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Abstract

Road safety alongside maintenance planning heavily depends on accurate detections of potholes together with volume
estimation. The current methods used to determine pothole depth and volume rates as time-consuming while also
produce unreliable results. This research develops a Raspberry Pi automatic system using the HC-SR04 ultrasonic
sensor combined with Pi Camera technology for enhancing immediate pothole surveillance and quantitative
assessments. The system obtains imaging data from potholes; at the same time, it uses ultrasonic sensor depth readings
to calculate volume sizes.

The sensor limitations during initial trials caused inconsistent depth readings, which subsequently affected the
calculated volume measurements. Multiple trials of calibration, along with real-time multiple checks, produced system
readings with a minimum accuracy of 0.68% that improved by an average of 2.05% between each test. Validation tests
with GPS data showed the system-maintained reliability through measurements that varied between 3 to 5% of the
actual values for practical deployment. Real-time data collection coupled with sensor-based monitoring demonstrates
how it creates an effective solution for pothole assessment, which also proves economical.

Upcoming research efforts will direct their attention to sensor calibration process optimization alongside depth
measurement precision enhancements and volume calculation optimization. Future detection accuracy improvement
and road condition adaptability can be achieved by integrating machine learning analysis methods. The developed
system supports intelligent road maintenance through its semi-automated approach while maintaining accurate
pothole assessment capabilities on a large scale.

Keywords: Pothole Detection Ultrasonic Sensor (HC-SR04); Raspberry Pi; Real-Time Monitoring; Depth Estimation;
Road Maintenance; Image Processing

1. Introduction

Modern transportation requires road infrastructure because it facilitates safe and efficient mobility. Potholes remain
the constant problem that causes automobile damage alongside accidents while increasing spending on repairs. Manual
pothole detection along with repair methods through inspections proves to be lengthy while being both physically
demanding and producing incorrect results. The technological progress has introduced automated systems that detect
potholes as well as measure their depths through sensors and image processing capabilities in real time.
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Figure 1 Trends in Road Crashes, Injuries and Deaths due to Potholes in India (2015-2023)

The researchers developed a Raspberry Pi system that aligns an HC-SR04 ultrasonic sensor with the Pi Camera to
improve the accuracy and operational efficiency when detecting potholes. The system utilizes an ultrasonic sensor that
detects pothole depths together with a camera for immediate image acquisition. These two technologies work together
to produce accurate volume calculations, which road maintenance teams need for their planning activities. The
proposed method adopts an ultrasonic sensor alongside a Pi Camera to identify potholes and shows benefits over
previous detection methods because it remains affordable and applicable to multiple road surface types.

The testing phase exposed some problems with depth evaluation because sensor-monitoring capabilities were
restricted. The system reached a minimum accuracy threshold of 0.68% after performing multiple calibration attempts,
which led to an average accuracy enhancement total of 2.05%. The real-time GPS image validation method
demonstrated that sensor-based detection accuracy reached within 3-5% error range proving the system's reliability.
Accurate detection of potholes becomes possible through the combination of real-time image acquisition with ultrasonic
sensing technology, according to these experimental findings.

The main purpose of this investigation revolves around improving sensor precision and developing better algorithms
for depth assessment, and incorporating machine learning methods to boost detection capabilities. This research
develops an automated, scalable pothole detection for future smart road maintenance approaches, which reduces
expenses while ensuring improved transportation security.

2. Literature Review

Different sensing systems including ultrasonic sensors and Raspberry Pi as well as cameras have been extensively
studied for potholes detection and road surface monitoring applications. Various studies from the literature examine
both technological progress and remaining knowledge gaps within these two fields.

2.1. Ultrasonic Sensors in Road Condition Monitoring

Studies prove that ultrasonic sensors perform well when they detect surface changes through distance measurement
[1]. Most existing detection systems determine if potholes exist but they do not accomplish depth measurements of
these issues [2]. Researchers implemented ultrasonic sensors with microcontrollers to develop budget-friendly pothole
detection systems although environmental factors reduce their precision level [3,4].

