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Abstract: This research integrates the Strandbeest mechanism by Theo Jansen with gesture control
technology to design a responsive walking robot. The goal is to eliminate the bottlenecks that traditional
gesture-controlled robots face, most of which are wheeled or stationary, and integrates a walking
mechanism optimized for stability and efficiency. With similarities in the Strandbeest design, the four-
legged linkage system is the core piece of these robots that brings about smooth motion and adaptability
across diverse terrains.

The ADXL335 accelerometer and NRF24L01+ RF module are used to facilitate gesture control, which
provides intuitive real- time operation. The Arduino Nano microcontroller is used to process the gesture
inputs and to control the walking mechanism by using an L298N motor driver. It is designed for effective
working in confined and rugged environments with a compact chassis powered by DC motors. The
accuracy of a system for gesture recognition, stability in locomotion, and consistency in communication is
experimentally demonstrated through preliminary tests. The development of such systems has applications
in all fields of agriculture, exploration, and assistive technologies, which require efficient adaptive robots.
This work combines the sophistication of mechanisms with the intuitiveness of control in human-robot
interaction. Keywords: Gesture-Controlled Robot, Theo Jansen Mechanism, Arduino Nano, ADXL335
Accelerometer, NRF24L01+ RF Module, Robotics, Human-Robot Interaction This paper introduces a
responsive walking robot that integrates the Strandbeest mechanism by Theo Jansen with gesture control
technology.

The project aims to overcome the limitation of traditional gesture-controlled robots, which are mostly
wheeled or stationary, by introducing a walking mechanism optimized for stability and efficiency. This
robot, inspired by the Strandbeest model, uses a four-legged linkage system which produces smooth walk
and is durable enough to negotiate all kinds of surfaces. The use of an ADXL335 accelerometer and an
NRF24L01+ RF module allows for intuitive real-time gesture control over this system. The system is
processed and controlled by an Arduino Nano microcontroller, which processes gesture inputs and then
controls the walking mechanism using an L298N motor driver.

It has been designed to use a compact chassis and DC motors to function suitably in the confined and
rugged environment. The preliminary test reveals the capability of achieving gesture recognition accuracy,
stable locomotion, and reliable communication for such a system. The innovation could introduce
applications where efficiency and adaptivity in robots might be demanded and could find places in
agriculture, exploration, or assistive technologies. This research contributes to progress in human-robot
interaction by combining mechanical sophistication with intuitive control. Keywords: Gesture-Controlled
Robot, Theo Jansen Mechanism, Arduino Nano, ADXL335 Accelerometer, NRF24L01+ RF Module,
Robotics, Human-Robot Interaction.
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L. INTRODUCTION

Robotics has led the way in developing new technologies to facilitate simplification and enrichment in human-robot
interaction. Among the top developments, gesture control technology stands out. It allows for smooth and real-time
robotic operation via hand movements. The traditional controllers are not required because this kind of input makes the
robot more accessible and convenient. This makes Strandbeest mechanism of Theo Jansen prominent for its high
efficiency and smooth walking motion as it uses the multi-bar linkage mechanism. Known to be stable with regard to
energy consumption, this is a strong platform through which walking robots can be engineered to traverse rough
terrains.[1] Though the traditional approach of Strandbeest designs involve many legs and increase structural
complexity, limiting them for practical adaptability. Current research in gesture-controlled robotics has primarily
focused on wheeled or stationary robots, with limited exploration into walking mechanisms. Walking robots, with their
ability to navigate uneven and dynamic terrains, hold immense potential for applications in agriculture, exploration, and
rescue operations. The integration of gesture control with a simplified Strandbeest-inspired walking mechanism
presents a unique opportunity to address these challenges, combining mechanical efficiency with intuitive
operation.[1][4]

This study aims to create a gesture-controlled walking robot by combining the mechanical sophistication of the
Strandbeest mechanism with sensor-based gesture recognition. The robot aims to provide efficient locomotion over
various terrains through the reduction of legs and optimization of stability. This innovation could be applied in assistive
robotics, space exploration, and personal robotics, making it a practical approach toward human-robot interaction[ 1][2].

