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Abstract

With the advancement of telematics and intelligent transportation systems, the need for real-time
monitoring of vehicle performance and location has become increasingly critical, particularly for large
fleet operations. This paper presents the design and implementation of a real-time fleet tracking and
diagnostic system that integrates Controller Area Network (CAN) bus communication with Global
Positioning System (GPS) technology. The proposed system acquires essential vehicular parameters—
including engine speed (RPM), coolant temperature, vehicle speed, fuel level, and diagnostic trouble
codes—directly from the vehicle’s electronic control units via the CAN protocol. Concurrently, GPS data
provides continuous location updates. All information is transmitted to a centralized server using wireless
communication (e.g., GSM/4G) for real-time visualization and analysis via a web-based dashboard.

To enhance safety and regulatory compliance, particularly in the Indian automotive context, the system
incorporates ARAI-compliant alert mechanisms. These alerts are triggered by predefined thresholds such
as over speeding, harsh braking, and engine fault conditions. The system architecture is modular and
scalable, allowing integration across various vehicle types and fleet sizes. Experimental validation
demonstrates the effectiveness of the system in improving operational efficiency, proactive maintenance,
and fleet safety. This work contributes a comprehensive, cost-effective solution for vehicle telematics and
diagnostics within the domain of intelligent transportation systems.

Keywords: Fleet management, CAN bus, GPS tracking, vehicle diagnostics, intelligent transportation
system (ITS), telematics, real-time monitoring.

Introduction

In the era of intelligent transportation systems and digital transformation, fleet management is undergoing
a paradigm shift from traditional tracking methods to advanced, data-driven solutions. Logistics companies,
public transport operators, and private fleet managers are increasingly seeking comprehensive systems that
not only track vehicle movement but also monitor the internal health of the vehicle in real time. This
research addresses these needs through the development of a Real-Time Fleet Tracking and Diagnostic
System that integrates Controller Area Network (CAN) bus communication and Global Positioning
System (GPS) tracking, analysed and visualized through powerful Python tools.

The CAN bus, a robust vehicle communication standard widely used in modern automotive systems,
enables access to internal electronic control units (ECUs) without the need for invasive hardware
modifications. This allows the system to gather real-time data such as engine RPM, vehicle speed, fuel
level, throttle position, coolant temperature, and diagnostic trouble codes (DTCs), providing insights into
the operational status of the vehicle. When combined with GPS data, which provides precise location
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coordinates, the system enables synchronized tracking and diagnostics, allowing fleet managers to identify
not only where a vehicle is, but also -ow well it is performing.

To handle and analyse this data effectively, Python programming was used as the backbone of the data
processing pipeline. Libraries such as python-can, pandas, and matplotlib were employed to parse CAN
messages, filter relevant parameters, and visualize trends such as speed profiles, engine load over time, and
frequency of faults. This analysis supports predictive maintenance and performance benchmarking,
reducing downtime and repair costs.

On the location-tracking front, Folium, a Python library built on top of Leaflet.js, was used to create
interactive web-based maps that visualize GPS data. With Folium, vehicle routes are plotted dynamically,
enabling route replay, hotspot identification (e.g., frequent stops or idling zones), and geofencing
capabilities. This geographic visualization enhances decision-making in route planning, driver behaviour
analysis, and real-time alerts for deviations from predefined paths.

This system is designed with modularity in mind, making it adaptable to different vehicle platforms and
fleet sizes. Data from vehicles is transmitted over wireless networks (e.g., GSM or Wi-Fi) to a cloud-based
server, where it can be accessed via a secure dashboard interface. By merging hardware-level diagnostics
with cloud-based telematics and Python-powered analytics, the system delivers a modern solution for
fleet oversight, offering significant improvements in efficiency, safety, and cost management.

System Architecture

The system architecture consists of both hardware and software components integrated to provide real-time
tracking and diagnostics of vehicles. The design is modular and scalable, allowing deployment across
multiple vehicle types and environments.