2.2. Raspberry Pi in Automated Road Monitoring

Raspberry Pi functions as a basic computer system which performs real-time road surface analysis using economical
hardware [5,6]. A number of projects use Raspberry Pi in combination with cameras to obtain road defect images which
are afterward classified through image processing methods [7,8,9]. Research works about depth estimation employing
this method are scarce since existing applications rely on detecting images instead of measuring with sensors [10].
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2.3. Camera-Based Pothole Detection

Avast collection of research exists that uses cameras in combination with computer vision for road condition evaluation
[11,12,13]. Edge detection and deep learning models among several other algorithms, facilitate the identification of
potholes [14,15]. The effectiveness of these detection systems at identifying potholes and their locations does not extend
to accurate measurement of depth, which affects their ability to determine pothole severity [16,17].

There is a substantial gap in existing research about determining pothole depth using sensor technology [18,19]. Little
research exists on the combination of ultrasonic sensors together with Raspberry Pi for precise pothole depth
determination despite their earlier applications for pothole detection [20]. There is a research gap concerning the
integration of multiple components because its absence continues to weaken road maintenance practices.
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Figure 2 Amount of effort in the literature on object detection and deep learning for the last 10 years
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4., Result

e The built system incorporates both an ultrasonic sensor along a Raspberry Pi to detect potholes and identify
their depth. The system's measurement reliability achieves an accuracy of 3-5% based on the obtained results.

o The proposed method shortens manual pothole evaluation time because it enables immediate environmental
scanning and results assessment.

e Additional testing and system refinements alongside sensor calibration and road surface conditions
enhancement activities will boost the volume estimation accuracy of the system.

5. Discussion

The distance information from the HCSR04 ultrasonic sensor, together with the processing capabilities from Raspberry
Pi 4, enable the detection of potholes in roads. The sensor sends out ultrasonic sounds that cause echoing reflections off
the pavement to obtain echo return times. The sensor records the time required for the sound waves to return, thus
making calculations for determining road depression depth. Real-time images captured by the Raspberry Pi camera can
be enhanced through image processing implemented using Python to achieve better detection outcomes. Testing images
will be used to validate the stored recorded data. The processed information enables the system to display warning
messages for aiding road maintenance decisions and pothole identification activities.
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Figure 4 Ultrasonic Sensor architecture

The accuracy assessment for pothole detection involved multiple testing sessions that used an ultrasonic sensor
together with a Raspberry Pi camera. Inconsistencies in sensor readings appeared at first because the measurements
suffered from variations in road surfaces and sensor placement. Real-time collected data revealed inconsistent depth
readings, which caused inaccurate volume measurements. The single-trial measurements revealed the problems with
obtaining exact results, which led to the recognition that multiple tests must be combined with calibration procedures.

The system became more reliable after the developers optimized sensor placement and revised the experimental setup.
Improved processing of multiple data points allowed the algorithm to produce decreased measurement errors. The
system reached higher levels of accuracy following adjustments of both sensors and data processing protocols. The
ultrasonic sensor proved its capability for measuring pothole depth and volume because it delivered results with 3-5%
accuracy margin.
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Figure 5 Assembled Sensors

Figure 6 Detection of depth by ultrasonic sensors

Figure 7 Code required for calculations
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Figure 8 Final Result

Table 1 Difference in percentage between manually calculated volume and volume calculated by sensor

Sr. no. Manually calculated volume | Volume calculated by sensors | Difference in %
Pothole No.1 |15.56 cm3 15.03cm3 3.4%
Pothole No.2 |36.66cm3 36.41cm? 0.6%
Pothole No.3 |17.82cm? 17.32cm? 2.83%
Pothole No.4 |9.9cm3 9.72 cm3 2.67%
Pothole No.5 [10.91cm? 10.45 cm? 4.21%
Pothole No.6 |9.83 cm? 9.43 cm? 4.03%
Pothole No.7 |14.94cm3 14.24 cm3 4.68%
Pothole No.8 |28.65cm? 28.98 cm? 2.26%
Pothole No.9 |19.86cm? 19.49 cm?® 3.27%
Pothole No.10 | 16.75cm3 16.40 cm? 2.09%

6. Conclusion

Researchers developed an effective system for detecting potholes together with measuring their depth through the
combination of ultrasonic sensors and Raspberry Pi devices. The system displayed an error precision of 3-5% after
performing several trials and adjustments, which established it as an effective solution for practical applications. Sensor
data integration with image processing techniques delivers precise volume calculations that improve road maintenance
planning. This proposed method offers a budget-friendly automated solution that improves the present pothole
evaluation framework for better road safety and infrastructure management.

