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Abstract: With widespread adoption of smartphones, a number 
of human’s robust issues square measure being tackled with 

mobile applications. one in all several such issues is road traffic 

accidents, and engorged traffic in metropolitan cities. in keeping 

with the National Crime Records Bureau (NCRB) road accidents 
accounted for one, 54,732 fatalities in Asian nation within the year 

2019 within which fifty % accidents were because of dangerous 

road condition and with growing range of car users, traffic is 

growing day by day. Technology, a lot of specifically, itinerant 

technology has evolved to modify miniature devices the aptitude of 
containing powerful sensors. The functionalities of those sensors, 

like accelerometers, gift in smartphones is what this study exploits 

to develop a system capable of mechanically police investigation 

potholes in time period and observance road traffic conditions. 

Machine learning techniques; Support vector machines supported 
K-means bunch, square measure applied to the info obtained from 

such sensors to estimate road/traffic conditions. Previous add this 

space puts the incumbrance on the user, and pays very little 

attention to giving incentives for the tedious, and mundane task of 

cataloging potholes, or the other road anomalies. As such, this 
study goes on the far side merely police investigation or estimating 

road/traffic conditions and derives utility for the user by creating 

use of the info collected to modify hindrance of potholes whereas 

driving, and visualizing roads traffic which might inform 

selections on alternate routes. The developed system is evaluated 
exploitation knowledge obtained from the crawdad.org 

information and a check drive on Ilorin roads shows promising 

results. 

 
Keywords: Road condition, Traffic, Potholes, Real-time, Mobile 

sensors, Visualization. 

1. Introduction 

Potholes square measure shallow pits on a road’s surface, 

caused by activities like erosion, weather, traffic and a few 

different factors. These anomalies once accumulated within the 

transportation, constitutes to major issues. These issues, 

although seem to be lower at a private level, represent to major 

issues once taken in additive, collective and largescale manner. 

the issues deep-rooted by these potholes lead to low fuel 

economy, accidents, traffic coagulations so on, that have 

Associate in Nursing adverse impact on the economy of a rustic 

and day to day lifetime of voters. 

With growing range of car users, traffic is growing day by 

day. it's fascinating to possess a mechanism, by which  

 

individuals will recognize, in time period, regarding the traffic 

condition within the routes on that they want to travel. As a 

result, functioning on traffic observance has gained vital 

attention. Detection of potholes and traffic observance may be 

a downside wide studied in recent times, and also the 

approaches typically use the usage of dedicated sensors like 

GPS, accelerometers, and traffic cameras. Thus, the smartphone 

based mostly hollow detection and traffic estimation strategies 

obviate the necessity for specialised hardware put in in vehicles 

or on the wayside. Being crowdsourced - exploitation  

distributed democratic knowledge assortment - the approach 

has the advantage of high quantifiability considering that the 

amount of smartphone users is growing quite speedily. 

machine-controlled embedded sensing systems, together with  

smartphones, generally, have 2 categories of sensors to be used 

for hollow detection: mike and accelerometers. This study 

employs measuring system processing for hollow detection and 

traffic observance. This answer extends the methodology and is 

enforced on humanoid OS. 

To create a productive paved surface observance system 

accepted by wide user community, it's vital to form it engaging 

for the users - to produce intercalary worthwhile not a big 

method overhead. Therefore, the power for the system to hold 

out traffic observance would function Associate in Nursing 

incentive by providing time period traffic info collected by 

democratic sensing approach to participants. moreover, many 

researches with high positive ends up in hollow detection are 

distributed. as an example, [10] achieved ninetieth true 

positives with real world knowledge and [1] represented 

strategies to a lot of with efficiency monitor road traffic 

conditions exploitation machine learning techniques in situ of 

threshold based mostly heuristics. Despite this, disturbingly few 

studies have been done around utilizing the processed 

knowledge for social or economic profit. Thus, as an extra 

incentive for voters this analysis makes use of processed 

measuring system knowledge to modify road users stop hollows 

whereas driving including giving time period info on road 

traffic within the development of Associate in Nursing 

automatic and time period pothole detection and traffic 

observance system exploitation smartphone technology by 

applying computer science.  
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2. Connected Work 

