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Abstract

Independent mobility remains a major challenge for individuals with upper-limb disabilities, as conventional vehicle
control systems are primarily designed for hand-operated steering and braking. This paper presents the design and
development of a foot-operated steering mechanism intended for armless users. The proposed system employs a rack-
and-pinion arrangement actuated through a gear-assisted motor and rotary encoder interface, enabling precise steering
control using lower-limb motion. A 24 V DC drive system provides propulsion, while braking and acceleration are
integrated through dedicated foot controls. Detailed mechanical design calculations, steering geometry analysis,
torque estimation, and energy evaluation are presented to validate system feasibility. The prototype demonstrates stable
steering response within £30° lock range and achieves an estimated operational range of 10.8 km under nominal loading
conditions. The developed mechanism offers a cost-effective and practical assistive mobility solution that enhances

independence and promotes inclusive vehicle design.

Keywords: Assistive Driving Technology, Foot Controlled Steering Mechanism, Rack and Pinion Steering, DC Motor Actuation,

Human Machine Interface

1. Introduction

Personal transportation has become essential for daily commuting,
particularly in rapidly urbanizing regions. However, conventional
vehicle control systems are primarily designed for individuals
with full upper-limb functionality. Persons with upper-limb
disabilities encounter significant challenges in operating steering
wheels, braking systems, and throttle mechanisms. Existing
assistive mobility devices such as wheelchairs and prosthetic aids
provide short-distance support but are unsuitable for long-distance
independent transportation. Therefore, alternative control strategies
utilizing lower-limb strength present a promising solution. This
study aims to design and fabricate a cost-effective foot-operated
steering mechanism that enables independent vehicle operation
using leg movement. The proposed system integrates mechanical
steering transmission with embedded electronic control to ensure
precision, safety and ergonomic feasibility.

2. Working of the System

The steering input is provided through a circular foot operated
interface. Rotational movement of the foot cap is detected by an
incremental rotary encoder, which generates quadrature signals
corresponding to angular displacement. The microcontroller
processes encoder counts and maps them proportionally to a
predefined steering range of £30°.Based on this computed angle,
control signals are sent to a DC worm gear motor. The motor
rotates a pinion gear that meshes with a linear rack, converting
rotational motion into linear displacement. This displacement
alters the angular position of the front wheels via steering linkages.
Acceleration and braking are controlled through the left foot using
mechanical switches and linkages. Propulsion is provided by a 250
W DC motor powered by two 12 V lead-acid batteries connected
in series to provide 24 V. The system operates in a closed loop
configuration, ensuring accurate steering alignment and automatic
return to neutral position.
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2.1. CAD Model of the Foot-Operated Steering System

Figure 1: CAD Model of The Foot-Operated Steering System

3. Electrical Components
The electrical system of the robot consists of 1Arduino uno,1-12v
Lead Acid Battery,1-DC gear motor and 1- Encoder.

3.1. Arduino UNO R3

The Arduino Uno R3 functions as the primary embedded controller
within the steering system. It processes quadrature signals received
from the rotary encoder and converts positional data into motor
control commands. Using programmed logic developed in the
Arduino IDE, the controller regulates steering motor direction and
displacement through pulse-width modulation (PWM), enabling
proportional steering response.

3.2. Lead Acid Battery

The propulsion and control circuitry are powered by two 12
V sealed lead-acid batteries connected in series to provide a 24
V supply. This configuration ensures adequate voltage for the
250 W DC motor while maintaining system simplicity and cost
effectiveness. The selected battery capacity supports short-duration
operation suitable for prototype validation.

3.3. Rotary Encoder

A quadrature incremental rotary encoder is employed to measure
angular displacement of the foot operated steering cap. The
encoder generates digital pulse signals corresponding to rotational
movement, allowing precise computation of steering angle relative
to the neutral position. This feedback mechanism enables accurate
position-based steering control.

3.4. Rack and Pinion Mechanism

The rack-and-pinion assembly translates rotational input from
the steering motor into linear displacement of the rack, which
in turn adjusts the angular orientation of the front wheels. This
configuration ensures direct mechanical linkage, predictable
steering geometry and reduced backlash compared to cable-based
alternatives.

3.5. DC Geared Motor

A 24 V DC worm-gear motor is selected for steering actuation
due to its high torque output at reduced speed. The integrated
gearbox enhances torque multiplication and provides self-locking
characteristics, thereby preventing unintended steering drift when
no input is applied.

4. Design Calculations
4.1. Vehicle Load Analysis
Total mass:

M = 50 kg (rider) + 20 kg (chassis)

M = 70 kg.

Weight:

W=Mg=70x9.81=686.7N.

4.2. Tractive Force Requirement
Desired acceleration:
a=0.5m/s?

Rolling resistance coefficient:

Crr = 0.02. Acceleration force:

F=ma=70x0.5=35N.

Rolling resistance:

Frr=Crrmg=0.02 x 70 x 9.81 = 13.73 N.

Total force:
F total =48.73 N.

Wheel radius:
r=0.127 m.

Required wheel torque:
T wheel =6.2 N-m.

Motor torque (250 W, 24 V):
T=7.96 N-m.

4.3. Battery and Range Estimation
Battery configuration:

24V,7.5 Ah.

Energy capacity:
E =180 Wh.

Runtime:
t=0.72 h (= 43 min).

Estimated range at 15 km/h:
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10.8 km.

4.4. Steering Geometry
Track width:
t=09 m.

Maximum steering angle:
dmax = £30°

Maximum rack displacement:
X max=0.26 m.

Pinion radius:
p=0.02 m.

Required pinion rotation:
Np = 2.07 revolutions.

Gear ratio selected:
4:1

Required steering torque:
Tp=4 N-m.

With safety factor (1.5):
Tm=6 N-m.

Selected motor torque:
810 N'm.

5. Control System and Programming

The steering interface is implemented using an embedded
microcontroller platform. The rotary encoder provides real-
time angular feedback to the controller. The encoder count C is
mapped linearly to steering angle: & = (C / Cmax) X dmax. A
neutral reference is defined during initialization. Deviation from
this reference triggers proportional motor actuation. Software-
based safety limits restrict steering within +30°.Closed-loop
position control ensures accurate steering response and prevents
mechanical overtravel.

6. Results and Discussion

The fabricated prototype demonstrated stable steering performance
with smooth transition between left and right steering limits.
The rack-and-pinion mechanism provided responsive wheel
deflection with minimal backlash. The propulsion system achieved
the expected acceleration under flat-road conditions. Battery
endurance testing confirmed approximately 40-45 minutes of
continuous operation under nominal load. The steering torque
requirement remained within motor capacity limits, validating
design calculations.

6.1. Future Upgrades
Future enhancements may include:
*  Steer-by-wire architecture with redundancy.

* Integration of driver-assist features.

*  Regenerative braking.

*  Higher capacity lithium battery system.
*  Adjustable ergonomic foot interface.

7. Conclusion

The developed foot-operated steering system provides a practical
and economical mobility solution for individuals with upper-limb
disabilities. Through mechanical optimization and embedded
control integration, the system achieves safe and reliable steering
performance within defined limits. The study demonstrates the
feasibility of adapting conventional steering principles into
assistive vehicle applications, contributing to inclusive automotive
engineering [1-11].
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