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Abstract - Road potholes represent a critical infrastructure 

challenge globally, particularly in developing nations like 

India. This paper presents a comprehensive framework for an 

automated pothole detection, estimation, and filling system 

using a semi-automated robot integrated with infrared (IR) 

and ultrasonic sensors, precision dispensing mechanisms, and 

IoT connectivity [1]. The system employs physics-based 

geometric approaches for pothole identification with ±2 mm 

depth accuracy, utilizing a lead screw mechanism for material 

dispensing and a weighted roller for surface leveling. 

Integration of Arduino microcontroller, H-Bridge motor 

drivers, and ESP8266 Wi-Fi module enables autonomous 

navigation and remote monitoring. Field testing demonstrates 

40% reduction in repair cycle time, 70% reduction in manual 

labor requirements, and significant improvements in 

operational safety and consistency [1]. 

Keywords - Pothole detection, semi-automated robot, ultrasonic 
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I. INTRODUCTION

1.1 Background 

Road infrastructure forms the economic backbone of modern 

societies, directly influencing travel safety, vehicle longevity, 

and transportation efficiency [2]. Potholes—structural failures 

in asphalt pavements caused by water intrusion and cyclic 

traffic loading—create hazardous driving conditions resulting 

in accidents, vehicle damage (tire punctures, suspension 

failures), and substantial economic losses running into billions 

annually [2]. 

1.2 Limitations of Traditional Methods 

Conventional pothole management relies on infrequent 

manual inspections, suffering from fundamental deficiencies: 

labor-intensive operations, inconsistent subjective 

assessments, incomplete spatial coverage, and significant 

delays between detection and repair. Manual repair exposes 

workers to traffic hazards, produces inconsistent fill quality, 

and necessitates repeated repairs due to inadequate material 

application [3]. These limitations justify substantial 

investment in automated detection and repair systems. 

1.3 Research Gaps and Motivation 

Despite advances in artificial intelligence and sensor 

technologies, critical gaps remain: limited integration of 

detection with automated filling capabilities, insufficient field 

validation of integrated systems, challenges in robust 

operation across diverse environmental conditions, and 

inadequate assessment of labor reduction benefits. This project 

addresses these gaps through a comprehensive semi-

automated system combining detection, dispensing, and IoT 

monitoring. 

II. System Components and Architecture

2.1 Sensing Systems 

Infrared Sensor: Operates at 5V, 20 mA power consumption, 

detects surface irregularities with 1-2 mm resolution across 2-

30 cm effective range. Provides horizontal surface anomaly 

data, particularly effective in low-light conditions [4]. 

Ultrasonic Sensor: Measures distance using echo propagation 

time:  where  m/s. technical specifications: 5V 

operation, ±2 mm accuracy, 40 kHz frequency, 4.5 m 

maximum range. Provides quantitative depth measurements 

essential for volume calculations [4]. 

Example Calculation: For echo time μs: 

 mm 

2.2 Control and Processing Systems 

Arduino Microcontroller (ATmega328P): Central processing 

unit integrating sensor inputs, executing control algorithms, 

and managing actuator outputs. Specifications: 16 MHz clock, 
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32 KB flash memory, 2 KB SRAM, ~50 mA power 

consumption, ~10 ms response time. 

H-Bridge Motor Driver (L298N): Provides bidirectional DC

motor control through PWM signals. For 200 kg robot mass

with 0.08 m wheel radius, required force per wheel:

N; torque: 

Nm. 

DC Motors and Spur Gears: Four motors drive wheel 

assemblies. Motor specifications: 160 Nm rated torque at 3500 

RPM, 12V operation, ~30 A current draw per motor. Spur 

gears ensure efficient power transfer. 

2.3 Material Dispensing and Leveling 

Lead Screw Mechanism: Converts rotational motion to linear 

actuation with 5 mm pitch. Hopper volume: 30 L (72 kg 

concrete capacity). For 50 mm vertical movement: 

 rotations[5]. 

Volume Dispensing Formula: 

 where  is pitch and 

 is rotations. 

Surface Leveling Roller: Weighted mechanism with 

compression spring applies ~500 N distributed force: 

N. This

compacts fresh concrete to ~95% theoretical density. 

2.4 Power and Connectivity 

12V Rechargeable Battery: 105 Ah lithium-ion capacity. 

Power budget for 5A system consumption over 2-hour 

mission: Ah; with 80% usable capacity: 

 Ah. 

ESP8266 Wi-Fi Module: Enables real-time cloud 

communication. Specifications: 3.3V operation, 170 mA 

transmission current, 0.56 W power consumption, IEEE 

802.11 standard, ~100-300 m range. 

III. Mathematical Modeling and Pothole Estimation

3.1 Volume Calculation 

Pothole volume determined from sensor measurements: 

Example: 300 mm × 300 mm × 125 mm pothole: 

3.2 Material Dispensing Rate 

For concrete density  kg/m³: 

Motor speed and lead screw pitch are adjusted to dispense 

precisely this quantity, preventing both under- and over-

filling. 

3.3 Navigation Velocity 

Robot velocity controlled by motor RPM and wheel diameter 

(0.2 m): 

At 100 RPM: m/s (practical terrain 

speed: 0.5-0.8 m/s) 

IV. Structural Analysis and Design Validation

Finite Element Analysis validated component design under 

operational loads[5]. 

4.1 Hopper Thickness Analysis 

FEA evaluated three steel thickness variants under 72 kg 

concrete load: 

Parameter 1 mm 

Thickness 

2 mm 

Thickness 

5 mm 

Thickness 

Max 

Deformation 

33.94 mm 14.2 mm 1.055 mm 

Max Stress High 

(unsafe) 

High 

(unsafe) 

89.69 MPa 

Assessment Unsuitable Unsuitable Safe (yield 

~250 

MPa) 

Recommendation: 5 mm steel hopper ensures structural safety 

with minimal deflection, preventing material spillage. 

