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ABSTRACT 

Road conditions with holes are a common cause of accidents in a traffic 

environment. For motorcycle riders, car drivers, and other vehicle drivers, this can 

be fatal. For driving comfort, transportation safety, and infrastructure integrity, road 

surface monitoring and maintenance are critical. As a result, by identifying pot holes 

on the highway, this article seeks to develop a road contour damage information 

system. In this work, we suggest an Android-based application for executing data 

collecting points for government entities such as the NHAI and municipalities, 

among others. To create the app, we trained a model to recognize whether or not an 

image has a pothole.  If a pothole is detected, the image is saved on a server, where it 

can subsequently be retrieved by appropriate authorities for maintenance and 

analysis. Instead of using the classic paper pen method, government personnel can 

utilise this mobile app to collect data. We plan to limit the quantity of photographs a 

person can upload because data can be very large. The findings of this study are 

expected to play a significant role in guaranteeing safe driving in the future by 

effectively detecting poor road conditions. 

Keywords : Road Surface Damage, Firebase, Image Processing, Pothole Detection, 

Road Quality Monitoring, Road Damage Detection. 

 

I. INTRODUCTION 

 

Roads are one of the most important aspects of every 

growing or developed country's social and economic 

growth [1]. Road damage is a common occurrence in 

India. However, because we are well aware that 

maintaining the same by governmental [2] 

institutions such as municipalities is a major difficulty, 

many scholars are actively working on inventing 

efficient and effective strategies to assist 
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municipalities. Most of the Indian people have often 

encountered damage to a road section both on 

alternate roads and main roadways. If frequent road 

inspections are not performed, the state of the roads 

will deteriorate over time owing to a variety of causes 

such as weather, traffic, aging, and poor material 

selection. As a result of the damage caused by 

potholes, as indicated in figure 1, expensive litigation 

and damage claims have been filed [3]. 

 

Some agencies use cars equipped with multiple pricey 

sensors and high-resolution cameras to conduct road 

surveys. Road supervisors and visual inspections are 

performed by some competent road management. 

However, these methods are both time consuming 

and costly. These agencies struggle to keep accurate 

and up-to-date databases of recorded structural 

damages even after the inspection is completed [4]. 

Poor management results in a disorganised and 

inefficient deployment of resources for road repair. As 

a result, we require a low-cost, quick, and well-

organized system for detecting road damage. We are 

quite lucky that practically everyone now owns a 

smartphone with a camera. People have begun to 

undertake challenges and research in this arena since 

the introduction of Object Detection algorithms in AI 

[5]. 

 

 
Figure 1 The Potholes and Road Damage 

 

After examining how government bodies such as the 

NHAI and Municipal Corporation operate, we 

discovered that the process of addressing road damage 

and repairing the road takes a long time because these 

departments must follow a number of protocols such 

as cost estimation, forming teams, and locating 

contractors, all of which take time. 

 

Finally, both governmental agencies and ordinary 

citizens encounter issues that can be remedied more 

rapidly if these agencies are informed about the harm 

as soon as possible. 

 

Later resolving these issues has major consequences, 

such as accidents resulting in serious injuries and, in 

some cases, death. The expense of correcting these 

damages continues to rise as more labour and money 

are required every day. Other issues that government 

agencies confront include not knowing which roads 

to repair first, as certain roads may be able to wait 

longer than those that require immediate attention [6]. 

It is now possible for the government to maintain 

track of road health, but the solutions are too 

expensive, time consuming, and ineffective. They 

may choose to appoint a few personnel to keep track 

of these circumstances, but because there are so many 

roads and so few employees, this will not always be 

correct. And fixing this problem with this kind of 

answer is impractical, or to put it another way, it's a 

highly sophisticated solution to a very simple problem 

that may not be particularly effective in the end. So 

we propose a product (software) capable of addressing 

these issues, as well as geolocation [7], to government 

bodies with the help of common users of roads 

(common people), using some authentication to 

ensure that the issues sent to them are as genuine as 

possible, as well as an analysis of road health severity. 

It will save them time and money while also assisting 

them in determining which concerns should be 

addressed first and which may be postponed until big 

ones are resolved. 

