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Abstract—This review presents a comparative study
between DTMF-based vehicle control systems and other
modern wireless technologies like Bluetooth, Wi-Fi,
GSM, and LoRa. DTMF, which uses the tone signals
from a phone keypad, offers unique advantages such as
low cost, simplicity, and global reach via mobile
networks. The paper discusses the architecture of
DTMF-based systems, compares them with wireless
alternatives, and explores their applications, limitations,
and future scope, especially in low-resource and remote
environments.
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I. INTRODUCTION

Remote vehicle control is increasingly used in fields
like security, military, automation, and rescue
operations. With multiple wireless communication
methods available, it is important to understand the
trade-offs in range, complexity, and cost. This paper
reviews DTMF-based systems and compares them
with newer alternatives to assess their relevance and
potential. In recent years, the demand for remote-
controlled systems in vehicles has grown
substantially due to their diverse applications in
military operations, disaster management, industrial
automation, and surveillance systems. Remote
vehicle control minimizes human risk and improves
operational efficiency, especially in hazardous
environments (Singh & Kumar, 2021). These systems
are particularly useful in unmanned ground vehicles
(UGVs), which can perform navigation tasks without
onboard human presence (Jain et al., 2020). One of
the most accessible and affordable solutions for
remote control involves Dual Tone Multi-Frequency
(DTMF) technology. DTMF signals are commonly
generated by keypresses on mobile phones and have
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been traditionally used in telecommunication
systems. By leveraging these signals, engineers have
developed simple yet robust remote-controlled
vehicles, primarily for low-cost applications and
academic projects (Patel & Shah, 2019).

The core advantage of DTMF-based systems lies in
their cost-effectiveness and ease of implementation.
As they operate over standard mobile calls, there is
no need for internet connectivity, making them ideal
for rural or infrastructurally underdeveloped regions
(Mehta et al.,, 2021). This accessibility has made
DTMF-based systems a staple in many entry-level
robotics platforms and student research endeavors
(Kumar et al., 2020). Technically, a DTMF system
includes a decoder IC such as the MT8870, a
microcontroller (e.g., ATmega328 or PIC16F877A),
and a motor driver like the L293D. When a key is
pressed on the mobile phone, it sends a distinct pair
of frequencies that the decoder translates into binary
output, which is then interpreted by the
microcontroller to activate specific vehicle functions
(Bhaskar & Tiwari, 2022; MT8870 Datasheet, 2018).
Although DTMF systems are relatively simple, they
still compete with more sophisticated communication
technologies such as Bluetooth, Wi-Fi, GSM, Zigbee,
and LoRa. Each of these alternatives has its strengths
and limitations. For instance, Bluetooth and Wi-Fi
provide faster data transmission but are limited in
range, while GSM and LoRa extend communication
over longer distances but introduce complexity and
power challenges (Verma et al., 2020; Sharma et al.,
2022). Another strength of DTMF systems is their
ability to function without line-of-sight or specialized
networking. Because control commands are delivered
via cellular audio calls, the system's operational range
is essentially global—bounded only by cellular
network availability (Desai & Kaur, 2020). This
makes them suitable for controlling agricultural
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robots or vehicles in remote locations with minimal
infrastructure (Rathore et al., 2021).

However, DTMF-based control systems are not
without drawbacks. The most pressing issues include
one-way communication, lack of data encryption,
susceptibility to noise interference in audio channels,
and the absence of real-time feedback (Thomas et al.,
2020; Ahmed & Das, 2022). These drawbacks make
DTMF less suitable for high-security or real-time
mission-critical applications unless enhanced with
additional technologies. Recent studies have
attempted to address these limitations by integrating
DTMF with GSM modules, GPS tracking, or even
camera-based feedback systems to improve usability
and control accuracy. Hybrid systems combining
DTMF and loT platforms are also under development
to facilitate remote monitoring and smart automation
(Sarkar & Roy, 2023; Mandal et al., 2021). This
review aims to examine the current scope and
limitations of DTMF-based vehicle control systems
by comparing them with other contemporary wireless
technologies. The paper explores practical
implementation techniques, application domains, and
possible enhancements. By presenting a comparative
framework, the review seeks to guide future
improvements and hybrid innovations in wireless
vehicle control technologies (Khan & Mishra, 2022).