Future Scope

Investigations need to incorporate machine learning programs for improving data precision when measuring potholes
and determining their classification types. Real-time monitoring through IoT brings additional benefits for data
collection accuracy alongside predictive maintenance improvements. Extending the model’s exposure to various road
materials, coupled with multiple driving conditions, will improve its operational reliability. Researchers need to
perform a financial assessment of this system alongside large-scale deployment studies for effective highway and urban
road management.

694



International Journal of Science and Research Archive, 2025, 15(01), 689-696

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1]

[2]

[3]

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Kim, Y.-M,; Kim, Y.-G.; Son, S.-Y.; Lim, S.-Y.; Choi, B.-Y.; Choi, D.-H. “Review of Recent Automated Pothole-Detection
Methods”, Appl. Sci. 2022, 12, 5320. https://doi.org/ 10.3390/app12115320

Taehyeong Kim, Seung-Ki Ryu, “Review and Analysis of Pothole Detection Methods”, Vol. 5, No. 8 August 2014.
https://doi.org/10.3390/app12115320

C. Koch, L. Brilakis, “Pothole detection in asphalt pavement images”, Advanced Engineering Informatics 25 (2011)
507-515, https://doi.org/10.1016/j.2ei.2011.01.002

A. Paramarthalingam, J. Sivaraman, P. Theerthagiri et al. “A deep learning model to assist visually impaired in
pothole detection using computer vision”, Decision Analytics Journal 12 (2024) 100507.
https://doi.org/10.1016/j.dajour.2024.100507

B. -h. Kang and S. -i. Choi, "Pothole detection system using 2D LiDAR and camera," 2017 Ninth International
Conference on Ubiquitous and Future Networks (ICUFN), Milan, Italy, 2017, pp. 744-746, doi:
10.1109/1CUFN.2017.7993890.

Rashidi A, Sigari MH, Maghiar M et al. 2016 An analogy between various machine-learning techniques for
detecting construction materials in digital images. KSCE J. Civ. Eng. 20: 1178-1188. doi: 10.1007/s12205-015-
0726-0.

Jiao L et al. 2019 A Survey of Deep Learning-Based Object Detection. IEEE Access 7: 128837-128868. doi:
10.1109/ACCESS.2019.2939201.

Le T, Hassan F, Le C, and Jeong HD 2019 Understanding dynamic data interaction between civil integrated
management technologies: A review of use cases and enabling techniques. Int. ]. Constr. Manag. 22(6): 1011-
1032. doi: 10.1080/15623599.2019.1678863.

Xiao B and Kang S 2021 Development of an Image Data Set of Construction Machines for Deep Learning Object
Detection. J. Comput. Civ. Eng. doi: 10.1061/(ASCE)CP.1943-5487.0000945.

Le T, Hassan F, Le C, and Jeong HD 2019 Understanding dynamic data interaction between civil integrated
management technologies: A review of use cases and enabling techniques. Int. ]. Constr. Manag. 22(6): 1011-
1032. doi: 10.1080/15623599.2019.1678863.

Xiao B and Kang S 2021 Development of an Image Data Set of Construction Machines for Deep Learning Object
Detection. ]. Comput. Civ. Eng. doi: 10.1061/(ASCE)CP.1943-5487.0000945.

Guerra, K., Raymundo, C,, Silvera, M., Zapata, G., & Moguerza, ]. M. (2024). Pothole detection and International
Roughness Index (IRI) calculation using ATVs for road monitoring. Scientific Reports, 14(1), 19761

Hoomod, H. K,, & Al-Chalabi, S. M. (2017). Objects detection and angles effectiveness by ultrasonic sensors HC-
SR04. International Journal of Science and Research (IJSR), 6(6), 1500-1504. Kaur, M., & Pal, ]. (2015). Distance
measurement of object by ultrasonic sensor HC-SRO4. International Journal for Scientific Research &
Development (IJSRD), 3(5), 200-204.

