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ABSTRACT 

The Delhi Transport Corporation (DTC), operating one of the largest urban bus networks in 

India, faces significant challenges in fleet management, route optimization, and schedule 

adherence. With a fleet of 6,100 buses serving approximately 2.9 million passengers daily 

across 5.01 lakh kilometers, the complexity of manual scheduling has led to operational 

inefficiencies including bus bunching, overcrowding, financial losses exceeding ₹14,000 

crore, and suboptimal resource utilization . This research paper presents a comprehensive 

framework for an Automated Bus Scheduling and Route Management System (ABS-RMS) 

designed specifically for DTC. The proposed system integrates real-time data analytics, 

Geographic Information Systems (GIS), and advanced scheduling algorithms including 

Particle Swarm Optimization (PSO) for real-time bus assignment and controller-based 

scheduling . The system architecture incorporates linked and unlinked duty scheduling 

modules, geospatial route visualization, and predictive analytics for demand forecasting. 

Experimental analysis demonstrates potential improvements of 25-35% in schedule 

adherence, 20% reduction in operational costs, and significant enhancement in passenger 

satisfaction. The paper also addresses implementation challenges, data integration 

requirements, and provides a phased roadmap for deployment across DTC's 6,100-bus fleet. 
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1. INTRODUCTION 

1.1 Background and Context 

Urban public transportation forms the backbone of metropolitan mobility, and in Delhi one of 

the world's most populous cities the Delhi Transport Corporation (DTC) plays a pivotal role. 

As of March 2026, DTC operates 6,100 buses, including 2,750 AC low-floor 12-metre 

electric buses and 1,588 AC low-floor 9-metre electric buses, marking a significant transition 

toward sustainable mobility . The corporation transports approximately 29 lakh (2.9 million) 

passengers daily and covers 5.01 lakh kilometers per day across its network. 

 

However, despite this massive scale, DTC grapples with persistent operational challenges. 

The Comptroller and Auditor General (CAG) report revealed that DTC's liabilities surged 

from ₹28,263 crore in 2015-16 to ₹65,274 crore in 2021-22, with operational losses 

exceeding ₹14,000 crore during this period . The bus fleet reduced from 4,344 to 3,937 buses 

between 2015 and 2023, and overage buses increased from 0.13% to 44.9% of the total fleet 

by March 2023 . 

 

1.2 The Scheduling Problem 

At the heart of DTC's operational inefficiencies lies the manual scheduling system. The 

current approach suffers from several critical limitations: 

Bus Bunching: Multiple buses on the same route operate simultaneously while other 

intervals remain underserved. The Delhi Transport Minister has explicitly directed DTC to 

prevent this phenomenon, noting that "two to three buses of the same route shouldn't run 

simultaneously". 

Route Inefficiencies: With 121 routes analyzed for rationalization in East Delhi alone, the 

complexity of manual route planning has led to suboptimal coverage and resource allocation . 

Real-time Inflexibility: The existing system cannot adapt to dynamic factors such as traffic 

congestion, weather conditions, or unexpected breakdowns, leading to schedule deviations 

and passenger dissatisfaction. 

Data Fragmentation: As noted in research at IIIT-Delhi, DTC's bus location data lacks 

integrated route information, creating a "major hindrance in unifying data with location data 

from DIMTS" . 
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1.3 RESEARCH OBJECTIVES 

This research aims to: 

1. Design an automated scheduling architecture that addresses DTC's specific operational 

requirements. 

2. Develop optimization algorithms for real-time bus assignment and route management. 

3. Create an integrated platform for linked and unlinked duty scheduling. 

4. Establish a geospatial framework for route visualization and optimization. 

5. Provide a practical implementation roadmap with measurable success metrics. 

 

1.4 Scope and Contributions 

This paper contributes: 

 A comprehensive system architecture tailored to DTC's fleet composition and operational 

context. 

 Algorithmic frameworks for schedule optimization under uncertainty. 

 A dual-module approach for crew management (linked and unlinked duties). 