Il. OVERVIEW OF DTMF TECHNOLOGY

Key Low Frequency High Frequency
(Hz) (Hz)
1 697 1209
2 697 1336
3 697 1477
4 770 1209
5 770 1336
6 770 1477
7 852 1209
8 852 1336
9 852 1477
* 941 1209
0 941 1336
# 941 1477

Table 1. DTMF Keypad Frequency Table
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Dual Tone Multi-Frequency (DTMF) is a signaling
system used in touch-tone phones. When a user
presses a key, a combination of two tones is
generated. These tones can be decoded using ICs like
the MT8870 and used to control devices remotely. In
robotics, this system enables movement commands
through mobile phone input. Dual-Tone Multi-
Frequency (DTMF) techn ology is a
telecommunication signaling system that sends
information through pairs of audio tones. Each key
on a telephone keypad generates two tones
simultaneously—one from a low-frequency group
and one from a high-frequency group. These tones
are used for dialing and remote control in automated
systems, including robotics and vehicle applications
(Bhaskar & Tiwari, 2022). When a button is pressed
on a mobile device or keypad, it produces a unique
frequency pair. These tones are decoded by DTMF
decoders, such as the MT8870, and translated into a
binary format that can be read by a microcontroller.
This binary input is used to control devices like
motors or lights in embedded systems (MT8870
Datasheet, 2018; Kumar et al., 2020). In DTMF-
based vehicle systems, mobile phones are used to call
a GSM module or connect via audio jack. The user
presses buttons, and the tones are received and
interpreted to perform actions like moving forward,
backward, or turning (Mehta et al., 2021). This
technology allows wireless control without the need
for Bluetooth, Wi-Fi, or internet access.

DTMF System Block Diagram

e A mobile phone to generate tones

e MT8870 DTMF decoder IC

e  Microcontroller (e.g., ATmega328 or 8051)

e 1.293D motor driver IC

e DC motors and chassis

The tone signal is transmitted through a voice call
and decoded to activate movement commands
(forward, backward, left, right).

Despite being a legacy technology, DTMF has
unique strengths: simplicity, cost-effectiveness, and
global accessibility. It remains a viable solution for
remote vehicle control, especially in scenarios where
more advanced communication systems are
impractical. Combining DTMF with newer wireless
tech could unlock innovative hybrid solutions.
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[User's Mobile Phone] — [DTMF Tones] —
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Fig 1: Block diagram of DTMF system
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I11. METHODOLOGY
This study employs a comparative review

methodology to evaluate DTMF-based remote
vehicle control systems alongside emerging wireless
alternatives such as GSM, Bluetooth, Wi-Fi, ZigBee,
and LoRa. The review aims to assess these
technologies in terms of communication range,
latency, cost, implementation complexity, scalability,
power consumption, and security. To begin, an
extensive literature search was conducted across
reputable databases including IEEE Xplore,
ScienceDirect, SpringerLink, and Google Scholar.
Keywords such as “DTMF vehicle control,”
“wireless vehicle automation,” “GSM-based control
systems,” and “LoRa vehicle communication” were
used to retrieve relevant studies published primarily
within the last 10 to 15 years (Patel & Shah, 2018;
Kumar et al., 2020). Only peer-reviewed journal
articles, conference papers, and technical reports
directly addressing remote vehicle control systems
were included. Studies lacking technical depth, non-
English publications, and unrelated automation
systems were excluded.

A comparative analysis framework was developed to
guide the evaluation process. This framework
included parameters such as signal reliability,
response time, ease of implementation, power
efficiency, and system scalability (Gupta & Tiwari,
2017; Sharma et al., 2019). Using this framework,
technical specifications and performance data were
extracted from selected studies and organized into a
comparative matrix. DTMF-based systems were used
as the reference model due to their longstanding use
in early remote-control systems and their simplicity
(Rani & Singh, 2016). In contrast, emerging
technologies were evaluated based on advancements
in  wireless communication  protocols and
microcontroller integration.

The synthesized data was further examined for
patterns, trade-offs, and application-specific strengths
of each technology. To enhance the validity of the
review, findings were cross-referenced with practical
implementations discussed in open-source hardware
communities and technical forums. Where possible,
insights from industry practitioners and developers of
embedded vehicle systems were incorporated to
bridge the gap between academic research and real-
world applications (Joshi et al., 2021).