II. LITERATURE REVIEW
The integration of gesture control with walking mechanisms represents a significant leap in robotics, combining user-
friendly interaction with mechanical efficiency. This section delves into key contributions in gesture-controlled
robotics, Theo Jansen’s Strandbeest mechanism, and their combined application in real-world scenarios.

Gesture Control in Robotics

Gesture control systems have revolutionized human- robot interaction by offering intuitive, real-time operation without
traditional input devices. Sekar et al. (2020) demonstrated the potential of using an ADXL335 accelerometer to
interpret hand gestures. This data was transmitted wirelessly through RF communication, achieving a 92.2% success
rate in recognizing gestures, which showcases the robustness of sensor-based control. Such systems have been widely
applied in environments wherehands-free operation is critical, including healthcare, hazardous zones, and military
operations.[2] The reliability of RF communication over extended ranges has further enhanced their utility. Despite
these advancements, challenges remain in achieving higher precision under variable environmental conditions and
ensuring compatibility with complex robotic systems.[3]

Theo Jansen’s Strandbeest Mechanism

Theo Jansen’s Strandbeest mechanism is widely recognized for its ability to mimic the natural walking motion of living
organisms. This innovative multi-bar linkage system offers a balance of energy efficiency, stability, and adaptability,
making it an ideal choice for walking robots. Burns (2019) explored the application of a four-legged Strandbeest
mechanism, focusing on optimizing mobility and stability with fewer legs.[1] This reduction in complexity enables the
mechanism to navigate uneven terrains while maintaining smooth and consistent movement. The low energy
consumption of Strandbeest-inspired designs further adds to their appeal for applications in agriculture, exploration, and
disaster management. However, traditional designs often lack the flexibility required for dynamic environments,
underscoring the need for simplified yet robust modifications in contemporary robotics.[1][4]

Integration of Gesture Control and Walking Mechanisms

Combining gesture control with the Strandbeest walking mechanism represents an innovative solution to the limitations
of traditional robotic systems. The integration permits intuitive operation; hand gestures will directly control the
movement and action of the robot. Sahastrabuddhe et al. emphasized how such systemszzo -»=; used for rescue
missions, disaster management, and agriculture, where adaptability and real-time contrq ¢ =)
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advantage of the Strandbeest's natural gait and integrating gesture recognition technology, these robots are able to walk
on uneven terrains while preserving operational precision. Such systems also have a modular design that allows for
scalability and ease of assembly, making them practical for different applications. However, seamless integration
between the mechanical and electronic components remains one of the major challenges, with a need for sophisticated
synchronization algorithms and efficient power management.[1]

Limitations in Current Systems

While there is considerable progress in this area, the current systems suffer from several limitations that make them
ineffective in real-world scenarios. Most gesture- controlled robots, however, require pre-programmed movement
patterns; thus, the robots are bound to less dynamism and variability in their unpredictable environments. The power
inefficiency of most designs is also significant because traditional battery systems restrict the operating time and deplete
the life of the robot in extended missions. Without advanced autonomy such as artificial intelligence, robots are limited
from making real-time decisions, which would be possible in environments filled with obstacles and variable
conditions. Most of the available walking mechanisms are designed specifically for certain terrains, hence making them
not as versatile as expected in many applications. Innovation on Al-based navigation, energy efficiency, and
development of multi-functional sensor systems are what address these issues. Current Study

Based on previous studies, the current research constructs a gesture-controlled robot that optimizes the Strandbeest-
inspired walking mechanism.