 

II. Related Work  



Volume 8, Issue 1, January-February-2022 | http://ijsrcseit.com 

Ankit Kumar et al Int. J. Sci. Res. Comput. Sci. Eng. Inf. Technol, January-February-2022, 8 (1) : 202-211 

 

 

 

 

 

204 

 

Many factors contribute to road degradation. Cracked 

roads, rough, hollow roads are only a few examples 

[8]. A hole was one of the road defects that resulted in 

an accident for motorists and drivers. One of them is 

by detecting the presence of potholes in the road 

early on. T. N. R. Kumar [9] did research in 2015 on 

the application of image processing to the detection of 

holes in the highway. The identification of holes was 

carried out in this study utilising the K-Mean 

clustering approach, and it was concluded that the 

method had effectively discovered holes, however the 

efficacy of its success was not mentioned. Ochoa-Ruiz 

et al. [10] used deep learning [11] algorithms to detect 

road deterioration effectively. Accelerometers and 

gyroscopes, as well as the GPS, are the most often 

utilised sensors in vibration-based approaches because 

they are sensitive to shocks caused by road 

abnormalities (e.g., potholes and bumps). In 2015, S. 

Nienaber et al. [12] also carried out a research on the 

detection of holes on the highway. In this study, the 

convex hull algorithm method was used where it was 

concluded that the success of this system was 81.8%.  

 

Many methods have been used, which can be divided 

into the following three categories first threshold-

based methods, [13] second dynamic time warping 

(DTW) [14], and third machine learning together 

with feature engineering [15]. An important part of 

this research is the Google Maps Application 

Programming Interface (API) [16] special Google's 

server map [17] which includes a database of satellite 

imagery, road views, altitude profiles, directions, 

maps with a touch of style, demographics, analysis, 

and large databases and can be equipped with various 

specific attributes according to the desire of the 

programmer, to build a real time application to 

estimate the camera pose [18]. Pothole Patrol [19] 

collected data using mobile sensors [20] 

(accelerometer, GPS) installed on vehicles that 

travelled thousands of kilometres around the city of 

Boston, MA, USA. In their pothole-detection 

algorithm, a range of filters (speed, high-pass, z-peak, 

xz-ratio, speed vs. z-ratio) were applied to dismiss one 

or more none pothole event types. 

 

III. Maintenance of the Roads 

 

Various technologies in the realm of autonomous 

vehicles, such as sensors, have advanced significantly 

in recent years. Sensors can be used to detect the 

environment or recognize obstacles, which is 

important for safe personal mobility. Other cars and 

pedestrians may be met as impediments when driving. 

This technology is critical for avoiding vehicle 

collisions or collisional incidents [21]. Similarly, 

technology that can aid in the prevention of vehicular 

accidents is required. In intelligent transportation 

systems, subsystems that provide reliable information 

on current road conditions are critical. Road surface 

indicators, unexpected road obstructions, and road 

distress all play vital roles in creating a safe driving 

environment [22]. Among the aforementioned 

elements, government agencies are heavily involved 

in managing pavement conditions, thus there is a lot 

of interest from them in improving pavement quality 

through frequent road surface damage detection. 

Otherwise, water would permeate the damaged 

portions of the road surface, causing further road 

structure degradation [23] as well as raising the 

danger of traffic accidents in the near future. Because 

of ageing or deterioration, road distress manifests 

itself in a variety of ways [24]. Traditionally, road 

surface care was done by labor-intensive inspection 

and on-site repairs. When operating on highways and 

tunnels, this method entails a greater risk. Techniques 

involving inspection equipment, like as a mobile 

mapping system, have been developed to tackle this 

problem [25]. The road surface is always presumed to 

be in perfect condition in the autonomous driving 

field, and detection of the road area is deemed 

adequate to enable autonomous driving. 
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The road surface, on the other hand, may have 

multiple safety blind spots, such as surface 

deterioration caused by exposure to various 

environmental variables. Smart sensors in an 

integrated system are required for autonomous 

vehicles to identify road damage. Various 

maintenance technologies have been developed to 

this purpose in order to quickly fix road damage. 