1.1 Hardware Components

The real-time fleet tracking and diagnostic system is built using a robust selection of high-performance
hardware modules to ensure accurate data acquisition, real-time processing, and reliable communication.
The components used in the system are as follows:

1. Microcontroller Unit (MCU):

Microchip PIC32MZ1024EFG100-I/PT

This 32-bit MCU belongs to the PIC32 EF family and features a high-performance MIPS core with a
dedicated Floating-Point Unit (FPU). It is specifically designed to handle complex tasks such as audio
processing and graphical user interfaces. The MCU supports High-Speed USB and Ethernet connectivity,
making it suitable for real-time communication with external systems and servers. Its extensive analog
capabilities, large flash memory (I MB), and multiple I/O ports make it the central control unit for
managing both CAN and GPS data streams.

2. CAN Transceiver:

Texas Instruments TCAN1042HVDRQ1

This CAN transceiver is compliant with ISO 11898-2:2016 and supports CAN FD (Flexible Data-rate)
networks up to 2 Mbps. Variants with a “G” suffix can operate at speeds up to 5 Mbps, allowing higher
data throughput for complex diagnostics. The TCAN1042HVDRQI is used to establish communication
between the microcontroller and the vehicle’s Controller Area Network (CAN) bus, enabling access to
various vehicle parameters and diagnostic information.

3. GPS Module:

Telit SL869T3-1

The SL869T3-1 is a high-performance GPS module that provides accurate real-time geolocation data,
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including latitude, longitude, speed, and timestamp. Its small form factor and low power consumption make
it ideal for embedded automotive applications. The module supports multiple GNSS systems (GPS,
GLONASS, Galileo), enhancing positioning accuracy and reliability even in urban environments.

4. Wireless Communication Module:

AGS2-E

The AGS2-E module facilitates wireless data transmission from the onboard unit to a remote server or
cloud platform. It supports various communication protocols over GSM/3G/4G networks, allowing for real-
time fleet tracking and remote diagnostics. The module ensures continuous connectivity, even in mobile
and geographically dispersed environments.

5. Power Supply Unit (PSU):

The PSU is responsible for converting the vehicle’s standard power supply (typically 12V or 24V) to logic-
level voltages (3.3V or 5V) required by the microcontroller and peripheral components. A well-regulated
supply ensures protection against voltage spikes, overcurrent, and short circuits, which are common in
automotive electrical systems.

6. 3-Axis Accelerometer and Gyroscope:

Bosch SMI130

The SMI130 combines a 16-bit digital gyroscope and a 12-bit digital accelerometer in a compact package.
It offers programmable measurement ranges and is capable of detecting motion, orientation, and shock
events. This sensor plays a crucial role in driver behavior analysis and accident detection by capturing
dynamic motion patterns such as harsh braking, sharp turns, and collisions.

Block diagram of the system:
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1.2 Signal/Data Flow Description

The data flow between major components explained below:

1. Vehicle ECU — CAN Bus

The vehicle's Electronic Control Unit (ECU) continuously generates diagnostic and performance data (e.g.,
RPM, temperature, speed). This data is placed on the CAN bus for communication among onboard systems.
2. CAN Bus — CAN Transceiver

The CAN transceiver listens to the CAN bus and converts the differential CAN signals into standard digital
logic levels. It acts as the interface between the vehicle’s CAN network and the microcontroller.

3. CAN Transceiver — Microcontroller
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The microcontroller receives decoded CAN messages via SPI or UART from the CAN transceiver. It parses
the messages, extracts key data fields (e.g., engine temperature, fuel level), and stores them in memory
buffers.

4. GPS Module — Microcontroller

The GPS module sends real-time NMEA data strings over a serial (UART) connection. The microcontroller
decodes this data to extract latitude, longitude, time, and speed.

5. Accelerometer and Gyroscope — Microcontroller

The SMI130 sensor communicates with the microcontroller via I2C or SPI. It provides motion-related data
(e.g., acceleration, angular velocity), used for detecting harsh driving or accidents.

6. Microcontroller — Wireless Module

The microcontroller formats CAN + GPS + IMU data into a packet (e.g., JSON or CSV format). The packet
is sent over UART or SPI to the wireless module, which handles the transmission.

7. Wireless Module — Remote Server / Cloud

The AGS2-E module transmits the data using GSM/4G protocols to a remote server over the internet. Data
can be sent using HTTP POST, MQTT, or WebSocket protocols.

8. Remote Server — Data Processing

The backend receives the data and stores it in a relational database (e.g., PostgreSQL). Python scripts use
libraries such as: python-can to decode CAN message logs

e pandas for processing and analysing numerical data

o folium for GPS data mapping

o matplotlib for plotting diagnostics and trends

oMoy,

GPS Mocule

\\Q’)

m .

