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Abstract: Modern intelligent transportation systems rely heavily on precise and efficient vehicle tracking to enable real-
time monitoring, traffic management, and theft prevention. However, conventional GPS-based solutions often face
limitations in areas with weak satellite coverage, high signal obstruction, or increased installation and maintenance
costs. Existing alternatives, such as loT-based hardware systems and Blockchain-enabled tracking, attempt to overcome
these drawbacks but still suffer from higher latency, moderate channel utilization, communication overhead, and
restricted location accuracy in dense urban settings. To address these challenges, this research proposed a GPS-Free
Vehicle Tracking System that leverages GSM modules and cell tower triangulation for accurate and cost-effective
vehicle positioning. The methodology incorporates triangulation algorithms that calculate vehicle coordinates using
the signal strengths of multiple nearby towers, while an optimized channel allocation strategy ensures low collision
rate, reduced transmission delay, and high request processing accuracy. Performance evaluation demonstrates that the
proposed model consistently outperforms loT Hardware and Blockchain & loV approaches across all major metrics.
Specifically, the system achieves an overall accuracy of 96.4%, precision of 95.9%, and F1-score of 96.2%, while
maintaining the lowest transmission delay (1.3s) and collision rate (1.0). Furthermore, vehicle location tracking accuracy
reaches 97.1%, validating the robustness of the triangulation approach in GPS-deficient environments. These results
highlight the efficiency, scalability, and dependability of the GPS-Free system, positioning it as a practical and
affordable alternative for real-time vehicle monitoring and fleet management applications, especially in regions with
inconsistent or absent GPS coverage.

Keywords: GPS-Free Vehicle Tracking, GSM Module, Cell Tower Triangulation, Location-Based Services (LBS), loT
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I. INTRODUCTION

Vehicle tracking technologies have become essential in
contemporary transportation, facilitating functions such
as fleet oversight, theft deterrence, ride-hailing, and live
navigation [1]. Traditional tracking methods mainly
depend on the Global Positioning System (GPS) [2].
Although GPS operates effectively in open areas, its
precision and availability significantly deteriorate in

has its own limitations [6]. Tracking based on IMUs is
prone to sensor drift, especially when utilizing
inexpensive consumer-grade sensors [7] [8]. Dead
reckoning increasingly accumulates inaccuracies
because of noisy inputs [9]. Vision-based tracking
demands significant computational power and
consistent lighting conditions, which can render it
impractical in various real-world driving scenarios [10].

difficult environments like tunnels, underground
garages, densely built urban areas, or under multi-
layered flyovers [3]. These barriers frequently lead to
weak or interrupted satellite signals, resulting in loss of
location and inaccurate positioning [4] [5].

To overcome these challenges, researchers have
investigated alternative tracking methods, such as
inertial measurement units (IMUs), dead reckoning, and
vision-based odometry. Nonetheless, each approach

Moreover, hybrid approaches that integrate GPS, IMU,
OBD-Il, and visual odometry tend to be hardware-
heavy, costly, and consume substantial power [11].
While blockchain-enhanced tracking can enhance data
privacy, it also introduces added complexity to the
system and is heavily dependent on reliable internet
access [12]. These issues underscore the necessity for a
cost-effective, energy-efficient, and GPS-independent
solution that can function reliably in environments
where GPS signals are blocked [13].
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In response to these challenges, this research proposed
a novel GPS-free vehicle tracking system that leverages
the existing GSM cellular network to estimate location
using cell tower signal strength and triangulation [14].
Unlike GPS-based systems, this approach relies entirely
on GSM infrastructure, making it effective even in areas
where satellite signals are weak or unavailable [15] [16].

The system employs a SIM80OL GSM module to collect
data from nearby cell towers. This data is then
processed by an ESP32 microcontroller to compute the
vehicle's approximate location [17]. For real-time
remote monitoring, the system uses the lightweight
MQTT protocol to transmit location updates to a cloud
server, enabling convenient and continuous tracking
[18].

A bike battery powers the system, while an IP5306
module provides steady and dependable power control
[19] [20]. Because of this configuration, the system may
function without the need for high-power satellite
receivers or sensors based on smartphones, which
makes it energy-efficient [21]. There are numerous
significant benefits to the GSM-based strategy. When
GPS signals are normally inaccessible, such as in
tunnels,  subterranean spaces, and crowded
metropolitan settings, it operates dependably [22]. It
uses the GSM infrastructure that is already in place and
is inexpensive and energy-efficient [23]. Additionally,
the system offers a more private option to GPS-based
tracking solutions by reducing the need to transmit
personal data [24].