A. Methods Using Specialized Sensors  

Proposed in [7] could be a distributed mobile sensing element 

ADP system referred to as corporate trust. this method includes 

a collection of sensors put in in vehicles to gather and method 

information and send it to portal primarily based upon the 

continual queries that area unit processed by continuous 

question processor on remote nodes. It uses sensors like GPS 

for watching the movements of vehicles. corporate trust 

includes, CarNet, a networking stack that uses expedient  

affiliation (e.g. WIFI, Bluetooth) to transfer info between portal 

and remote nodes. This info will be used for varied applications 

like time of travel, route designing. corporate trust presently 

doesn't provide the simplest way to mixture info gathered across 

completely different users and it doesn't embody machine 

learning; it simply replies to the queries primarily based upon 

the info keep in computer database. chuckhole Patrol system as 

delineate in [4] uses 3-axis measuring instrument and GPS 

mounted on the dashboard to watch paved surface. It not solely 

identifies potholes however additionally differentiate potholes 

from alternative road anomalies. It collects the signals 

mistreatment measuring instrument. It uses machine-learning  

algorithms to spot potholes. These signals area unit then well-

versed a series of signal process filters, wherever every filter is 

meant in such the simplest way that it'll reject one or additional 

non-pothole events (manholes, enlargement joints, railroad  

crossing). For coaching the machine, it uses a threshold worth 

to classify potholes primarily based upon search over values of 

every parameter and computes a detector score, that is to be 

maximized. It additionally classifies the info by location to 

filter misclassified events. It uses associate external GPS to 

notice the placement of potholes. this method provides a false 

positive rate of but zero.2% in controlled experiments. 

B. Methods Using Smartphone Sensors  

The methodology delineated in [11] uses mobile smartphone 

to watch road and traffic conditions. It detects potholes, 

braking, bumps and honks victimization measuring device, 

microphone, GSM radio and GPS sensors gift in smartphones. 

It uses triggered sensing wherever a high energy-consuming 

detector e.g. GPS, microphone, is activated by an occasional 

energy-consuming detector e.g. measuring device, or cellular 

radio creating the system energy economical. The strongest 

signal (SS)-based localization algorithmic program was 

employed in this analysis so the relevant location is labeled with  

perceived info like honking or bump, and also the researchers 

used GSM radios for energy-efficient localization. this method 

uses smartphone and its embedded measuring device to 

discover the varied events. The phone will lie at any discretional 

orientation and, hence, it’s embedded measuring device. 

Therefore, it should be familiarized on the vehicle’s axis before 

analyzing the signals. this method uses Associate in Nursing 

algorithmic program primarily based upon mathematician  

angles for reorientation. The detector is nearly turned on the 

vehicle’s axis victimization pre-rotation, tilt and post rotation 

angles (Euler angles). The post-rotation angle is calculated 

victimization GPS, thus to avoid additional energy 

consumption the pre-rotation and tilt angles square measure 

monitored incessantly and whenever there's any vital 

modification in these angles, GPS is turned on and reorientation 

method is completed once more. It detects the braking event by 

analyzing the y-value of measuring device. If price the worth} 

is higher than a precise threshold value then, it'll show as a 

braking event. Furthermore, when analysis, Mohan, P et.al in 

[11] report a false negative rate of 4-11% for braking event, 

having developed the system to differentiate between stop-and-

go traffic and pedestrians primarily based upon the magnitude 

and frequency of the values of measuring device. It detects 

bump primarily based upon the z-value of measuring device. It 

provides 2 heuristics primarily based upon the speed of the 

vehicle. If speed is bigger than 25kmph, it uses z-peak heuristic 

wherever a spike on z-value higher than a particular threshold 

is assessed as a bump. At low speed, z-sus heuristic is employed 

that detects a sustained dip in z-value for a minimum of 20ms . 

It provides a false positive rate of but 100% and false negative 

rate between 20-30%. It conjointly detects the honks 

victimization the mike gift in smartphone. the quantity of honks 

detected is shipped to the server. The honk detector performs a 

separate Fourier remodel and detects the frequency domain  

spikes. It detects a honk if the spike is between a pair of.5 kc to 

four kc. 

[10], projected a system that uses automaton OS primarily  

based smartphones having measuring device detector for 

detection of potholes in time period. this method detects events 

in time period and collects the info for off-line post-processing. 

the info is collected victimization 3-axis measuring device 

detector gift in Smartphones. they need projected four 

algorithms for detection of potholes. the primary 2 algorithms  

(ZTHRESH and Z-DIFF) square measure for time period 

detection and also the different 2 (STDEV (Z) and GZERO) 

square measure used for off-line post-processing of 

information. ZTHRESH algorithmic program classifies the 

measurements primarily based upon the values higher than 

specific intensity level for characteristic the sort of hollow 

(small hollow, cluster of potholes, massive potholes). 

