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Introduction: 

Autonomous driving is revolutionizing global transportation systems, aiming to 

enhance safety, reduce human errors, and improve mobility. However, in India, the 

road conditions, traffic dynamics, and infrastructure complexities are distinctively 

challenging. Chaotic traffic patterns, unpredictable pedestrian and vehicle behavior, 

poorly marked lanes, uneven roads, and stray animals are commonplace on Indian 

roads. Most existing autonomous driving models are trained and tested in structured, 

well-maintained environments and are not readily adaptable to such unstructured, 

variable conditions. This project aims to bridge that gap by developing a cost-effective 

and modular Autonomous Driving Development Kit powered by Liquid Neural 

Networks (LNNs). LNNs are a new class of neural networks designed for dynamic 

environments. Unlike traditional neural networks, which are often rigid and 

computationally expensive, LNNs provide real-time adaptability with significantly lower 

overhead, making them ideal for embedded edge systems. 

In addition to LNNs, the system integrates sensor fusion from LiDAR, cameras, and 

Inertial Measurement Units (IMUs) to enhance environmental perception. The control 

system will use real-time path planning algorithms to navigate safely through complex 

traffic scenarios. By providing detailed documentation and open-source tools, this 



48th Series Student Project Programme (SPP): 2024-25 – Synopsis of the Project 2 

project will support educational institutions, researchers, and startups in exploring and 

innovating in the field of autonomous vehicles. 

Ultimately, the kit will act as both a learning platform and a practical prototype for 

implementing intelligent mobility solutions tailored to India's unique needs, contributing 

to the broader goals of smart cities and sustainable transportation. 

Objectives: 

The primary objective of this project is to design and develop a scalable, adaptable, 

and low-cost autonomous driving kit using Liquid Neural Networks for real-time 

intelligent decision-making in unstructured environments like Indian roads. The project 

aims to: 

1. Implement real-time learning and adaptation using LNNs for robust navigation. 

2. Enhance situational awareness through sensor fusion combining LiDAR, 

cameras, and IMUs. 

3. Deploy effective path planning algorithms such as Dynamic Window Approach 

(DWA) for obstacle avoidance. 

4. Ensure the system remains affordable and modular for ease of access and 

experimentation. 

5. Promote open-source contributions and provide educational support in the form 

of tutorials, datasets, and documentation. 

Methodology: The methodology for this project combines software development, 

dataset preparation, hardware integration, testing, and deployment in a structured and 

iterative approach to ensure system robustness and adaptability. 
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Figure 1: Methodology flowchart 

Software Development 

The software foundation begins with the implementation of Liquid Neural 

Networks (LNNs), known for their ability to adapt to dynamic inputs in real-time. 

These networks mimic biological neurons, processing temporal sequences 

more efficiently than conventional deep learning models. LNNs will be used for 

decision-making and control. Sensor fusion will be developed using Extended 

Kalman Filters (EKF) to combine data from LiDAR, vision, and IMU, creating a 

more accurate and holistic environmental model. Path planning algorithms such 

as Dynamic Window Approach (DWA) and Pure Pursuit will be implemented for 
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local navigation. The entire system will run on ROS (Robot Operating System) 

to ensure modularity and real-time communication between sensors and 

actuators. 

6. Dataset Preparation and Training 

For training and validation, datasets like KITTI will be used. Data preprocessing 

will involve normalization, noise reduction, and temporal alignment. Training of 

LNNs will use a mix of supervised learning for structured scenarios and 

reinforcement learning for real-world adaptability. 

7. Hardware Integration 

The physical setup will consist of a Jetson Xavier N, connected to a LiDAR 

module (RPLIDAR A1), camera, and MPU-9250 IMU. These sensors will feed 

data into the processing unit, which runs the LNN and sensor fusion models. 

The modular hardware design ensures easy upgrades and component 

replacement. 

8. Simulation and Real-world Testing 

Scenarios like lane following, obstacle avoidance, and traffic negotiation will be 

simulated before moving to physical road testing. Real-world validation will 

occur in controlled areas mimicking Indian road conditions, with iterative tuning 

based on performance metrics. 

9. Deployment and Dissemination 

Upon successful validation, the project will be documented thoroughly. All 

software, simulation models, and training datasets will be released via open-

source platforms like GitHub. 