The system contains an ADXL335 accelerometer and an NRF24L01+ RF module for the interpretation and
transmission of real-time gesture inputs. The input is processed in an Arduino Nano microcontroller, controlling the
walking mechanism through an L298N motor driver. The modular design and reduced leg count of the robot ensure
structural simplicity and energy efficiency in locomotion over a range of terrains.[l1] Addressing compactness,
scalability, and ease of deployment, this research seeks to create a cost-effective and adaptable solution. The focus of
the project on combining mechanical stability with intuitive control provides a robust foundation for applications in
agriculture, exploration, and assistive robotics, with potential future advancements incorporating Al for enhanced
autonomy and obstacle avoidance.[2][3]

Conclusion

The reviewed literature describes the developments on gesture control and Strandbeest-inspired designs, highlighting
their potential in revolutionizing robotics. However, adaptability challenges, power efficiency, and decision-making in
an autonomous manner persist. This research is aimed at addressing these gaps through the development of a modular
system that is low-cost with better gesture recognition capabilities and stable walking mechanisms. Future studies may
be designed to integrate

Al and advanced navigation systems for refinement of these robots to deploy in more complex and dynamic
environments.

1. METHODOLOGY
This chapter describes the methodology used in the design and development of a gesture-controlled walking robot using
a Strandbeest-inspired mechanism. The system consists of gesture recognition and a stable walking mechanism for
intuitive and adaptive robot operation.[5]

System Overview

The robot integrates two main elements:

Walking Mechanism: Inspired by Theo Jansen's Strandbeest, the four-legged linkage mechanism is optimized for
stability and efficient motion.

Gesture Control: Hand gestures are captured using an ADXL335 accelerometer, transmitted via an NRF24L01+
Bluetooth RF module, and processed by a microcontroller to control the robot's movements.[3]
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Hardware Components
Arduino Nano: Serves as the central processing unit for interpreting sensor data and controlling the motors..

Fig:3.1.1: Arduino Nano
ADXL335: Accelerometer Module: Captures tilt and motion data based on hand gestures

Fig:3.1.2 Flame Sensors
L298N Motor Driver Module: Drives the DC motors that control the robot’s walking mechanism.

Fig 3.1.3 Motor Driver
NRF24L01+ RF : Module: Facilitates wireless communication between the gesture device and the robot..

Fig 3.1.5:Chassis
Chassis: A durable, lightweight structure housing all components
18650 BATTERY-2: The 18650 Battery-2 is a high-capacity lithium-ion rechargeable battery, commonly utilized in
robotics for efficient energy storage and power supply

Fig:3.1.7: 18650 BATTERY-2
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DC Motors: Provide power to move the legs and achieve forward, backward, and turning motions..

Fig:3.1.8:Motor

Design and Integration

Sensor Placement: The ADXL335 accelerometer was positioned to ensure accurate gesture detection.

Circuit Design: The Arduino Nano was connected to the accelerometer, motor driver, and RF module for efficient
signal processing and actuation.

Programming: The Arduino IDE was used to program gesture recognition and control algorithms.

Power Supply: A rechargeable lithium- ion battery ensured reliable power and portability.

Working Principle

The Strandbeest Robo replicates the dynamic motion of Theo Jansen's Strandbeest using modern electronics for
enhanced functionality.[5]

Power and Monitoring: The robot powers on and monitors its orientation using the ADXL335 accelerometer for
balance adjustments.

Remote Control: Commands are sent via the NRF24L01+ Bluetooth module, received by the Arduino Nano, and
executed by controlling motor movements through the L298N motor driver.

Locomotion: The Strandbeest-inspired leg mechanism, driven by the motors, ensures smooth motion across various
terrains.

Adaptability: Accelerometer feedback allows the robot to maintain stability and adjust to uneven surfaces.

Circuit Diagram

Transmitter Module:

The ADXL335 accelerometer captures tilt data based on hand gestures.

Data is transmitted via the NRF24L01+ Bluetooth RF module, controlled by the Arduino Nano.

MPLGOS0

o
arduino.

