uneven 
and hazardous terrains 

• Successfully demonstrated stable locomotion and gait control using multi-servo 
actuation and IK 

• Achieved autonomous capabilities including environment sensing, mapping, and 
navigation 

• Implemented AI-based human detection system, validating potential for search-
and-rescue operations 

• Enabled real-time monitoring and data transmission using IoT-based 
communication 

• Established a low-cost, open-source robotics platform for research and education 

Conclusion 

 

• The ECHO-Q project successfully demonstrates a cost-effective and scalable 

quadruped robotic system for disaster response 

• The integration of AI, IoT, and advanced control systems enhances its capability 

for real-world applications 

• The system provides a safe alternative to human intervention in hazardous 

environments 

• It also serves as a powerful educational platform, bridging the gap between 

theoretical learning and practical implementation 

• The project highlights the potential of indigenous, low-cost robotics solutions in 

addressing real-world challenges 
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Future Scope:  

The future scope of this project includes:  

1. Search & Rescue Enhancement: Integration of advanced SLAM, AI-based detection, 
and improved mobility for real-time disaster response 

2. Industrial Inspection: Addition of thermal cameras, gas sensors, and high-resolution 
vision systems for monitoring hazardous environments 

3. Environmental Monitoring: Deployment with multi-sensor modules for air quality, 
temperature, and field data collection 

4. Surveillance & Security: Implementation of vision-based tracking and autonomous 
patrolling for security applications 

5. Education & Research Platform: Expansion into AI-based gait learning, sensor fusion, 
and digital twin simulations for academic use 

6. Healthcare & Service Robotics: Adaptation for indoor assistance tasks such as 
delivery and patient monitoring 

7. Modular & Customizable Design: Development of interchangeable modules and 
payload systems for versatile real-world applications 

 

 

 

 