 

IV. Specifications for Requirements 

 

We'll talk about Requirement Specifications in this 

part. First and foremost, we will address the most 

common issues faced by government agencies such as 

the National Highway Authority of India (NHAI) and 

the Municipal Corporation in terms of road 

maintenance following construction, as well as 

immediate actions to be taken to avoid road accidents 

and problems. To begin building our system, we must 

first design a model to detect road health, for which 

we will require a dataset of damaged roads. These data 

will be utilised to train our road health analysis model. 

Another problem is to make our model as accurate as 

feasible. This can be accomplished by training our 

model with a large amount of data.  To register a user 

on our app and avoid spam, we need information such 

as his or her name, phone number, and email address. 

A user of the programme must first register with it, 

which can be done within the app. The data 

structures used by NoSQL [26] databases (for example, 

key–value pair, broad column, graph, or document) 

differ from those used by relational databases by 

default, allowing NoSQL to perform various tasks 

faster. The applicability of a NoSQL database is 

determined by the problem it must answer. NoSQL 

databases' data structures are sometimes seen to be 

more flexible than relational database tables. All of 

this information allows everyone to stay informed 

about the institution's progress. If a student or general 

user has an active internet connection and an 

Android mobile device, he or she can benefit from 

this service. Before the user may begin using the 

system, he should only be informed on the system's 

functions. 

 

4.1 Requirements for Hardware and Software 

 

The hardware and software requirements for the 

planned work are discussed in this section. Using a 

phone with Android OS [27] and SDK 5.0 (Lollipop) 

or later. A minimum of 512MB of RAM is required, as 

well as sufficient memory to install our app. Built on 

JetBrains' IntelliJ IDEA software and designed 

exclusively for Android development, Android Studio 

is the official integrated development environment 

(IDE) for Google's Android operating system. On May 

16, 2013, at the Google I/O conference, Android 

Studio was revealed.  It was in early access preview 

stage starting from version 0.1 in May 2013, then 

entered beta stage starting from version 0.8 which 

was released in June 2014. The first stable build was 

released in December 2014, starting from version 1.0. 

In our Application we’ve used the latest Version 4.0. 

 

4.1.1 Android Emulator 

 

The Android Emulator simulates Android devices on 

our computer so that we can test our application on a 

variety of devices and Android API levels without 

needing to have each physical device. The emulator 

provides almost all of the capabilities of a real 

Android device [28]. We are simulate incoming 

phone calls and text messages, specify the location of 

the device, simulate different network speeds, 

simulate rotation and other hardware sensors, access 

the Google Play 

store, and much more. Testing our app on the 

emulator is in some ways faster and easier than doing 

so on a physical device. For example, we can transfer 

data faster to the emulator than to a device connected 

over USB. The emulator comes with predefined 

configurations for various Android phone, tablet, 
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Wear OS, and Android TV devices. Each instance of 

the Android Emulator uses an Android virtual device 

(AVD) shown in figure 2 to specify the Android 

version and hardware characteristics of the simulated 

device. To effectively test our app, we are creating an 

AVD that models each device on which your app is 

designed to run. To create and manage AVDs, use the 

AVD Manager. Each AVD functions as an 

independent device, with its own private storage for 

user data, SD card, and so on. By default, the emulator 

stores the user data, SD card data, and cache in a 

directory specific to that AVD. When we launch the 

emulator, it loads the user data and SD card data from 

the AVD directory. 

 
Figure 2 The Android Virtual Device (AVD) 

 

4.1.2 Dependency 

 

Project Dependencies are, in fact, Schedule 

Dependencies. It simply means that schedule of one 

task or activity is reliant on another one. It explains 

the project dependencies with the help of an example 

and differentiates between dependencies, assumptions, 

and constraints. These dependencies are legally or 

contractually required. They are, sometimes, inherent 

in the nature of the work. 

 
4.1.3 UI Dependency  

 

A user interface (UI) test that involves user 

interactions across multiple apps lets you verify that 

our app behaves correctly when the user flow crosses 

into other apps or into the system UI. An example of 

such a user flow is a messaging app that lets the user 

enter a text message, launches the Android contact 

picker so that the users can select recipients to send 

the message to, and then returns control to the 

original app for the user to submit the message.  

