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1. Introduction 

• Public buses are a key component of urban mobility but suffer from congestion, 

idling, and inefficient driving patterns. 

• These issues increase fuel consumption and emissions, affecting urban 

sustainability. 

• The project focuses on generating a representative bus driving cycle using real GPS 

data and AI-based optimization to analyze bus performance realistically. 

2. Problem Definition 

2.1. Problem Statement: 

• Raw bus GPS data is noisy, large, and difficult to analyze directly. 

• There is a lack of compact and realistic driving cycles that represent actual bus 

behavior. 

• This limits accurate analysis of fuel consumption, emissions, idling, and 

congestion in urban transport systems. 

2.2. Background Information: (literature review) 

• Driving cycles are widely used to evaluate vehicle performance and emissions. 

• Existing approaches include Markov Chain models, heuristic methods, and rule-

based cycle construction. 

• Recent studies highlight Swarm Intelligence techniques for modeling complex 

traffic behavior. 

• Limited work exists on hybrid swarm-based driving cycle generation using real 

Indian bus data. 

3. Objectives 

3.1. Primary Objectives:  

• Generate a realistic representative bus driving cycle from real GPS trajectory data. 

• Apply a hybrid MAX–MIN Ant System (MMAS) and Artificial Bee Colony (ABC) 

approach. 

• Analyze fuel usage, idling time, and emission patterns using the generated cycle. 

3.2. Secondary Objectives: 

• Compare real and representative driving cycles using visual and statistical 

metrics. 

• Study congestion and stop-go driving patterns affecting bus efficiency. 
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4. Methodology 

4.1 Approach:  

• The project adopts a data-driven and AI-based simulation approach to model real 

bus driving behaviour. 

• Real GPS trajectory data (latitude, longitude, timestamp) is used to extract 

features such as speed, idle time, and acceleration. 

• The process follows the Swarm Intelligence framework, combining: 

o MAX-MIN Ant System (MMAS) - for global exploration and selection of 

representative driving segments. 

o Artificial Bee Colony (ABC) - for local refinement and optimisation of the 

selected segments. 

• The final outcome is a Representative Bus Driving Cycle (RBDC) that summarises 

typical urban driving patterns, enabling analysis of fuel consumption, congestion, 

and emissions. 

4.2 Procedures:  

• Collect real bus GPS data (latitude, longitude, timestamp). 

• Compute speed and clean data by removing noise and spikes. 

• Segment trips into fixed time windows 

• Apply MMAS to select representative segments 

• Refine segments using ABC. 

• Analyze and compare results using graphs and metrics. 

5. Project Execution 

5.1 Planning and Design:  

• Brainstormed urban mobility challenges and reviewed relevant literature. 

• Finalized a software-based simulation approach for scalability. 

• Designed the data pipeline, optimization flow, and evaluation metrics. 

5.2 Implementation:  

• Implemented the project as a Python-based simulation prototype. 

• Processed real GPS datasets to generate speed profiles. 

• Developed MMAS-ABC hybrid algorithm for cycle generation. 

• Created visualizations and metric analysis modules. 

6. Tools and Techniques Used 

6.1 Tools:  
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• Python: Core programming language. 

• Pandas, NumPy: Data processing and numerical analysis. 

• Matplotlib: Visualization of driving cycles. 

• Geopy: Distance and speed computation from GPS data. 

6.2 Techniques: 

• GPS data preprocessing (noise filtering, smoothing, spike removal). 

• Swarm Intelligence techniques (MMAS and ABC). 

• Segment-based driving cycle construction 

• Statistical and visual comparison of real vs representative cycles. 

 

7. Partial Results 

7.1 Initial Findings:  

•  

•  

•  

•  
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•  

• Raw GPS data showed high noise, unrealistic speed spikes, and irregular stop–go 

patterns, making direct analysis unreliable. 

• Initial representative cycles were overly aggressive and repetitive, highlighting the need 

for better segment selection and smoothing. 

7.2 Iterative Improvements:  

• Introduced noise filtering, speed clipping, and smoothing to improve data realism 

• Refined MMAS-ABC segment selection using statistical similarity metrics to better 

match real driving behavior. 

 

8. Results and Discussion 

8.1 Final Results:  

• A representative bus driving cycle was successfully generated using the hybrid MMAS-

ABC approach. 

• The generated cycle closely follows the statistical characteristics of the real bus data, 

including average speed, idle time, and stop frequency. 

• Comparative analysis showed similar trends between real and representative cycles 

for fuel consumption and CO₂ emission estimates. 

• Visualization results (speed-time plots) confirmed that the representative cycle 

captures realistic stop–go and cruising behavior. 

8.2 Discussion:  

• The project objectives were successfully achieved by creating a realistic and compact 

driving cycle from noisy GPS data. 

• The representative cycle reduces data complexity while preserving essential driving 

behavior, making it suitable for simulation and analysis. 

• The findings highlight the impact of congestion and idling on fuel usage and emissions 

in urban bus operations. 
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• Minor deviations and pattern repetitions were observed, which are expected in 

segment-based modeling and do not affect overall analytical usefulness. 

9. Prototype (Hardware/Software) 

9.1 Prototype Description:  

• A Python-based simulation prototype was developed to generate representative bus 

driving cycles. 

• The prototype processes GPS data, applies MMAS-ABC optimization, and outputs 

driving cycles and performance metrics. 

• Features include data preprocessing, visualization, and fuel/emission estimation. 

9.2 Development Process: 

• The prototype was developed incrementally, starting with data preprocessing and 

visualization. 

• MMAS and ABC algorithms were implemented and integrated into a single workflow. 

• Challenges included handling noisy GPS data and unrealistic speed spikes, which 

were resolved through filtering and smoothing techniques. 

9.3 Testing and Validation:  

• The prototype was tested using real bus GPS datasets and self-collected GPS data. 

• Validation was performed by comparing real and representative cycles using statistical 

metrics and plots. 

• Results confirmed that the representative cycle preserves key driving characteristics 

of the real trip. 

10. Conclusion 

10.1 Summary:  

• The project addressed the challenge of analyzing noisy bus GPS data by generating a 

representative driving cycle. 

• A hybrid MMAS-ABC approach was successfully implemented to model real driving 

behavior. 

• The results support effective analysis of fuel consumption, emissions, and congestion 

in urban bus transport. 

10.2 Personal Reflection: 

• The project improved understanding of real-world data processing, optimization 

algorithms, and urban transport challenges. 
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• It provided hands-on experience with AI-inspired models and simulation-based 

analysis. 

• The work enhanced problem-solving, teamwork, and research skills relevant to 

engineering practice. 

11. Visuals:  

• BMTC ROUTE 401-A 
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• BMTC ROUTE 226-N 
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12. Outcome of the work:  

 

Optimized Simulation: Successfully generated smoothed driving cycles using the Hybrid MMAS-

ABC algorithm, achieving 1.98% – 5.09% fuel efficiency gains. 

 

Emission Reduction: Quantified route-specific carbon footprints, demonstrating a CO₂ reduction 

of ~2% – 5% (up to 16.97 kg saved per trip). 

 

Congestion Mapping: Identified and visualized critical "Hotspots" where traffic speeds consistently 

drop below 20 km/h. 

 

System Validation: Validated the model against real-world data with low RMSE scores (5.31 – 

8.72), ensuring the cycles are physically drivable. 

 

Project Website: Developed and deployed an interactive website to visualize the methodology, track 

progress, and showcase key findings. 

 

Research paper currently in preparation for submission to peer-reviewed journals. 
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