The suggested solution has real-world uses in fleet
management, shared mobility tracking, theft
prevention, personal bike security, and urban micro
transportation monitoring [25] [26]. This GSM-based
GPS-free tracking system improves the security,
usability, and accessibility of real-time vehicle
monitoring by resolving the drawbacks of GPS, IMU,
and vision-based techniques [27]. As a result, it
becomes a practical and effective solution for
contemporary transportation requirements [28] 29].
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1. LITERATURE SURVEY

Ibraheem Kasim et al. [1] proposed a low-cost secure
vehicle tracking system using GPS, Arduino, and XBee.
GPS provides real-time location, Arduino acts as the
processing buffer, and XBee transmits encrypted data
to be displayed on Google Earth [30]. The system is
cost-effective, reliable in both crowded and open areas,
and resistant to interference [31]. However, it faces
limitations like XBee's short range, GPS signal
dependency, and limited scalability for large networks
[32].

Ruipeng Gao et al. [2] presented VeTorch, a
smartphone-based  inertial  sequence learning
framework for GPS-denied environments. It transforms
inertial dynamics from the phone to the vehicle and
uses temporal convolutional networks with federated
learning to adapt to diverse smartphones and drivers
[33]. The framework ensures accuracy and efficiency
while preserving privacy, but it demands significant
training data and introduces computational overhead.

Eunseok Choi and Sekchin Chang et al. [4] proposed a
consumer tracking estimator for vehicles in GPS-free
environments using low-cost IMUs and OBD-Il. The
system employs an Extended Kalman Filter for vehicle
attitude and a Linear KalmanFilter for 3D velocity
estimation [34]. By fusing sensor data, the model
provides reliable tracking without GPS, though drift
may occur over longer durations and its accuracy
depends on sensor quality [35].

Yao Tong et al. [6] developed a smartphone-based
inertial sequence learningmodel with customized
refinement for drivers. It directly learns motion
sequences from inertial data and adapts to differences
in user behaviour and devices [36]. Validated on Di ride-
hailing data, it shows strong scalability and
personalization, but it requires extensive training data
and remains affected by sensor limitations [37].

Puji Valen Crisgar et al. [8] designed an loT-based
tracking and theft detection hardware system. It
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combines OBD-Il, ESP32, SIM800L, Neo-6M GPS, and
MQTT to transmit data to Google loT Core [38]. Tests
showed ~10 m accuracy and 96% detection success,
proving its effectiveness in theft prevention, but the
system depends on GPRS connectivity and continuous
backup power [39].

Hang Zhong et al. [10] proposed a homograph-based
visual servo control scheme for UAVs in GPS-denied
environments. Using a virtual homographic matrix,
online velocity estimation, and nonlinear backstepping
control, it achieves global stability and robustness [40].
Unlike traditional methods, it supports fast
manoeuvring without velocity feedback, but it requires
precise calibration and may fail under poor visibility
[41].

Muhammad Azeem Javed et al. [12] introduced a
constraints-aided filtering framework for accurate 3D
orientation tracking under external accelerations. Using
a Linear Kalman Filter with magnetometer-
accelerometer fusion in a rotation matrix, the system
eliminates acceleration-induced uncertainty[13]. It
works without GPS or wheel encoders and is validated
in dynamic conditions, but its performance can be
degraded by IMU noise and magnetic interference.

Akbari Indra Basuki, et al. [14] also proposed a
constraints-aided  filtering model for vehicle
orientation. Like the previous study, it applies a Linear
Kalman Filter with sensor fusion to ensure robust
estimation in harsh conditions[15]. The design is
capable of handling prolonged accelerations and
maintaining accuracy, but it faces challenges of
computational load and reliance on sensor stability.

W. He, E. L. Tan, E. W. Lee, and T. Y. Li et al. [16]
developed an integrated RFID and GPS solution for
supply chain track and trace[17]. RFID monitors goods
in warehouses, while GPS tracks vehicles in transit, and
the system integrates both with information models
and web services[18]. It provides seamless global
monitoring of cargo and embeds business process data
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with locations, though it is costly and infrastructure
dependent.

B. Shakila et al. [19] proposed a similar RFID + GPS
architecture for logistics. Their model links RFID events
with GPS vehicle data and integrates them into a web-
enabled platform for real-time cargo Vvisibility. This
ensures accurate tracking from dispatch to delivery and
reduces risks of loss, but scalability and privacy
concerns remain key issues in adoption[20.