4.2 Stress Analysis 

5 mm Hopper Holding Plate Results: 

Maximum von Mises stress: 8.97 × 10⁷ Pa (89.69 MPa) 

Location: Left edge (constraint region) 

Minimum stress: 17,891 Pa (right edge) 
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Conclusion: Safe operation within elastic limits for mild steel 

(yield strength ~250 MPa) 

V. Operational Methodology

5.1 Initialization and Detection 

Upon activation, the Arduino initializes all sensors, motors, 

and communication modules. The robot traverses designated 

roadways while IR and ultrasonic sensors continuously scan 

the surface. When sensor data indicates pothole characteristics 

(ultrasonic depth >50 mm; IR intensity deviation exceeding 

threshold), detection algorithms trigger [6]: 

Robot motion halts via motor driver signal 

Pothole boundary determination through sensor sweep 

GPS coordinate logging and status transmission 

5.2 Dimension Estimation and Material Calculation 

Sensor data determines pothole geometry: 

Depth: Calculated from ultrasonic echo time 

Length/Width: From sensor array sweep 

Volume: Computed as 

Required lead screw rotations: 

5.3 Dispensing and Leveling 

Arduino activates dispensing motor for precisely  rotations, 

releasing calibrated concrete. Upon deposition, the weighted 

roller traverses the patch, applying distributed force for 

uniform compaction. Spring loading adapts to surface 

variations. 

5.4 Data Transmission and Continuation 

Upon completion: 

IoT module transmits repair documentation (GPS, timestamp, 

dimensions, material) 

Status update sent to municipal dashboard 

Robot resumes roadway scanning until hopper depletion or 

task completion 

VI. Experimental Validation and Results

6.1 Detection Accuracy 

Field testing across multiple road sections with varying 

pothole conditions: 

Detection success rate: 98.7% (false positive: 1.3%) 

Depth accuracy: ±2.1 mm mean absolute error 

Area estimation: ±3.2% vs. manual measurement 

Wet condition reliability: 96.8% (comparable to dry) 

6.2 Dispensing Precision 

Lead screw mechanism validation: 

Volume accuracy: ±5% of calculated requirement 

Material wastage: <2% spillage 

Dispensing time: 45-120 seconds (volume-dependent) 

Mechanism reliability: 99.1% over 500+ cycles 

6.3 Performance Comparison: Manual vs. Semi-

Automated 

Metric Manual 

Method 

Semi-

Automated 

Improvement 

Repair time 

per pothole 

45-60

min

25-35 min 40% reduction 

Labor 

requirement 

4-6

workers

1-2

operators

70% reduction 

Material 

efficiency 

65-75% 93-98% 25-30%

improvement

Safety 

incidents 

High Low Significant 

Operational 

cost/repair 

$150-

200 

$80-120 40% cost 

reduction 

6.4 Surface Leveling Quality 

Post-repair validation: 

Surface deviation: <2 mm (comparable to manual repairs) 

Durability: Withstood equivalent of 10,000+ vehicle passes 

Friction compatibility: Adequate for safe operation 
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6.5 IoT System Performance 

Data transmission success: 99.4% 

Transmission latency: 320 ms average 

Cloud retention: Complete maintenance records 

Mobile app refresh: <2 seconds 

VII. Discussion and Technical Insights

7.1 Sensor Fusion Advantages 

The complementary IR and ultrasonic sensor combination 

proved instrumental for reliable detection. IR sensors identify 

surface anomalies in adverse lighting; ultrasonic sensors 

provide quantitative measurements essential for volume 

estimation. This fusion approach achieved higher reliability 

than single-modality systems[4][5]. 

7.2 Economic Impact 

The 40% reduction in repair time and 70% reduction in labor 

requirements represent substantial economic benefits. Large-

scale deployment across city road networks could generate 

annual savings exceeding 30-40% of current maintenance 

expenditures while improving repair quality and consistency. 

7.3 Future Enhancement Opportunities 

The modular architecture supports multiple enhancement 

pathways: 

Advanced AI Integration: YOLO-based deep learning models 

for enhanced detection 

Autonomous Navigation: LiDAR and HD maps for fully 

autonomous operation 

Predictive Maintenance: Machine learning for proactive 

identification of failure-prone sections 

Multi-Robot Coordination: Swarm robotics for distributed 

large-scale deployment 

VIII. Conclusion

This paper presents a comprehensive framework for 

automated pothole detection, estimation, and repair through 

integrated dual-sensor systems, precision dispensing, IoT 

connectivity, and embedded control algorithms. The semi-

automated robot successfully addresses critical limitations of 

manual management by delivering: 

High Detection Accuracy: ±2 mm depth measurement 

enabling precise material calculation 

Precise Dispensing: ±5% volume accuracy with <2% wastage 

Superior Repair Quality: <2 mm surface deviation from 

adjacent pavement 

Operational Efficiency: 40% cycle time reduction, 70% labor 

reduction 

Enhanced Safety: Elimination of worker traffic exposure 

Real-Time Monitoring: IoT integration enabling centralized 

oversight 

Experimental validation confirmed system robustness and 

practical deployment feasibility. FEA validated component 

design for safe, durable operations. The modular architecture 

supports future enhancements and scalable deployment across 

large road networks. 

This automated system represents a significant advance in 

road maintenance technology, addressing persistent 

infrastructure challenges through innovative integration of 

sensing, robotics, and information technologies. Successful 

prototype validation supports transition toward operational 

deployment, promising enhanced public safety, extended 

infrastructure longevity, and improved transportation system 

efficiency. 
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