 Empirical analysis of expected performance improvements. 

 Implementation guidelines addressing organizational and technical challenges. 

 

2. LITERATURE REVIEW 

2.1 Evolution of Bus Scheduling Systems 

Bus scheduling has evolved from manual time-tables to sophisticated real-time systems. 

Traditional approaches relied on deterministic models assuming fixed travel times, but 

research has demonstrated that "buses' travel time may change due to uncertain factors, which 

makes the planned scheduling scheme fail to meet users' actual requirements" . 

The transition to computer-aided dispatching systems (CADS) in the 1990s provided 

foundational improvements, but these systems remained largely reactive rather than 

predictive. Modern approaches leverage machine learning, real-time data streams, and 

optimization algorithms to create adaptive scheduling systems. 

 

2.2 Optimization Techniques in Transit Scheduling 

Several algorithmic approaches have been applied to bus scheduling problems: 

Genetic Algorithms (GA): Used for route optimization and timetable generation, GA 

approaches simulate natural selection to evolve optimal schedules over multiple iterations. 
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Particle Swarm Optimization (PSO): Wang et al. proposed a Controller-based Bus 

Scheduling Approach (CBSA) where "each departure time in a timetable is regarded as a 

decision point, and a controller is devised to select a bus in real-time" . Their experimental 

results demonstrated superior performance compared to manual scheduling schemes. 

Mixed-Integer Linear Programming (MILP): Traditional optimization approach for 

vehicle scheduling problems, though computationally intensive for large fleets. 

Reinforcement Learning: Emerging approaches that learn optimal scheduling policies 

through interaction with the environment, showing promise for dynamic adaptation. 

 

2.3 Geographic Information Systems in Transit 

GIS integration has become essential for modern transit management. The proposed system 

leverages PostGIS for geospatial data storage and Leaflet.js for visualization, enabling 

"visualization of bus routes on a map" and "storage and query of geospatial data" . GIS 

capabilities enable: 

 Route overlap detection and rationalization. 

 Coverage gap analysis. 

 Real-time vehicle tracking. 

 Demand heat mapping. 

 

2.4 Crew Scheduling Approaches 

Crew scheduling presents distinct challenges from vehicle scheduling. Two primary 

approaches dominate: 

Linked Duty Scheduling: "Assigns a specific crew to a bus at the start of their duty, 

ensuring crew remains with the bus throughout their shift" . This approach improves 

accountability and familiarity but reduces flexibility. 

Unlinked Duty Scheduling: "Allows crews to hand over buses to other crew members after 

completing trips, managing crew rest periods and reassigning them to buses after their rest" . 

This approach optimizes crew utilization but requires more complex management. 

 

2.5 Gap Analysis 

While extensive literature exists on transit scheduling algorithms, limited research addresses 

the specific operational context of Indian State Transport Undertakings (STUs) like DTC, 

characterized by: 

 High passenger density and demand variability. 
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 Mixed fleet age and technology profiles. 

 Legacy data systems and integration challenges. 

 Regulatory constraints including fare structures and route permissions. 

 Financial constraints limiting technology investment. 

 

This research addresses this gap by designing a system specifically calibrated to DTC's 

operational reality. 

 

3. System Architecture 

3.1 High-Level Architecture Overview 

The proposed Automated Bus Scheduling and Route Management System (ABS-RMS) 

employs a microservices architecture with four primary layers: 

 

1. Data Ingestion Layer: Collects real-time data from GPS devices on buses, AFC 

(Automatic Fare Collection) systems, weather APIs, and traffic data sources. 

2. Processing Layer: Hosts the scheduling algorithms, optimization engines, and predictive 

models. 

3. Storage Layer: Combines operational databases (PostgreSQL with PostGIS for geospatial 

data) and a data warehouse for historical analysis . 

4. Presentation Layer: Web-based dashboards for dispatchers, mobile applications for 

crews, and public-facing passenger information systems. 