I1l. PROPOSED MODEL

GPS-free vehicle tracking system that locates the
vehicle without the use of satellite GPS or cellphones by
employing a GSM module and cell tower signals. In
order to estimate the vehicle's position, the system
gathers information from neighbouring cell towers
using a SIM800L module, which is then processed by an
ESP32 microcontroller. To enable remote tracking, it
uses the MQTT protocol to transmit the location to the
cloud. The entire system is powered by a bike battery
and is controlled by an IP5306 power module. It
functions effectively even in locations where GPS is
inoperable, such as tunnels or beneath flyovers. This
arrangement is easy to use, inexpensive, and effective
for real-time car tracking and theft prevention.

Fig 1: Architecture of GSM-Based Vehicle Location
System without GPS
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Fig 1 represents the location data that has been
processed is sent to the cloud server through the MQTT
protocol over GPRS, where it undergoes further storage
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and analysis. The serverincludes a database and an alert
system that notifies users of theft incidents and keeps
records of vehicle tracking. Ultimately, this information
is accessible to the user via a mobile app or a web
dashboard, providing real-time updates on the vehicle's
location, battery status, and movement history. To
reduce the impact of data overfitting or signal errors,
filtering techniques are applied, while optimizing
trilateration parameters enhances accuracy.
Consequently, the system offers an economical, GPS-
independent, and dependable solution for real-time
vehicle tracking and theft prevention.

A. Mathematical Terms:
Path Loss (Signal Strength):

Signal strength decreases with distance.
Pr(d) = Py — 1Onlog10(%) (1)
: Received signal power at distance d.n: Path-loss

exponent (environment factor, 2-4).d: Distance between
tower and vehicle.

C. Distance From Signal:

Converts signal strength into distance.
10n

d=dy-10P0Pr (2
Same as above (just rearranged to solve for d).

D. Circle Equation (Tower Range):

Each tower forms a circle where the vehicle may be
located.

(x—x)*+ @ -y)?=d} @

(x, y): Vehicle position.(): Tower position.: Distance from
tower iii (from formula 2).

E. Position Estimation (Least Squares):

Solves multiple circle equations to estimate best vehicle
position.

z=(ATA)"1ATp (4

z=(x",y"): Estimated position.A,b: Matrices formed
from tower coordinates and distances.

F. Iterative Refinement (Gauss—-Newton):

Improves accuracy by minimizing error step by step.
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pep—UTNr (5

p= (X, y): Vehicle position estimate.r: Error between
measured and predicted distances.

J: Jacobian matrix (sensitivity of error to position).

G. Time Difference Of Arrival (Tdoa):

Signal time difference between towers gives position
lines.

lp = pill = llp = pjll = c(z: = 75) (6)

p= (x, y): Vehicle position.: Tower coordinates.c: Speed
of signal (= speed of light).: Signal arrival times at
towers.

H. Kalman Filter Prediction:

Predicts the vehicle's next position using motion model.
x¥ o= Fx* 1 |y (1)

: Predicted state (position, velocity).F: State transition
matrix (vehicle motion).k: Time step.

I. Kalman Filter Update:

Updates
accuracy.
X 1= 2" 11+ K (zie — h(x* 15—1)) ©)

: Measured data (from cell towers).K: Kalman gain
(weight for correction).h (-): Measurement function
(maps state — measurement).

prediction with new measurements for

Algorithm: GPS-Free Vehicle Tracking using GSM and
Cell Tower Triangulation

Input: GSMsignal data (RSSI, Cell IDs, Tower
Coordinates) Output: Estimated Real-Time Vehicle
Location

1. Define system parameters: reference power , path-
loss exponent n, reference distance , and Kalman filter
parameters.

2. Initialize GSM module (e.g., SIM800L) and connect to
nearby cell towers.

3. Power the system using bike battery and check
battery status.

J. For Each Tracking Session:

1. Collect RSSI values and Cell IDs from at least three
nearby towers.

2. Estimate distance from vehicle to each tower using
RSSI:
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10n
d=d,-10P0-pr (1)
3. Formulate circle equations for each tower:
(x—-x)*+ @ -y)?=d} @
4. Solve for initial vehicle position using least-squares
trilateration:
z=(ATA) A" (3
5. Refine vehicle position using Kalman filter:
X =2 I+ Kz = h(x* 1)) @
6. Check for unauthorized vehicle movement (optional
theft detection via OBD-Il or vibration sensors).
7. Transmit vehicle location and alerts to cloud server or
mobile application via MQTT/GPRS.
8. Log vehicle location, accuracy, and battery status for
monitoring.
5. End for each tracking session.
6. Repeat continuously for real-time vehicle tracking.
7. End.