1.3 Software Stack

1. Embedded Software:

Written in C, it handles Reading CAN messages (engine RPM, speed, fuel level, etc.), Parsing GPS
coordinates, Formatting and sending data via 2G/4G.

2. Backend Server:

A Python-based server receives data via HTTP or MQTT and stores it in a structured database.

3. Data Analysis Tools:

Python libraries:

¢ python-can for CAN data parsing

e pandas and matplotlib for time-series analysis
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e folium for real-time GPS visualization on maps
4. Software Block diagram
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Methodology

1. Data Acquisition

The microcontroller continuously listens on the CAN bus using the MCP2515 interface. Selected CAN Id
(Parameter IDs) such as engine RPM, vehicle speed, fuel level, and coolant temperature are polled.
Simultaneously, the GPS module provides NMEA sentences (e.g., GPGGA, RMC) from which latitude,
longitude, and time are extracted.

2. Data Packaging and Transmission

CAN and GPS data are formatted into CSV structure. This data is transmitted at fixed intervals every 60
seconds) using the GSM module to a remote backend server.

3. Data Storage and Processing

The server receives data and stores it in a time-stamped format. CAN data is cleaned, parsed, and saved as
structured tables. GPS data is extracted and stored with geolocation coordinates.

4. Diagnostic Analysis (Python)

CAN Data: Fault detection based on thresholds (e.g., high engine temperature). Pattern recognition to
identify unusual behaviour (e.g., frequent braking, over-revving). Visualization using matplotlib and
seaborn.

GPS Data: Vehicle routes are plotted using folium. Markers, polylines, and heatmaps indicate real-time
location and movement history. Custom overlays like geofences or stop zones can be added.

5. Alerts and Notifications

Based on diagnostic results (e.g., high engine load, critical errors), the system can trigger SMS/email alerts.
Alerts can be configured using Python scripts with integration to services like Twilio or Firebase.

6. Evaluation and Testing

The system is deployed on test vehicles.

Data is collected during various drive cycles and evaluated for accuracy, latency, and reliability.

Fault conditions are simulated to verify alert and diagnostic functionality.
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Packet Formats

1. LOC-Packet GPS Coordinates using Folium

A Location (LOC) Packet in automotive testing, particularly in ARAI or related vehicle certification
systems, refers to a data structure that contains real-time or logged GPS-based location data of a test vehicle.

Location Packet

Field Description

Start Character  ||Start of the packet

Unique ID of the Vehicle
(IMEI Number)

Device Id

Sequence Number of the

S Numb
equence Number acket

Latitude in decimal degrees -

Latitude
dd.mmmmmm format

Longitude in decimal degrees -

L it
ongitude dd.mmmmmm format

Time value as per GPS date
time in UTC format (hhmmss)

Speed of Vehicle as Calculated
by GPS module in VLT. (in
km/hrs.) (Upto One Decimal
Value)

GPS Odometer of the Vehicle
Odo

Live Live or History Packet

Timestamp

GPS Speed

GPS Odometer

Number of satellites used in

Satellites Used the GPS fix
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2. Alert -Packets using Python Pandas

Field Description

Start Character Start of the packet

Header Identifier for the packet
Vendor ID Vendor identification header

) . Version details of the
Firmware Version
firmware used

Specifies the type of packet
Examples: NR = Normal,

Packet T
acket 1ype EA = Emergency Alert, TA
= Tamper Alert, etc.
Packet Status L = Live, H = History
IMEL Unique 15-digit identifier of

sending unit

Vehicle Reg. No Mapped vehicle registration|

number
GPS Fix 1 = GPS fix, 0 = Invalid
Date GPS date (DDMMYYYY)
Time GPS time (hhmmss, UTC)
Latitude Decimal degrees (=6 places)
Latitude Dir Direction: N = North, S =
South
Longitude Decimal degrees (=6 places)
Direction: E = East, W =
Longitude Di ’
ongitude Dir West
Speed Velﬁcle speed (km/h, 1
decimal)
Heading Course over ground
(degrees)
No of Satellites Satellites used in GPS fix
Altitude Altitude in meters
PDOP POSl‘Fl(?nal Dilution of
Precision
HDOP HOI‘I'Z(')I’ltal Dilution  of]
Precision
N f bil twork
Network Operator ame b mobtie nehwor

operator
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Field Description
Ignition 1 = Ignition On, 0 = Off
0 = Vehicle battery
Main Power Status ||disconnected, 1 =
Reconnected