Abbreviations and Acronyms. 

C. Findings 

Most of the above-described strategies have used measuring 

device and GPS for knowledge assortment. a number of these 

strategies have additionally used machine-learning algorithms  

to incorporate self-calibration practicality within the system. 

Hull, B et.al in [7], 1st used smartphone sensors to induce the 

tri-axial acceleration, and geocoordinates of the vehicle, and 

used calculus in detection road conditions wherever the others 

either used machine learning or threshold-based heuristics. 

Mohan, Patel in [11], was the primary documented system 

mistreatment smartphone sensors to implement a virtual re-

orientation however did therefore mis treatment Euler’s angles 

with knowledge from the measuring device alone whereas [1], 

additionally created use of the magnetic vector values obtained 

from the meter detector [10], was the documented pioneer in 

time period detection of road conditions and this was created 
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attainable and effective with their classification algorithms: Z-

Diff and Z-Thresh. 

Looking closely, one wouldn't however notice the trend 

during this analysis area; the evolution from put in sensors in 

vehicles to mistreatment sensors in smartphones, threshold-

based detection to mistreatment machine learning approaches, 

post process to time period detection. of these are galvanized by 

the increase of mobile and detector technology and this analysis 

aims to maximize the potential during this technology to 

develop a system employing a hybrid mixture of the simplest 

approaches used in previous analysis, and introduces improved 

techniques to achieve the analysis goal. 

3. Methodology 

A. Software Development Methodology  

The Software development approach used in the research 

was the Feature driven development (FDD), which is a client-

centric, architecture-centric, and pragmatic software process. 

Features, as the name implies, are an important aspect of FDD. 

A feature is a small, client-valued function expressed in the 

form action result object and the various features of the 

proposed system are highlighted and discussed in the following 

section.  

B. Activity Diagram 

 

 
Fig. 1.  Feature driven development model 

C. Features  

1. Learn to identify potholes & detect road conditions.  

2. Infer when the user is driving.  

3. Determine the 3-axis acceleration, and magnetic 

vectors using the accelerometer and magnetometer 

sensors in device. 4. Determine the geo-location of 

the user in real-time while driving using GPS.  

4. Detect a braking event from sensed tri-axial data 

obtained while the user was driving.  

5. Detect a speed breaker from sensed tri-axial data 

obtained while the user was driving.  

6. Use triggered sensing to save the users power  

7. Send pothole, sensor data, and braking event data to 

a central web server.  

8. Re-orient virtually, the device to minimize error in 

sensor data. 

9. Populate a crowd map and heat map with traffic and 

pothole data on the web application residing on the 

web server in real-time.  

10. Send aggregated data to mobile application using 

REST on request.  

11. Populate a crowd map on the mobile application with  

pothole data. 

D. Proposed System Model  

The proposed system consists of 8 (eight) core modules: the 

virtual re-orientation module, the sensing module, threshold 

computing module, the artificial learning module, which 

powers the pothole visualization/prevention module, the road 

condition detection module, the traffic information module, and 

the data aggregation module. 

 

 
Fig. 2.  Sensing module activity diagram  

 

 
Fig. 3.  Virtual reorientation module activity diagram  

 

 
Fig. 4.  Threshold Computing Module  

 

 
Fig. 5.  Road Condition Detection Module Activity Diagram  

 

 
Fig. 6.  Data Aggregation Module Activity Diagram  

 

 
Fig. 7.  Traffic Visualization Module Activity Diagram  

 

 
Fig. 8.  Pothole Visualization Module Activity Diagram  
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E. Analysis of the Various Modules Involved  

1) Sensing Module  

The Sensing module is central to the entire system, as its 

output is what the rest of the system acts on. This module is 

responsible for getting the needed parameters from the various 

sensors being used in the smartphone by the system such as the 

GPS coordinates from the GPS, the 3-axis acceleration values 

from the accelerometer, the magnetic vector from the 

magnetometer, Network information from radio sensors. The 

module is also for triggered sensing where the high power 

sensors are triggered only when the low power sensors needs to 

be complemented or when needed.  