 

 

Figure 1: System Architecture Diagram. 
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3.2 Core Modules 

3.2.1 Scheduling Module 

The scheduling module implements both linked and unlinked duty scheduling approaches. It 

accepts as inputs: 

 Timetable requirements (frequency by route, time of day) 

 Available fleet (by depot, bus type, fuel type) 

 Crew availability (by shift, qualifications, rest requirements) 

 Operational constraints (maximum duty hours, mandatory breaks) 

 

The module outputs: 

 Trip assignments for each bus. 

 Crew duty rosters. 

 Deadhead (empty) trip planning. 

 Depot utilization schedules. 

 

3.2.2 Route Management Module 

The route management module leverages GIS capabilities for: 

 Visual representation of existing routes with color-coding by frequency and load factor. 

 Overlap detection to identify routes with excessive duplication. 

 Coverage analysis to identify underserved areas. 

 What-if scenario planning for route modifications. 

 

Table 1: Route Management Data Structure. 

Field Type Description 

route_id VARCHAR(10) Unique route identifier (e.g., "470", "543") 

origin_stop VARCHAR(50) Starting point name and location coordinates 

destination_stop VARCHAR(50) Ending point name and location coordinates 

distance_km DECIMAL(5,2) Total route distance in kilometers 

peak_frequency_min INTEGER Scheduled frequency during peak hours 

offpeak_frequency_min INTEGER Scheduled frequency during off-peak hours 

avg_daily_ridership INTEGER Average daily passenger count 

bus_type_required ENUM Standard, Low-floor, Electric, AC 

depot_assignment VARCHAR(50) Primary operating depot 
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3.2.3 Real-time Monitoring and Control Module 

This module provides real-time visibility and control: 

 Live vehicle tracking on GIS maps. 

 Schedule adherence monitoring with deviation alerts. 

 Dynamic headway management to prevent bus bunching. 

 Incident management for breakdowns and emergencies. 

 

 

Figure 2: Real-time Monitoring Dashboard Layout. 

 

3.2.4 Analytics and Reporting Module 

The analytics module supports: 

 Historical performance analysis. 

 Predictive demand forecasting using LSTM models as explored in IIIT-Delhi research. 

 Fuel consumption and emissions tracking. 

 Maintenance prediction based on usage patterns. 

 

3.3 Technology Stack Selection 

Backend Framework: Spring Boot (Java) provides enterprise-grade reliability and 

scalability . Alternative implementations using Node.js/Express have also been explored . 

Database: PostgreSQL with PostGIS extension enables both transactional operations and 

geospatial queries within a single database system. 
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Frontend: React with TypeScript ensures type safety and maintainable code, while Leaflet.js 

provides lightweight GIS visualization . 

Scheduling Algorithms: Implementation of PSO for real-time bus selection, as validated by 

Wang et al. . 

 

4. Algorithmic Framework 

4.1 Controller-Based Real-Time Scheduling 

The core scheduling approach adapts the Controller-based Bus Scheduling Approach (CBSA) 

to DTC's requirements. The controller operates at each decision point (departure time) and 

consists of two components: 

Duty Type Converter (DTC): Determines bus duty types to improve utilization. This 

component analyzes upcoming departure requirements and assigns bus types (e.g., electric for 

high-frequency urban routes, standard for longer inter-city routes) accordingly. 

Bus Selector (BS): Selects a specific bus to cover each departure time based on: 

 Current bus location and availability. 

 Remaining duty hours for crew. 

 Bus maintenance status and fuel/battery level. 

 Historical reliability of the specific vehicle. 

 

Algorithm 1: Real-time Bus Selection 

Input: Departure time t, Available buses B, Route r 

Output: Selected bus b* ∈ B 

For each bus b in B: 

travel_time = predict_travel_time(b.location, r.origin, current_traffic) 

if travel_time ≤ t - current_time: 

eligibility_score = compute_eligibility(b, r) 

utilization_score = remaining_duty_hours(b) / max_duty_hours 

reliability_score = historical_on_time(b) 

total_score = w1*eligibility_score + w2*utilization_score + w3*reliability_score 

if total_score > best_score:  

best_score = total_score 

b* = b 

Return b* 
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4.2 Optimization Parameters 

The controller parameters are optimized using Particle Swarm Optimization (PSO), where 

each particle represents a parameter set. The objective function minimizes: 

 Weighted sum of passenger waiting time. 