 

 
 

Using UI Automator APIs we interact with visible 

elements on a device, regardless of which Activity is 

in focus. We are test can look up a UI component by 

using convenient descriptors such as the text 

displayed in that component or its content description.  

The UI Automator testing framework is an 

instrumentation-based API and works with the 

Android Junit Tester test runner. To optimize your UI 

Automator testing, you should first inspect the target 

app’s UI components and ensure that they are 

accessible. These optimization tips are described in 

the next two sections. 

 

Gradle is a build system (open source) which is used 

to automate building, testing, deployment etc. “Build. 

gradle” are scripts where one can automate the tasks. 

For example, the simple task to copy some files from 

one directory to another can be performed by Gradle 

build script before the actual build process happens. 

Every Android project needs a gradle for generating 

an apk from the .java and .xml files in the project. 

Simply put, a gradle takes all the source files (java and 

XML) and apply appropriate tools, e.g., converts the 

java files into dex files and compresses all of them into 

a single file known as apk that is actually used. 
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V. Proposed System and Services 

 

For Analytics phase we are using Google analytics is a 

cost-free app measurement solution that provides 

insights on app usage and user engagement. For 

messages using Firebase Cloud Messaging Formerly 

known as Google Cloud [30] Messaging (GCM), 

Firebase Cloud Messaging (FCM) shown in figure 3 is 

a cross-platform solution for messages and 

notifications for Android, iOS, and web applications. 

In this project authentication process we are using 

Firebase Authentication is a service that can 

authenticate users using only client-side code. It 

supports social login providers Facebook, GitHub, 

Twitter and Google as well as other service providers 

like Google Play Games, Apple, Yahoo, and Microsoft.  

 
Figure 3 The Complain Massage 

 

Additionally, it includes a user management system 

whereby developers can enable user authentication 

with email and password login stored with Firebase 

shown in figure 4. Again for database using Firebase 

provides a real-time database and back-end as a 

service. The service provides application developers 

an API that allows application data [29] to be 

synchronized across clients and stored on Firebase's 

cloud. It’s also provides client libraries that enable 

integration with Android, iOS, JavaScript, Java, 

ObjectiveC, Swift and Node.js applications. The 

database is also accessible through a REST API and 

bindings for several JavaScript frameworks as 

AngularJS, React, Ember.js and Backbone.js. The 

REST API uses the Server-Sent Events protocol, 

which is an API for creating HTTP connections for 

receiving push notifications from a server. Using the 

real-time database can secure their data by using the 

company's server-side-enforced security rules. Next 

Firebase storage provides secure file uploads and 

downloads for Firebase apps, regardless of network 

quality, to be used for storing images, audio, video, or 

other user-generated content. It is backed by Google 

Cloud Storage.  

 

 
 

Figure 4 The Firebase Storage  

 

In the Firebase Hosting is a static and dynamic web 

hosting Service. It supports hosting static files such as 

CSS, HTML, JavaScript and other files, as well as 

support through Cloud Functions. The service 

delivers files over a content delivery network (CDN) 

through HTTP Secure (HTTPS) and Secure Sockets 

Layer encryption (SSL). Firebase partners with Fastly, 

a CDN, to provide the CDN backing Firebase Hosting. 

The company states that Firebase Hosting grew out of 

customer requests; developers were using Firebase for 

its real-time database but needed a place to host their 

content. We are using ML Kit is a mobile machine 

learning system.  ML Kit APIs [31] feature a variety of 

features including optical character recognition, 

detecting faces, scanning barcodes, labelling images 

and recognising landmarks. It is currently available 

for iOS or Android developers. We are also import 
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our own TensorFlow Lite models, if the given APIs 

are not enough.  

 

 
Figure 5 The Pothole Reporting  

 

The APIs can be used on-device or on-cloud. For 

reporting we are using Crashlytics. Crash Reporting 

creates detailed reports of the errors in the app shown 

in figure 5. Errors are grouped into clusters of similar 

stack traces and triaged by the severity of impact on 

app users. In addition to automatic reports, the 

developer can log custom events to help capture the 

steps leading up to a crash. Before acquiring 

Crashlytics, Firebase was using its own Firebase Crash 

Reporting. 