Feature DTMF Bluetooth Wi-Fi GSM/GPRS LoRa
Range Unlimited (via call) 10-20 m Local Network Global ~10 km
Internet Required No No Yes Yes No
Power Consumption Low Medium High High Low
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Complexity Low

Low

High High Medium

Cost Very Low

Low

Medium High Medium

Table 2. Comparison with Modern Wireless Control Methods

Circuit Diagram
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Fig 2: Circuit diagram of DTMF system

DTMF-Based Remote Vehicle Control System
DTMF (Dual Tone Multi Frequency) signaling is a
widely used technique in telecommunication systems
and has been adapted for remote control applications
such as vehicle movement. A typical DTMF-based
vehicle control circuit includes the following key
components:

e Mobile phone or GSM module for sending
DTMF signals.

e DTMF Decoder IC (MT8870) to decode the tone
signals into binary data.

e  Microcontroller (e.g., ATmegal6 or Arduino) for
processing the decoded signal and generating
control commands.

e Motor driver IC (L293D or L298N) to actuate
motors based on microcontroller output.

DC motors to control vehicle movement.

Circuit Description:

1.

A mobile phone is fixed to the vehicle and kept
in auto-answer mode.

When a call is made to the mobile, DTMF tones
are received during keypress.

The MT8870 decodes the tones into binary
signals.

These binary signals are fed to the
microcontroller, which interprets them as
specific motion commands (forward, backward,
left, right).

Based on the command, the microcontroller
signals the motor driver to rotate the motors in
the desired direction.
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Emerging Wireless Alternatives e Commands are received and processed by a
Recent developments have introduced advanced microcontroller (Arduino, ESP32).

wireless modules that offer more flexibility, range, Typical Components:

and reliability than DTMF-based systems. These e HC-05 Bluetooth module

include: e Arduino UNO or ESP32

(1) Bluetooth-Based Control Systems e L298N motor driver

e Use of HC-05/06 Bluetooth modules. e Android app interface

e Smartphone apps (e.g., Arduino Bluetooth
Controller) send commands via Bluetooth.
System Prototype Image

Fig 3: Prototype Model

Fig 4: Prototype Model

Feature DTMF Bluetooth Wi-Fi GSM/GPRS LoRa
Range Unlimited (via call) 10-20 m Local Network Global ~10 km
Internet Required No No Yes Yes No
Power Consumption Low Medium High High Low
Complexity Low Low High High Medium
Cost Very Low Low Medium High Medium

Table 3. Comparison of DTMF with other wireless control technologies
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Advantages

Disadvantages

No line-of-sight needed

No feedback to controller

Works over any distance via mobile

Delay in tone recognition

Inexpensive and accessible components

Requires active call and audio connection

Simple to implement

No encryption or secure access by default

Table 4. Pros and cons of DTMF-based control systems

Merits of DTMF-Based Vehicle Control Systems
DTMF (Dual Tone Multi-Frequency) technology,
though relatively older, continues to find use in
remote vehicle control systems due to several unique
advantages. These include:

1. Wide Area Control via GSM

DTMF signals transmitted over GSM networks
enable remote control from virtually any distance,
removing the limitations of short-range wireless
systems like Bluetooth or RF.

2. No Need for Internet or Local Network

DTMF does not rely on Wi-Fi, Zigbee, or Bluetooth.
As long as cellular service is available, remote
control is possible—making it highly suitable for
rural or infrastructure-poor areas.

3. Simplicity and Low Cost

The hardware requirements are minimal: a basic
mobile phone (or GSM module), a DTMF decoder
(e.g., MT8870), and a microcontroller. This
simplicity keeps the cost low.

4. Reliable in Low Bandwidth Conditions

Unlike loT-based systems that depend on high-speed
internet, DTMF works effectively even in areas with
low-bandwidth or unstable internet connections.

5. Easy to Implement

DTMF-based systems are beginner-friendly and ideal
for educational purposes. They don’t require complex
coding or wireless configurations.

6. Secure Through Number Privacy

Only users with access to the controlling mobile
number can send valid DTMF signals, providing a
basic level of access control.

7. Independent of OS or Platform

There’s no need for custom apps or platform
dependency. Any phone with a dial pad can control
the system.