Main Input Voltage||Source voltage (in volts)

Internal Battery||Internal battery voltage (in

Voltage volts)
Emergency Status ||I = On, 0 = Off
Tamper Alert C = Cover Closed, O = Open|
Stil:\r/fgth Signal Signal strength (0-31)
MCC Mobile Country Code
MNC Mobile Network Code
LAC Location Area Code (Hex)
Cell ID GSM Cell ID
Network Measurement
NMR Report — Neighbouring cells’
info

Digital Input Status |4 external digital input status

Digital Output||2 external digital output
Status status

Frame Number | >cduence number (000001

999999)
Checksum zglll)it(il(a)l:leasl) data  integrity
End Character Indicates end of the frame
3. CAN -Packets using Python Pandas
Field Description
Message Type Type of message
Device ID Unique ID of the sending device
Sequence Number Message sequence identifier
Latitude GPS latitude (decimal degrees)
Longitude GPS longitude (decimal degrees)
UTC Coordinated Universal Time (hhmmss)
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Field Description

HRLFC High Resolution Low Frequency Clock
Sweet Spot Indicates if engine is in sweet spot RPM
Top Gear Indicates if top gear is engaged
Sweet Spot Percent % of operation in sweet spot RPM
Seconds Second (from timestamp)

Minute Minute (from timestamp)

Hour Hour (from timestamp)

Month Month of transmission

Day Day of the month

Year Year

Minute Offset Time offset in minutes

Hour Offset Time offset in hours

Total Distance Cumulative distance travelled (in km)
Fuel Level Fuel level in percentage or litres
Amber Warning Lamp |1 = On, 0 = Off

Red Stop Lamp 1 =0n, 0=Off

Malfunction Lamp 1 =0n, 0=Off

Flash Mal Function Lamp||1 = Flashing, 0 = Off

SPNLSB Suspect Parameter Number (Least Significant Byte)
SPN8 2ndByte SPN Middle Byte

Failure Mode Failure mode indicator (FMI)

SPN3 MSB SPN Most Significant Byte
Occurrence Count Number of times the fault occurred
CCA Calibration Condition A

CCES Calibration Condition ES

CCSS Calibration Condition SS

Engine Speed Engine speed in RPM

Engine Start Mode Start mode (Auto, Manual)

Engine Operating Hours ||[Engine run-time in hours

Power Key Pos Power key position (Off, On, Start)
Acc Pedal Idel Switch  ||Accelerator idle switch status
Vehicle Speed Vehicle speed in km/h

Controller Trim Mode  ||[ECU trim mode
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Field Description

Engine Oil Pressure Pressure in kPa or bar

Engine Coolant Temp Coolant temperature (°C)

Acc Pedal Position Accelerator pedal position (%)
Trip Fuel Fuel used in trip (litres)

Live Live packet (1 = yes, 0 = stored)
Ignition Status 1 =0On, 0 = Off

End Character End of message indicator

Results and Discussion
1. Code flow after downloading Server feed Logs and doing analysis.

( start:main( )
Prompt user to select file
using ﬁledlalog

If file ends with ".gz",
extract..gz file
Else use selected fil

Split input file mto feed log CSV file
-’ feedlogfiles = = CVSfileseperation() |

v
For each CSV file in feedlogfiles:
1. Extract IME| from filename
2. result = filter_data()
| 3. packet_lists, timestamps + result
!
Extract individual packet types:
— extract_packet_lists
(packet lists)
!
Get IME| and DATE from per_list
- per_packets_IME|_Date()
v

[ Generate analysis tables:
-+ generate_analysis tables...
{Optionally: Excel with resultsinks)

v
(" Retum from main() *———

IJSAT25036895 Volume 16, Issue 3, July-September 2025 10



https://www.ijsat.org/

”j‘- International Journal on Science and Technology (IJSAT)
-

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

2. MAP from LOC packets using folium from downloaded Server feed Logs.
The sample data taken from the travel bus from Chennai to Pattukkottai, Tamil nadu and using LOC packet
GPS Co ordinates plotted map using python.