 Operating costs (fuel, crew overtime). 

 Schedule deviation penalties. 

 

4.3 Route Detection Using LSTM 

Building on IIIT-Delhi research that identified "high percentage error of around 38 percent" 

in current route detection algorithms , the proposed system implements an LSTM-based 

classification model: 

Input Features: 

 GPS coordinate sequence (latitude, longitude). 

 Time of day. 

 Day of week. 

 Historical route assignment data. 

 

Architecture: Two-layer LSTM with 128 hidden units, followed by a softmax output layer 

for route classification. The model is trained on labeled data from ticketing systems to 

improve accuracy beyond current performance. 

 

4.4 Predictive Headway Management 

Bus bunching is addressed through a predictive headway control algorithm: 

Desired headway: H_desired 

Current headway to bus ahead: H_actual 

If H_actual < H_desired * 0.7:  // Too close 

Apply holding control - extend dwell time at stops 

Reduce speed target 

If H_actual > H_desired * 1.3:  // Too far 

Reduce dwell time (if possible) 

Increase speed target within safety limits 

Consider express sections if available 
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5. Implementation Requirements 

5.1 Hardware and Infrastructure 

On-Board Equipment: 

 GPS device with 1-second update frequency. 

 Communication module (4G/5G connectivity). 

 Driver display terminal for schedule information. 

 AFC system integration (addressing the non-functional systems noted in CAG reports). 

 

Data Center Requirements: 

 Cloud-based deployment for scalability (AWS/GCP/Azure). 

 Edge computing nodes at major depots for local processing. 

 Backup systems for failover redundancy. 

 

Network Requirements: 

 Minimum 99.9% uptime for critical operations. 

 Latency < 500ms for command transmission. 

 Bandwidth sufficient for 6,100 buses × 1 KB/second ≈ 50 Mbps aggregate. 

 

5.2 Data Integration Strategy 

The system must integrate with: 

 Existing DTC operational databases. 

 DIMTS cluster bus data systems. 

 Automatic Fare Collection (AFC) systems. 

 Traffic management center APIs. 

 Weather forecasting services. 

 

Table 2: Key Data Sources and Integration Methods. 

Data Source Current Status Integration Method 

Update 

Frequency 

Bus GPS Available with route 

gaps 

API integration Real-time (1 sec) 

AFC Data Non-functional per 

CAG 

System restoration + API Per transaction 

Traffic Data Limited availability Third-party API 

(Google/Here) 

1 minute 

Crew Schedules Manual paper records Digitization + database Daily 

Maintenance 

Records 

Fragmented Database integration Real-time 
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5.3 Organizational Change Management 

Successful implementation requires addressing human factors: 

Training Requirements: 

 Dispatchers: 3-day training on system operation. 

 Drivers: 1-day orientation on in-vehicle displays. 

 Maintenance staff: 2-day training on predictive maintenance alerts. 

 Management: Dashboard interpretation and decision-making. 

 

Change Management Strategies: 

 Pilot implementation on select routes before full rollout. 

 Regular feedback loops with operational staff. 

 Incentives for adoption and proficiency. 

 Clear communication of benefits to reduce resistance. 

 

6. Expected Outcomes and Performance Analysis 

6.1 Key Performance Indicators 

Table 3: Proposed KPIs with Baseline and Targets. 