Results & Conclusions:  

The development and testing of the Autonomous Driving Development Kit have yielded 

several noteworthy outcomes. The integration of Liquid Neural Networks into the 

perception and control pipeline demonstrated improved adaptability to unpredictable 

environments compared to traditional neural networks. Real-time learning capabilities 

allowed the model to adjust to dynamic road conditions like moving obstacles, 

unstructured lanes, and sudden changes in terrain  all of which are common on Indian 

roads. 
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Sensor fusion using LiDAR, IMU, and camera vision resulted in accurate 

environmental mapping, enabling reliable path planning even in partially occluded or 

visually noisy environments. The Dynamic Window Approach (DWA) effectively allows 

the model to perform obstacle avoidance in real-time, while maintaining smooth path 

continuity. 

In conclusion, the kit demonstrated its potential as a modular, affordable, and effective 

research tool. It bridges the technological gap between academic knowledge and real-

world application, positioning itself as a valuable contribution to smart mobility research 

in India. 

Project Outcome & Industry Relevance:  

The project resulted in a functional, modular, and scalable autonomous driving 

development kit tailored for Indian conditions. It delivers a low-cost yet high-

performance platform integrating advanced technologies such as LNNs, ROS, and 

real-time sensor fusion. 

From an academic perspective, the kit acts as a bridge between theory and practice, 

allowing students and researchers to explore cutting-edge topics like adaptive AI, real-

time control systems, and robotics. The modular nature makes it an excellent fit for 

curriculum integration in AI, embedded systems, and automation labs. 

Industrially, the kit serves as a prototype platform for R&D teams and startups working 

in the autonomous vehicle space. Its compatibility with Indian infrastructure challenges 

makes it uniquely suited for localized innovation. The project aligns with government 

initiatives like the Smart Cities Mission and Atmanirbhar Bharat, offering a pathway 

toward safer, smarter, and more efficient transportation systems. 

By releasing the system as open-source, the project further encourages community-

driven innovation and collaborative development. 

Working Model vs. Simulation/Study: 

The project includes both a physical working model and simulated environments for 

testing. A complete working prototype was developed using LiDAR, IMU, camera, and 

Jetson Xavier NX, integrated into a modular autonomous driving kit. Simulations were 

conducted to validate algorithms and train models under safe and repeatable 

conditions before transitioning to real-world environments. This dual approach ensured 
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robust validation, improved safety during development, and enabled iterative 

refinement of the LNN model, sensor fusion logic, and navigation algorithms. 

Project Outcomes and Learnings:  

1. This project delivers a validated autonomous driving platform specifically 

designed for Indian road conditions.  

2. The implementation of Liquid Neural Networks in an embedded system proves 

effective in real-time decision-making and environmental adaptation.  

3. We gained hands-on experience in multiple domains such as machine learning, 

robotics, real-time systems, embedded hardware, and system integration.  

4. We learned to work collaboratively on software-hardware co-design, tuning 

complex models, and iteratively testing in both virtual and physical setups.  

5. Interfacing sensors through ROS, tuning the Kalman filter, and optimizing path 

planning algorithms provided practical insights into system-level development. 

6. The project also offered valuable experience in research methodology, including 

data collection, performance evaluation, and scientific documentation. 

Additionally, the team practiced communication and project management skills 

through presentations, coordination with the guides and external experts, and 

contributions to open-source platforms.  

Overall, the project fostered an end-to-end understanding of building intelligent 

autonomous systems, from ideation to real-world testing. 

Future Scope: 

1. This project serves as a foundational platform with significant potential for future 

expansion and industrial application.  

2. The Liquid Neural Networks used in this project can be further trained with 

larger, more diverse datasets to improve generalization across weather 

conditions, road types, and traffic patterns. 

3. In terms of hardware, the current prototype can be upgraded to include 360° 

camera systems, radar sensors, and edge GPUs like NVIDIA Orin to enhance 

detection range and processing power.  
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4. The system could be extended to work with autonomous electric vehicles (EVs) 

for greener solutions. 

5. On the software side, integrating V2X communication (Vehicle-to-Everything) 

would enable cooperative driving, traffic data sharing, and cloud-based updates. 

Implementing end-to-end reinforcement learning, where the vehicle 

continuously improves its policy through interaction, can take real-time 

adaptability to the next level. 

6. For academic purposes, the kit could be developed into an educational package 

with structured coursework, lab manuals, and virtual training environments. 

Institutions could use it as a practical tool in robotics, AI, or mechatronics 

courses. 

7. Collaborations with OEMs and research institutions can accelerate 

commercialization. 

8. Finally, efforts can be made to patent novel modules and standardize the 

platform for national-level deployments making it a stepping stone toward 

scalable, Indian-context autonomous driving solutions. 