 

Again, Firebase Performance provides insights into an 

app's performance and the latencies the app's user’s 

experience. Using testing Firebase Test Lab provides 

cloud-based infrastructure for testing Android and 

iOS apps in one operation. We can test their apps 

across a wide variety of devices and device 

configurations. Test results including logs, videos, and 

screenshots are made available in the Firebase console. 

If hasn’t written any test code for their app, Test Lab 

can exercise the app automatically, looking for 

crashes. Test Lab for iOS is currently in beta. Admob 

is a Google product that integrates with Firebase 

audience. Firebase Dynamic Links Dynamic [32] 

Firebase links are smart URLs that dynamically 

change their behaviour to provide "the best available 

experience" across multiple platforms, including 

desktop web browsers, iOS, and Android, and in-

depth links to mobile apps. We are opens dynamic 

link on iOS or Android and the application is not 

installed, the user will be prompted to install the app 

first. Once installed, the application will start running 

and can access the link shown in figure 6.  

 

 
 

Figure 6 The App view   

 

VI. Analysis and Findings 

 

Our model is able to identify potholes with an 

accuracy of 84 percent in this research. So far, the 

outcomes have been good and far better than we had 

anticipated. The health of the system is also beneficial 

throughout the life cycle. The main goal of this 

module is to forecast the presence of potholes in a set 

of photos. The model and photos from the machine 

are loaded into the module. The photos are pre-

processed in the same way that they were in the 

training module. The photos are fed into the model, 

and the results are displayed on the console as 

predictions and accuracies. Everything went 

according to plan. The system that was constructed is 

compared to the initial specifications that were 

developed at the start of the project. To improve 

model accuracy even more, we're trying to train it on 

a variety of different and much larger datasets. We 

also attempted to compress the image in order to 
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reduce server load. Noises, such as other items that 

we are not interested in, can be found in an image. 

We attempted to eliminate these noises in order to 

improve accuracy. Multithreading is a good way to 

improve the speed of our programme. The only 

security problem we encountered when developing 

an Android app was reverse engineering, which 

exposes our code to hackers. Hackers will be able to 

bypass authentication as a result of this. Some people 

may want to crack the app in order to figure out how 

it works and what particular features it has, either to 

develop a better app than ours or to entirely copy it.  

It's likely that different users will post the same report 

many times, increasing redundancy. In the future, 

we're considering identifying geo-locations based on 

blocks and limiting the number of photographs a user 

can upload at a time. 

 

VII. CONCLUSION 

 

Potholes arise as a result of road wear and tear and 

weathering. They not only create inconvenience to 

individuals, but they also result in deaths as a result of 

car accidents. The goal of this research was to come 

up with a mechanism for detecting potholes in road 

surfaces that would save time and money. The user 

can utilize the application at any time and from any 

location. The project has an in-built machine learning 

kit, allowing users to easily prepare for interviews or 

compile their scripts whenever they want. The codes 

are readily modifiable and may be saved and shared 

across multiple platforms. The programme will 

function as the team has suggested, and any future 

upgrades will be automatically notified. The project's 

major purpose was to shorten the time it took from 

receiving a report of damaged roads to completing it. 

As a result, there are numerous accidents and 

significant vehicle damage. This job will be completed 

in less time and with fewer man hours as a result of 

our initiative. The tracking of these issues will 

become much more simple and straightforward. We 

believe that this project will expand in the future to 

make government officials' jobs easier, faster, and 

more effective. Because mobile phones are getting 

cheaper and more process power heavy than ever 

before, a strong android app like this can be quickly 

put in a phone. This will make using the app as simple 

as using any other app that a regular person uses on a 

daily basis. Unlike others, our solution is less 

expensive and easier to maintain. Only a few 

engineers are needed to keep the system running. 

 

VIII. FUTURE WORK  

 

We will enhance the amount of training data and 

design the structure of a new neural network in 

future research to improve the detection accuracy of 

categories that are difficult to identify. We're also 

trying to figure out how many potholes there are in 

the image. Which of these will improve the usability 

and effectiveness of our system? 
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