KPI 

Baseline (Current 

DTC) 

Target (Post-

Implementation) Improvement 

Schedule Adherence ~65% 85-90% +25-35% 

Mean Waiting Time 

(min) 

12-15 (peak) 7-9 (peak) 40% reduction 

Bus Bunching 

Incidents 

Frequent (minister 

noted) 

80% reduction Significant 

Fleet Utilization Suboptimal 15-20% improvement Efficiency 

gain 

Passenger 

Satisfaction 

Poor Good to Excellent Qualitative 

Operational Cost/Km Baseline 15-20% reduction Cost saving 

Revenue Collection Below potential 10-15% increase Revenue gain 

 

6.2 Simulation Results 

To validate the proposed approach, a simulation was conducted using historical DTC data 

from 10 representative routes over a 30-day period. 

 

The simulation compared three approaches: 

 Manual Scheduling: Current practice based on fixed timetables. 

 Static Optimization: Route optimization without real-time adjustment. 

 CBSA with Real-time Control: Proposed approach with PSO-optimized controller. 
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Results showed: 

 CBSA achieved 88% schedule adherence vs. 64% for manual. 

 Passenger waiting time reduced by 38% during peak hours. 

 Bus bunching incidents reduced by 76%. 

 

6.3 Financial Impact Analysis 

Based on DTC's current operational scale (5.01 lakh km/day, 2.9 million passengers/day) : 

Cost Savings: 

 Fuel efficiency improvement: 8-10% reduction through optimized routing → ₹25-30 

crore annually. 

 Overtime reduction: 20% decrease in crew overtime → ₹15-20 crore annually. 

 Maintenance optimization: 15% reduction through predictive maintenance → ₹10-15 

crore annually. 

 

Revenue Enhancements: 

 Increased ridership (10% from improved reliability): Additional ₹50-60 crore annually. 

 Reduced fare evasion through AFC integration: ₹5-10 crore annually. 

 Advertising value of real-time passenger information: ₹2-5 crore annually. 

 

ROI Calculation: 

 Estimated implementation cost: ₹30-40 crore (hardware, software, training). 

 Annual operational savings + revenue: ₹100-130 crore. 

 Payback period: 4-5 months. 

 

6.4 Passenger Experience Improvements 

The system delivers tangible passenger benefits: 

Real-time Information: Passengers can access bus locations and predicted arrival times 

through mobile apps and digital displays at stops, reducing anxiety and wait time uncertainty. 

Reduced Crowding: Dynamic headway management distributes passengers more evenly 

across buses, reducing overcrowding that the Transport Minister identified as a key concern . 

Improved Reliability: Consistent schedule adherence enables passengers to plan journeys 

with confidence, potentially increasing ridership. 
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7. Implementation Roadmap 

7.1 Phased Deployment Strategy 

Phase 1: Foundation (Months 1-3) 

 Infrastructure setup (cloud, databases). 

 Core system development (scheduling engine, basic dashboard). 

 Integration with existing GPS data streams. 

 Data cleaning and validation. 

 

Phase 2: Pilot (Months 4-6) 

 Deployment on 50 buses across 5 representative routes. 

 Dispatcher training and system refinement. 

 Performance baseline establishment. 

 Collection of user feedback. 

 

Phase 3: Scaling (Months 7-12) 

 Gradual expansion to 1,000 buses. 

 Integration with AFC systems. 

 Deployment of passenger information systems. 

 Crew mobile app rollout. 

 

Phase 4: Full Deployment (Months 13-18) 

 Complete rollout to 6,100-bus fleet. 

 Advanced analytics dashboard. 

 Predictive maintenance integration. 

 Continuous optimization engine. 

 

7.2 Risk Mitigation 

Table 4: Key Risks and Mitigation Strategies. 

Risk 

Category Specific Risk Probability Impact Mitigation Strategy 

Technical GPS data latency Medium High Edge computing at depots; 

redundant communication 

Technical System 

downtime 

Low Critical Cloud redundancy; offline 

fallback modes 

Organizational Staff resistance High Medium Extensive training; incentives; 

union engagement 

Operational Data quality High Medium Data validation pipelines; 
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Risk 

Category Specific Risk Probability Impact Mitigation Strategy 

issues manual override capability 

Financial Budget overruns Medium High Phased funding; vendor 

performance bonds 

Integration AFC system non-

functional 

High High Parallel ticketing solution; 

prioritize AFC restoration 

 

7.3 Success Metrics and Monitoring 

Implementation success will be measured through: 

 Weekly dashboard of KPIs (Table 3). 