3. GPS Data was analysed using PERIODIC packet of ARAI format using from downloaded Server

feed Logs.
R R R RN RN R RPN RPN RN RN RN RRRRPRRRIRRRRRRRIRIRRIRRIRIIINTY
Pazitioning Brror ®ate (PER! Report

iening
L R R R R R T

VIR Pure | va
| ‘43¢
| 928
| | 0
| | 5.0
| | 402
| | a4
| 1 1'% e |
1 q
| >
g | i
T
Perfec: BC

4. Alerts from Vehicle are captured and analysed from downloaded Server feed Logs.

Type of Alerts | Descelptlor | couwt | mive | nistosy |
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5. CAN data like Vehicle Speed, Engine RPM, Total Distance , Fuel Level, and other parameters are
analysed using Server feed Logs.

S e A A L O A A s A

HRLEFC (Maximum)
EngineStartMode
Maximum EngineOperatingHours

Second Minimum EnginedperatingHours
Total EngineOperating Time (Mins)

TripFuel (Maximum)
WaterIinFuellndicator
AmbientBarometricPre
Ambisnttemperature
EngCoolantlevel
ClutchONTime

BrakxeCNTims
DistanceinPowerMode
FuelinFowerMode
DistanceinECOMods
FuelinECOMOde
DistanceinECOFlusiMode
FuelinECOPlusMOde
DistanceinSweetrSpotAcheived
FuelinSweetSpotAcheived
DistanceinCruiseMode
FuelinCruiseMode
Tim=inPowerMode
TimeinECOMCde
TimeinECOPlusMOde
TimeinSwestSpotAcheivedMode
TimeinCruiseMode
Engine_tctal idle fuel used
Engine Totaltime Idle Hours
AppliedVehicleSpoedLimit
Primary brake Pressure
Secondary brake Pressyre
CAN Latitude (Max)

CAN Longitude (Max)
TotalDistance (Maximum)
Fuelievel (Maximum}
EnginaeSpaed (Maximum)
VehicleSpaed (Maximum)
EngineQilPressure (Maximum)
EngineCoclantTemp (Maximum)
Distance_inLowACMode (Max)
EngineHours inLowACMode (Max)
Distance_inHighACMode (Max)
EngineHours_inHighACMode {Max)
Distance inACMode (Max)
EngineMours inACMods (Max)
ChslOxicatIntkGastmp
DsloxicatOutkGastmp
CatlistUpstrmTmp
InletNoxConcentration
OutletNoxConcentration
Intakeairsemperature
TransmissionCurrentGear
ReverseGear

MultimodeSwitchstatusPOWER ECO ECOPULS

Engine0ilTemperature
SoftwareVersion

43599.44 |
3 |
4174.95 |
4166,4 |
513.0 |
1024.00 |
3 |
1062.00 |
51.00000 |
102.00 |
6000 |
6000 |
141425.00 |
34561.512 |
17425.00 |
4220.558 |
15303.00 |
4817,014 |
142833.37 |
32656,002 |
45.50 |
5.500 |
10B4E7.50 |
407.80 |
459.25 |
2267.30 |
0.00 |
1256.00 |
€90.05 |
o |
1000 |
igoo |
13.07284 |
80.25%30 |
178158.1% |
76.80 |
1735.50 |
B6.57 |
408 |
9s |
N/A |
N/A |
N/A |
N/A |
N/A |
N/A |
0.00000 |
350.187S0 |
383.10001 |
3076€.75 |
30786.75 |
215 |
0 |
0 |
o |
311.1875 |
HA |
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6. Finally we doing the latency of the server, that no of packets reached to Cloud from the device,
ideally with 10s, the data should reach to server.

T
‘ Barver Latanoy Analysis

rver Latency Analysi
R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R A A R R AR AR R ARt L]

Conclusion

Using server feed logs, we can effectively analyze various aspects of vehicle telemetry using Python. This
includes decoding and interpreting CAN data, processing periodic data such as speed and odometer
readings, tracking the live GPS location of the bus on a map, and measuring server latency to evaluate
communication delays. These insights help in monitoring vehicle performance, ensuring timely diagnostics,
and improving overall fleet management efficiency.
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