2) Virtual Re-Orientation Module  

The 3-axis parameters obtained from the accelerometer are 

largely affected by the angle of inclination or position of the 

device. As such, this can lead to errors in the values especially 

because users cannot be controlled over how or where to place 

their phones. Introducing the magnetometer, we would get the 

magnetic gravity vectors, which is then combined with the 

3axis values and used to compute the correct orientation of the 

device, hence, the name “virtual” re-orientation. This module is 

responsible for carrying out the virtual re-orientation operation 

using the algorithm in the following subsection.  

3) Virtual Re-Orientation Algorithm  

1. Get Rotation Matrix supported the gravity and 

magnetic vectors 

2. Invert Rotation Matrix  

3. Get Linear Acceleration Vectors in Device reference 

frame 

4. Multiply Rotation Matrix by linear acceleration 

vector. 

4) Threshold Computing Module 

The characteristic of the measuring device knowledge 

changes with surroundings configuration. particularly, the 

vehicle, the mobile device and therefore the nature of the road 

have an effect on the characteristics of the detector knowledge. 

thanks to this variation in characteristic, the accuracy of the 

system with fastened thresholds would be lower once tested 

below totally different conditions. The threshold-computing 

module is liable for decisive the values that is boundary for the 

vehicle state being classified as a bump, pothole, braking event, 

or anomaly. As opposition heuristics based mostly approaches 

utilized in some previous analysis, the module uses K-means  

clump algorithmic rule to classify the incoming stream of 

measuring device knowledge into categories based mostly upon 

the options gift within the knowledge itself, associate degreed 

produces associate degree output that is an input for the 

synthetic learning module. this may create the classification 

additional sturdy to changes within the surroundings. 

5) Road Condition Detection Module  

The road condition detection module is where the actual 

prediction of the vehicle state is performed based on the real-

time sensor information that is passed to the learning module. 

The module is also responsible for providing input for the data 

aggregation module where all the data is stored, and works with  

the sensing module to enable geo-spatial information attached 

to the data.  

6) Pothole Visualization/Prevention Module  

The pothole prevention module is responsible for deriving 

value for the user that is, using the aggregated road condition 

data to visualize the state of road networks the user is interested 

in. This module controls the crowd map on the mobile and web 

applications using pothole data, and provides an interface for 

other exposing the data to other developers as well.  

7) Traffic Data Module  

Similar to the visualization module, the traffic data module 

gets information concerning traffic data (braking event data) 

from the road condition detection module and provides the user 

with data on period traffic employing a heat map visualization  

tool on the online app. The module conjointly exposes 

Associate in Nursing interface exploitation REST for different  

applications to consume the information.  

8) Data Information Module.  

As the name implies information, aggregation module is a 

warehouse for all the relevant data collective from numerous 

elements of the system. Pothole, and Traffic, information  

square measure holds on in an exceedingly information store 

for simple retrieval. the information aggregation module uses a 

backend service called analyze, that is an internet information  

store accessed exploitation REST API calls.  

4. Results and Discussion  

A. Interface Design   

1) Mobile Application   

Figure 11 shows the design of the Main Fragment of the first  

and only activity in the Android app. This view allows the user 

to start the background sensing, activity recognition, and data 

sending service by clicking a button labeled ‘start service’. 

When this button is clicked the services are started and the label 

changes.  Android services allow an application to execute tasks 

without a UI, and the app uses broadcast receivers to trigger the 

sensing module service when it discovers that the user is driving 

from another service called the Activity Recognition Service.  

Figure 12 shows the design of the Map Fragment of the main  

activity. The view displays a map powered by Google maps api 

a third party map library based on open street maps when the 

user clicks on the button labeled ‘pothole map’. The markers on 

the map represent pothole locations, which are obtained from 

the data aggregation module. 

B. Web Application 

 
Fig. 9.  UI and user details  
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Fig. 10.  Screen grab of Pothole Map Page  

C. Results  

1) Evaluating the Virtual Reorientation Algorithm  

 

 
Fig. 11.  Charts of tri-axial sensor values before reorientation  

 

 
Fig. 12.  Charts of tri-axial sensor values after reorientation  

  

The importance of reorienting the values obtained from the 

accelerometer as tri-axial acceleration values is because they 

represent values in the devices coordinate system, however 

what is important to this research is the tri-axial values of the 

moving vehicle, which is the world’s coordinate system, thus 

the need for virtual reorientation. Figure 4.5 shows the variation 

of the tri-axial values over a continuous period of time in the 

device’s coordinate system, while Figure 4.6 shows the same 

values in the world’s coordinate system, which the moving 

vehicle is in.  