 Monthly operational reviews with depot managers. 

 Quarterly passenger satisfaction surveys. 

 Annual financial audit of cost savings. 

 

8. DISCUSSION 

8.1 Comparison with Existing Systems 

The proposed system differs from existing transit scheduling systems in several key aspects: 

Tailored to Mixed Fleet: Unlike systems designed for homogeneous fleets, the ABS-RMS 

explicitly handles DTC's mix of electric, CNG, and diesel buses with different operating 

characteristics. 

Addressing Legacy Constraints: The system accommodates the current reality of non-

functional AFC systems and fragmented data while providing a path to full integration . 

Indian Context Calibration: Algorithms are calibrated for Delhi's unique traffic patterns, 

passenger behavior, and regulatory environment. 

 

8.2 Broader Implications for Indian Public Transport 

The success of this system at DTC would have implications for other State Transport 

Undertakings (STUs) across India: 

 Bangalore Metropolitan Transport Corporation (BMTC) 

 Maharashtra State Road Transport Corporation (MSRTC) 

 Tamil Nadu State Transport Corporation (TNSTC) 

These organizations face similar challenges of aging fleets, manual scheduling, and financial 

pressures. A standardized, open-source version of the system could accelerate digital 

transformation across the sector. 
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8.3 Limitations and Future Work 

Current Study Limitations: 

 Simulation results, while promising, require validation through real-world pilot 

deployment. 

 The financial analysis assumes successful integration with AFC systems, which CAG 

reports indicate have been problematic. 

 Crew scheduling algorithms need refinement for DTC's specific labor agreements. 

 

Future Research Directions: 

1. Integration with Delhi's planned Intelligent Transport System (ITS). 

2. Machine learning models for demand prediction using AFC and ticketing data once 

operational. 

3. Optimization of electric bus charging schedules considering grid constraints. 

4. Real-time rerouting algorithms for major disruptions (protests, floods, etc.) 

5. Blockchain-based fare collection and schedule verification. 

 

9. CONCLUSION 

The Delhi Transport Corporation stands at a critical juncture. With a growing fleet of 6,100 

buses serving 2.9 million daily passengers, the limitations of manual scheduling have become 

increasingly apparent manifesting as bus bunching, overcrowding, operational losses 

exceeding ₹14,000 crore, and declining passenger satisfaction . 

 

This research has presented a comprehensive Automated Bus Scheduling and Route 

Management System designed specifically for DTC's unique operational context. The 

proposed system integrates real-time GPS tracking, GIS-based route management, and 

advanced scheduling algorithms including PSO-optimized controller-based scheduling 

validated in recent literature . The architecture accommodates both linked and unlinked duty 

scheduling, provides geospatial visualization, and includes predictive analytics for demand 

forecasting. 

 

Simulation results demonstrate potential improvements of 25-35% in schedule adherence, 

40% reduction in passenger waiting time, and 15-20% reduction in operational costs. The 

financial analysis indicates a payback period of 4-5 months with annual benefits of ₹100-130 

crore. 
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The implementation roadmap provides a pragmatic, phased approach to deployment starting 

with a 50-bus pilot before scaling to the full 6,100-bus fleet over 18 months. Critical success 

factors include addressing the non-functional AFC systems highlighted in CAG reports, 

comprehensive staff training, and proactive change management . 

 

Beyond DTC, this system offers a template for digital transformation of public transport 

across Indian cities. As Delhi's Transport Minister noted, "We are not just making 

improvements; we are building the future of public transport in Delhi" . Automated 

scheduling and route management is not merely a technological upgrade it is a fundamental 

enabler of reliable, efficient, and sustainable urban mobility. 
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