IV. RESULTS AND DISCUSSION
A. Channel Usage

Channel Usage
10

Performance {1-10

GPS-Free

Blockchain & loV

loT Hardware

Fig 2: Channel usage

The GPS-free vehicle tracking system achieves the
highest channel usage efficiency among the compared
systems. The Blockchain & loV model consumes more
channels due to additional data verification and
consensus processes, while the loT-based vehicle
tracking system maintains moderate efficiency but may
face congestion whenmultiple devices communicate
simultaneously. This demonstrates the optimized
communication and superior channel utilization of the
GPS-free system.
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B. Collision Rate
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Fig 3: Collision Rate

As shown in Fig 3, the Proposed GPS-Free Model
consistently achieves the lowest collision rate compared
to the other systems. The Blockchain and loV model
exhibits moderate collisions, while the loT Hardware
model shows relatively higher communication conflicts.
This indicates that the Proposed Model ensures
smoother and more reliable data transmission. Such
performance highlights its efficiency and robustness in
minimizing transmission collisions.

C. Requesting Processing Accuracy

Fig 4: Requesting Processing Accuracy

Request Processing Accuracy
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As shown in Fig 4, the Proposed Model consistently
achieves the highest request processing accuracy
among the compared systems. The Blockchain and loV
model performs moderately well but shows occasional
drops in accuracy, while the loT Hardware model
demonstrates lower reliability in processing requests.
This indicates that the Proposed Model ensures faster
and more precise handling of location queries. Such
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performance highlights its robustness and superiority in
maintaining high accuracy levels.
D. Transmission Delay

Transmission Delay
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Fig 5: Transmission Delay

As shown in Fig 5, the Proposed GPS-Free Model
consistently achieves the lowest transmission delay
compared to the other systems. The Blockchain and loV
model exhibits moderate delays, while the IloT
Hardware model shows relatively higher latency. This
indicates that the Proposed Model ensures faster
communication and timely delivery of vehicle data.
Such performance highlights its efficiency and
superiority in minimizing transmission delays.

E. Transmission Accuracy
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Fig 6: Transmission Accuracy

As shown in Fig 6, the Proposed Model consistently
delivers the highest transmission accuracy compared to
the other systems. The Blockchain and loV model
achieves moderate accuracy with  occasional
inconsistencies, while the loT Hardware model shows
relatively lower precision in data transmission. This
demonstrates that the Proposed Model ensures reliable
delivery of information with minimal errors. Such
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performance highlights its superiority in maintaining
consistent and accurate transmissions.

F. Vehicle Location Tracking Accuracy

Vohicle Location Tracing Accuracy
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Fig 7: Vehicle Location Tracking Accuracy.

As shown in Fig 7, the Proposed Model consistently
achieves the highest vehicle location tracing accuracy
among the compared systems. The Blockchain and loV
model provides moderate accuracy, while the loT
Hardware model demonstrates relatively lower
precision in identifying exact locations. This indicates
that the Proposed Model ensures more accurate and
dependable vehicle tracking through efficient GSM-
based triangulation. Such performance highlights its
robustness and superiority in precise vehicle location
determination.

V. CONCLUSION

According to the study, the suggested GPS-Free car
tracing system, which makes use of GSM modules and
cell tower triangulation, performs better than current
options like Blockchain & loV and loT-based vehicle
tracking systems on a number of important
performance parameters. By maximizing the utilization
of existing communication channels, reducing
congestion, and guaranteeing smooth data flow, the
GPS-Free system demonstrates exceptional efficiency in
terms of channel usage. The system maintains relatively
minimal communication conflicts, which guarantees
stable and dependable data delivery even in situations
with significant traffic, according to the collision rate
analysis.
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The suggested system continuously handles vehicle
position inquiries more quickly and accurately in terms
of request processing accuracy, demonstrating its
resilience in handling requests error-free. Likewise, the
system exhibits low transmission latency, allowing for
fast delivery of vital data and real-time vehicle tracking.
Reliable vehicle monitoring requires that data packets
be delivered and received accurately with little loss or
corruption, which is ensured by optimizing transmission
accuracy.

Finally, the vehicle location tracking accuracy metric
emphasizes the effectiveness of GSM-based
triangulation in providing precise and dependable
vehicle positioning, surpassing the performance of both
Blockchain & loV and loT-based systems. Overall, the
proposed GPS-Free model exhibits a balanced
combination of efficiency, reliability, and accuracy,
making it practical and cost-effective solution for
vehicle tracking without the need for GPS infrastructure.
Its superior performance across all evaluated metrics
underscores its potential for widespread adoption in

intelligent transportation and fleet management
systems.
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