D. System Evaluation  

This section defines and describes the system necessities and 

useful necessities essential for the system. The system is  

intended and developed to satisfy system and useful necessities 

fixed, and of itself this section is to hold out an analysis of the 

system to confirm its effectiveness in detective work road 

conditions and watching traffic. the most objective of winding  

up this analysis is to verify however well the system fulfills the 

meant objectives. 

1) Functionality  

The choice of the automaton platform for the mobile 

consumer permits for Associate in Nursing application that has 

native and full access to the device resources like having the 

ability to run processes within the background, use high-end 

sensors and network access. this permits the software system to 

satisfy all of the useful necessities. per se within the event that 

the user begins to drive, if the background method is activated, 

a broadcast is distributed to start out sensing tri-axial values. 

This triggered sensing approach permits for conservation of 

energy of the device. The system conjointly will an honest job 

at representing the potholes exploitation markers and maps. 

2) System Reliability  

The system performs to expectation with the desired 

resources and functions faithfully beneath completely different  

conditions. for instance, if there's no net, sensing is done, but 

the info is written to a CSV (comma separated variable) file and 

would be sent on consequent try in human action with the server 

once net access is established. 

E. Performance  

1) Measurement Accuracy against the test dataset.  

2) Installation Ease  

The system can be easily deployed and installed, as  the only 

requirement for users is to install an APK (Android package) 

file on their devices with a minimum Android operating system 

version 4.0.3.  

3) Operations and Maintenance Ease  

Being designed to be user- friendly, and uncomplicated, the 

system is easy to operate and does not require any technical 

expertise as such it mitigates the possibility of a mistake when 

using it. The mobile application provides two (2) simple 

buttons. The first to start/stop the background service and the 

other to view the pothole map.  

4) Portability  

Another advantage of running the mobile application on the 

Android OS is the portability. The same application can be 

made to run on different hardware and or version of software 

without losing/undermining its capabilities.  

5) Adaptability  

Due to the diversity of Android based devices, there is no 

consensus on hardware requirements as such, the capabilities of 

the sensor may differ across varying devices, this might lead to 

a lack of uniformity in the data that is being sensed by multiple 

devices. Crowdsourcing however reduces the lack of accuracy. 

In other words, at a certain point the number of data sources 

becomes inversely proportional to the error due to adaptability.  

6) Cost  

There is no need for extra hardware to aid sensing in the 

proposed system; as such it provides a low cost and effective 

approach to participatory road condition sensing.  

Table 1 
Evaluation report of SVM classifier training  

Measurement  Pothole Dataset  Speed breaker dataset  
Accuracy  100%  100%  

F-score  100%  100%  

Recall  100%  100%  

Precision  100%  100%  

Size  33434  33434  
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5. Conclusion and Future Work 

This project describes and implements a period hole 

detection and traffic observation system, and has been able to 

harness Smartphone sensors to resolve a world challenge, apply 

Machine learning to a true world downside and develop an 

ascendable, reliable system driven by the ability of 

crowdsourcing. The challenge embedded in transportation as 

elaborated within the introduction resulting in this analysis, has 

been shown to be important. but as technology advances, and 

penetration rises, such challenges are resolvable with simply  

accessible tools as shown with the event of this method. 

A. Recommendations for future work  

Based on the work carried out in implementation of the real 

automatic pothole detection and traffic monitoring system, the 

following recommendations are made:  

 A bigger and additional representative take a look at 

knowledge should be collected to concretely measure 

such a system as this. 

 It's required to get traffic exposure knowledge to 

accurately assess the present challenge of road traffic 

anomalies accidents. 

 There's ought to get correlation knowledge between 

the transport sector and alternative sectors of the 

economy therefore on accurately and figuratively  

describe the impact of road traffic anomalies and 

congestion has on the economy generally. 

 Additional economical tool for representing traffic 

flow that would visualize traffic accurately on specific 

routes as against the radial approach applied during 

this project ought to be developed. 

As with any body of work, an area for improvement doesn't 

stop to exist thus, the scientist needs that these 

recommendations would function a basis for more analysis 

particularly within the space of road condition detection and 

traffic observation towards a lot of improved technique. 
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