NREZ4L01+ > Arduing

NCC > 433V
GND->GND

529
CLK-=13
MOS1=> 11
MISO =12

Fig 3.4.1: Transmitter Circuit Diagram
Receiver Module:
The NRF24L01+ RF receiver receives gesture data and sends it to the Arduino Nano for processing.
The Arduino interprets the commands and actuates the walking mechanism via the L298N motor driver.
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Fig 3.4.2: Receiver Circuit Diagrarh

Software Implementation

The robot's software is developed using the Arduino IDE, enabling seamless integration of components. The ADXL335
accelerometer data is processed using dedicated libraries to interpret tilt and orientation, with predefined thresholds set
to trigger specific gestures, such as forward movement, stopping, or turning. PWM signals are generated by the
Arduino Nano to control motor speed and direction through the L298N motor driver. The NRF24L01+ module
facilitates wireless communication, allowing remote commands to be processed and executed in real time. Error-
handling routines are implemented to detect abrupt tilts or anomalies, ensuring stability by dynamically adjusting motor
outputs. Additionally, the code is optimized to minimize delays and redundant computations, enhancing the system's
responsiveness and efficiency.[3]

Arduino Encoder
Nano IC

s RF Transmitter

Figure 3.1: Block diagram of transmitter

Motor Driver
ic

MOTORS

RF Receiver == 'vduino UNO

Figure 3.2: Block diagram of receiver

Fig 3.5.1: Block diagram

Prototyping and Construction
The Strandbeest-inspired mechanism was constructed using lightweight materials, ensuring efficient power usage. The
linkage dimensions were calculated and verified through simulations to achieve smooth and stable walking motion.[5]

Fig 3.6.1: Strandbeest-inspired mechanism
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Testing and Validation
The Strandbeest Robo was subjected to rigorous testing to validate its performance:
e Precision: The accelerometer accurately detected tilt and orientation changes within £2° accuracy, ensuring
stable movement across varied terrains.
e Response Time: The robot responded to remote commands via the NRF24L01+ module within 100-150 ms,
demonstrating real-time responsiveness.
e Locomotion Efficiency: The Strandbeest-inspired leg mechanism maintained smooth and stable movement,
even on uneven surfaces, with no significant loss of balance.
e Adaptability: The robot effectively adjusted its posture based on accelerometer feedback, maintaining
stability on slopes up to 15°.
e  Energy Consumption: Power usage was measured, with efficient motor operation extending battery life during
prolonged activity.

IV. RESULTS AND DISCUSSION

This project successfully integrates gesture control with a Strandbeest-inspired walking robot, demonstrating its ability
to combine bio-inspired mechanics with modern control systems. The system achieved a 92% accuracy in recognizing
hand gestures, enabling smooth execution of commands such as forward, backward, left, right, and stop with
minimal delay. The NRF24L01+ RF module ensured reliable, long-range communication under various conditions,
enhancing the robot's responsiveness and ease of use. The four-legged walking mechanism provided stable motion on
flat and slightly uneven surfaces, with minimal shaking during operation. Powered by a 9V battery, the robot operated
efficiently for approximately 45 minutes, although power consumption varied depending on motor specifications and
load.

Compared to referenced studies, such as Sekar et al. (2020), which reported a similar success rate for gesture
recognition, this project confirms the feasibility of integrating gesture control with walking mechanisms. optimized
Strandbeest mechanism used fewer legs for stability, this project adds gesture control, introducing minor variability in
performance. Despite its strengths, the robot's stability on rough terrains remains limited, and its power efficiency
depends heavily on motor and battery choices. These findings highlight the robot's potential for applications like farming
or exploration, while also identifying areas for future improvement, such as enhanced terrain adaptability and optimized
power systems.

Results

This project demonstrates the effective integration of gesture control with a Strandbeest-inspired walking robot. The
findings highlight the feasibility of combining bio- inspired mechanics with modern control systems. Key outcomes
include:

Gesture Recognition Accuracy:

The system achieved a 92% success rate in recognizing hand gestures using the ADXL335 accelerometer.

Commands such as forward, backward, left, right, and stop worked with minimal delay.

The NRF24L01+ RF module provided reliable communication across various conditions.