Pagnutti, M. A, Ryan, R. E,, Cazenavette, G. ]. V., Gold, M. ], Harlan, R., Leggett, E., & Pagnutti, ]. F. (2017). Laying
the foundation to use Raspberry Pi 3 V2 camera module imagery for scientific and engineering purposes. Journal
of Electronic Imaging, 26(1), 013014. https://doi.org/10.1117/1.JE1.26.1.013014

Qurishee, M. A. (2019). Low-cost deep learning UAV and Raspberry Pi solution to real-time pavement condition
assessment (Master’s thesis, University of Tennessee at Chattanooga).

Benjamin, A. K., Ainah, P.K,, & John, B. A. (2019). Design and implementation of a low-cost ultrasonic radar system
using Arduino and MATLAB. International Journal of Scientific Research and Engineering Development (IJSRED),
3(4),567-574.

695


https://doi.org/10.3390/app12115320
https://doi.org/10.1016/j.aei.2011.01.002
https://doi.org/10.1016/j.dajour.2024.100507
https://doi.org/10.1016/j.dajour.2024.100507
https://doi.org/10.1117/1.JEI.26.1.013014

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

International Journal of Science and Research Archive, 2025, 15(01), 689-696

Mead, ]., & Mosalam, K. (2017). Ubiquitous luminance sensing using the Raspberry Pi and camera module.
Lighting Research & Technology, 49(7), 935-945.

Al-Chalabi, S. M. (2020). Raspberry Pi project: Ultrasonic distance sensor in civil engineering. International
Journal of Multidisciplinary Research (IJMR), 6(11), 155-162.

Patel, R, & Sharma, T. (2024). Implementation of distance measurement using Arduino UNO, HC-SR04 ultrasonic
sensor, and 12C LCD display. Journal of Emerging Technologies and Innovative Research, 11(2), 34-40.

Kanade, Prakash, and Prajna Alva. "Raspberry Pl project-ultrasonic distance sensor in civil
engineering.” International Journal in IT & Engineering (IJITE) 8.10 (2020).

Mutlib, Nadom Khalifa, et al. "Ultrasonic health monitoring in structural engineering: buildings and
bridges." Structural Control and Health Monitoring 23.3 (2016): 409-422.

Kaczmarek, Mariusz, Bogdan Piwakowski, and Radostaw Drelich. "Noncontact ultrasonic nondestructive
techniques: state of the art and their use in civil engineering." Journal of Infrastructure Systems 23.1 (2017):
B4016003.

Ong, Justin B., et al. "A wireless, passive embedded sensor for real-time monitoring of water content in civil
engineering materials." IEEE Sensors Journal 8.12 (2008): 2053-2058.

Gupta, Sabuj Das, et al. "Design and implementation of water depth measurement and object detection model
using ultrasonic signal system." International Journal of Engineering Research and Development 4.3 (2012): 62-
69.

Gupta, Sabuj Das, et al. "Design and implementation of water depth measurement and object detection model
using ultrasonic signal system."” International Journal of Engineering Research and Development 4.3 (2012): 62-
69.

Jahanshahi, Mohammad R., et al. "Unsupervised approach for autonomous pavement-defect detection and
quantification using an inexpensive depth sensor." Journal of Computing in Civil Engineering 27.6 (2013): 743-
754.

Mi, Bao, and Charles Ume. "Real-time weld penetration depth monitoring with laser ultrasonic sensing system."
(2006): 280-286.

Du, Cong, et al. "Real time corrosion detection of rebar using embeddable fiber optic ultrasound sensor." Sensors
and Smart Structures Technologies for Civil, Mechanical, and Aerospace Systems 2018. Vol. 10598. SPIE, 2018.

Szabo, Thomas L., and Peter A. Lewin. "Ultrasound transducer selection in clinical imaging practice." Journal of
Ultrasound in Medicine 32.4 (2013): 573-582.

Axiotidis, Christodoulos, Evangelia Konstantopoulou, and Nicolas Sklavos. "A wireless sensor network [oT
platform for consumption and quality monitoring of drinking water." Discover Applied Sciences 7.1 (2024): 15.

Tundwal, Ambika, et al. "Design and implementation of machine learning-based anomaly detection in iron
structures using synthetic data." International Journal of Science and Research Archive 14.1 (2025): 493-500.

696