Applications and Limitations of DTMF Technology
Dual-Tone Multi-Frequency (DTMF) technology,
originally designed for telecommunication signaling,
has found widespread utility across numerous fields
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due to its simplicity, reliability, and compatibility
with existing telephone networks. As the foundation
of tone-based dialing in landline and mobile phones,
DTMF allows for efficient digital signaling over
analog communication systems (Bhaskar & Tiwari,
2022). This makes it a critical tool in scenarios
requiring low-latency, long-distance control with
minimal infrastructure. One of the primary
applications of DTMF is in telecommunication
systems, where it serves as the backbone of
interactive voice response (IVR) menus. When a user
dials a customer service number, DTMF tones allow
the system to interpret the user's selections through
tone analysis. This eliminates the need for human
operators in initial stages of support, streamlining
service and reducing operational costs (Choudhury &
Das, 2019). In the realm of robotics and vehicle
automation, DTMF has emerged as a cost-effective
control mechanism. Hobbyists and researchers often
use mobile phones to send DTMF signals that control
movement and direction of robots or vehicles. The
DTMF tones are received and decoded by a module
like the MT8870, which interfaces with a
microcontroller to interpret the commands (Mehta et
al., 2021). This provides a reliable method of wireless
communication without the complexities of internet
connectivity. Home automation systems have also
adopted DTMF-based control mechanisms. In areas
where smart technology is either unaffordable or
unavailable, DTMF offers a basic yet functional
method of remotely operating lights, fans, and other
electrical appliances. Through mobile networks, users
can send tone commands to toggle appliances,
providing a primitive but effective form of remote
access (Kumar, Verma, & Sharma, 2020).

Additionally, security and surveillance applications
benefit from DTMF’s capacity for remote actuation.
Users can arm or disarm alarm systems and control
surveillance devices like cameras using their mobile
phones. This system is particularly useful in rural or
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off-grid areas where internet-based controls are not
feasible (Patel & Singh, 2020). In industrial
automation, DTMF is sometimes used for basic
supervisory control tasks. Machines or pumps can be
turned on or off by field operators using mobile
phones, thereby reducing the need for on-site
personnel. Though limited in complexity, these
systems serve as practical solutions in budget-
constrained environments (Ali & Hussain, 2018).
DTME’s low data rate and limited command capacity
make it unsuitable for applications that require real-
time data transfer or complex interactions. This is a
notable limitation in modern environments where
high-speed communication is expected. Each tone
conveys only a limited number of bits, which restricts
the complexity of the operations that can be
performed (MT8870 Datasheet, 2018). Another
limitation is its susceptibility to noise. In noisy
environments or on poor-quality phone lines, DTMF
tones may not be accurately received or decoded.
This leads to false triggers or unrecognized
commands, posing a reliability issue especially in
safety-critical applications (Gupta & Anand, 2017).
Moreover, DTMF systems lack authentication and
encryption. Any person who knows the command
tone sequence can control the device if they gain
access to the communication channel. This makes
such systems insecure for sensitive tasks without
added layers of security like passcodes or encryption
modules (Rao & Reddy, 2021). Despite these
drawbacks, DTMF systems continue to be favored in
resource-constrained or legacy systems. Their low
cost, ease of deployment, and compatibility with the
existing infrastructure ensure that they remain
relevant in developing countries and educational
contexts, particularly for introductory projects in
electronics and embedded systems (Sharma, 2019).
In conclusion, while DTMF technology is outdated
for modern, complex control systems, it remains a
viable solution for basic, low-cost, and reliable
control tasks. Its integration in telecommunications,
home and industrial automation, and education
reflects its enduring utility. Future applications may
involve hybrid systems where DTMF serves as a
fallback mechanism or low-level control layer within
more advanced architectures (Bhaskar & Tiwari,
2022).
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IV. CONCLUSION

DTMF-based remote vehicle control systems have
long served as a foundational technology in wireless
automation and robotics. Leveraging simple analog
signaling through mobile networks, these systems
offer a low-cost, widely accessible, and relatively
easy-to-implement solution for basic remote-control
applications. Their effectiveness in low-bandwidth
scenarios and minimal reliance on internet
infrastructure makes them especially relevant in rural
and resource-constrained environments.

However, as the field of wireless communication
continues to evolve, DTMF systems face growing
limitations in terms of scalability, security, and data
handling capabilities. Emerging technologies such as
GSM, Bluetooth, Wi-Fi, ZigBee, and loT-based
systems provide more robust, secure, and real-time
alternatives, enabling advanced control and
monitoring features that DTMF systems cannot
support.

Despite these limitations, DTMF remains a valuable
educational tool and a viable solution for specific use
cases where simplicity and cost-effectiveness
outweigh the need for advanced functionality.
Moving forward, hybrid approaches that integrate
DTMF with modern technologies—such as GSM or
IoT modules—could offer a balanced solution,
leveraging the best of both traditional and
contemporary systems.

In conclusion, while DTMF may not meet the
demands of next-generation smart systems on its
own, it continues to play a vital role in accessible
automation, particularly in areas where infrastructure
constraints make other wireless technologies
impractical.
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