Walking Mechanism Stability:

The four-legged walking mechanism demonstrated smooth motion on flat and slightly uneven surfaces.

Tests revealed stable walking with minimal shaking and good responsiveness to gesture commands.

Power Usage:

Powered by a 9V battery, the robot operated for approximately 45 minutes under typical conditions.

Power consumption may vary depending on motor specifications and operational load.
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Table 4.1: Gesture Recognition Success Rate

Gesture Success Rate (%)
IForward 93
Backward 91
Left 90
Right 92
Stop 94
V. DISCUSSION

Comparison with Referenced Studies:

e Sekar et al. (2020) reported a 92.2% success rate for gesture control using accelerometers and RF modules,
aligning closely with this project's results. However, real-world accuracy may vary due to differences in sensor
setup and user handling.

e Burns’ optimized Strandbeest mechanism showcased stable motion with fewer legs. This project builds upon
that design by incorporating gesture control, which introduces slight variability in performance.

Advantages:

e  Combines the Strandbeest’s stable walking motion with intuitive gesture controls.

e The NRF24L01+ RF module offers reliable, long-range communication, outperforming older methods like
infrared.

e Can operate on slightly uneven terrains, making it suitable for tasks such as farming, exploration, or rescue
operations.

Limitations and Variations:

e Performance may fluctuate across different environments or with alternate hardware setups.

e  Stability on rough or highly uneven terrains is limited by the four-legged design.

e Power efficiency is influenced by the choice of motors and batteries, with performance potentially varying
under heavier loads or extended usage.

e This project successfully integrates gesture control with a Strandbeest-inspired robot, achieving stable walking
and reliable communication. While the system has certain limitations, such as terrain adaptability and power
constraints, it demonstrates significant potential for future enhancements in mobile robotics for varied
applications.

VI. CONCLUSION
This project has been able to successfully integrate gesture control with a Strandbeest-inspirgd .T mechanism. The

smooth walking,
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making it a promising solution for applications in farming, rescue missions, and personal assistance. Combining a user-
friendly control system with a stable walking mechanism offers the potential for intuitive human-robot interaction in
various real-world environments. Although the results are promising, the performance in real-world applications may
differ due to differences in hardware, environmental conditions, and calibration accuracy. This also leaves room for
further research to increase power efficiency, improve gesture recognition through machine learning, and design multi-
legged systems that can adapt better to more challenging terrains. Future work may also consider integrating solar
power for longer operational time and more gesture options for more versatile control.

VII. FUTURE SCOPE

Future versions of Strandbeest-inspired robots will be made better in terms of efficiency, accuracy, and versatility so
that they can be applied in a much wider range of applications, even on challenging terrain and space missions
Improved navigation systems, using advanced obstacle detection and avoidance, will enable Strandbeest-inspired robots
to travel more stably and efficiently across challenging environments like sandy areas and deserts or extraterrestrial
terrains. Multi-directional mobility and sensing systems, such as LiDAR and ultrasonic sensors, will be enhanced to be
deployable in almost all types of environments. Additional GPS sensors can be fitted on the robots for the real-time
location tracking system; this enables operators to effectively control and track the robots. Location information will be
transmitted to support teams and initiate coordinated action with other robots through GPS-based systems.

These features have been found useful for space missions, especially because robots can explore planetary surfaces for
scouting and collection of samples from extraterrestrial areas. They could be ideal for future space explorations due to
their adaptability to changing terrain and unstable surface conditions, which may include sands or rocky planets like
Mars and the Moon. Advanced power systems such as solar panels or higher capacity batteries may be included to add
endurance in the operation of long durations in remote or energy-scarce environments. This, along with remote
monitoring and adaptive response, would enable the robots to handle dynamic and unpredictable conditions. Their
potential applications range from exploration, search-and-rescue missions, and farming in sandy areas to critical roles in
space missions, such as constructing habitats, collecting resources, and assisting in real-time data transmission for
interplanetary research. These advancements position Strandbeest-inspired robots as versatile and indispensable tools for
future technological frontiers.
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