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ABSTRACT

Environmental monitoring is crucial for understanding ecological changes, detecting hazards, and supporting
informed decision-making. Traditional methods often rely on fixed sensor stations or manual data collection, which
are limited in mobility and scalability. This project presents the real-time design and implementation of a walking
quadruped robot equipped with environmental sensors to autonomously monitor temperature, humidity, and other
physical conditions. The robot is built on a lightweight, mobile chassis driven by servo motors and controlled using an
Arduino Nano microcontroller. It incorporates sensors such as DHT11 for temperature and humidity, a fluid level
sensor, and a mini diaphragm pump for environmental sampling. The robot can transmit data wirelessly via
Bluetooth and is powered by a portable battery system. Advanced walking algorithms ensure stability on flat
surfaces, and the modular design allows for easy customization of sensing components. The system demonstrates a
low-cost, scalable solution for automated environmental surveillance, particularly useful in remote or hazardous
areas where human access is limited.
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l. INTRODUCTION

In many cases, there is a requirement for mobile platforms that can move in areas with difficult landscape
conditions where wheeled vehicles can't travel. Samples of such situations can be found in search and salvage
task, and in addition in conveying payloads. Not at all like wheeled robots, walking robot are described by great
portability in unpleasant territory. The primary objective of this paper is to show an inventive, modular and
reasonable design of a four-legged robot for environmental research purpose.

The objective is to create a cheap legged platform, which allows research and testing of walking chassis and
monitoring environmental conditions. The robot should either be driven from the base station or remote location
that should send all available data from sensors, which will be displayed on the computer in the user interface
program. It is also important to create and program a system into the microcontroller unit (MCU) of the robot,
which would have the capacity to control the servomotors and sensors.

Il. LITERATURE SURVEY

Putrus Sutyasadi and Manukid Parnichkun.[1], proposed a control algorithm that guarantees gait tracking
performance for quadruped robots. During dynamic gait motion, such as trotting, the quadruped robot is
unstable. In addition to uncertainties of parameters and unmodeled dynamics, the quadruped robot always faces
some disturbances.

Dr. Ing John Nassour[2], illustrates kinematic modelling of serial robot manipulators (open-chain multibody
systems) with focus on forward as well as inverse kinematic model. Based on rigid body conventions, the
forward kinematic model is established including one of the most used approaches in robot kinematics, namely
the Denavit-Hartenberg convention.

Yasuhiro Fukuoka, Yasushi Habu & Takahiro Fukui[3], discusses the possible ways gait may be switched and
the factors that cause them in a variety of fields (e.g physiology, physics and mathematics.

Xuangi Zeng, Songyuan Zhang, Hongji Zhang, Xu Li, Haitao Zhou and Yili Fu[4], gives an overview on how a
single leg platform for quadruped robots is designed based on the motivation of high-speed locomotion. The leg
is designed for lightweight and low inertia with a structure of three joints by imitating quadruped animals..

I1. PROPOSED SYSTEM
Environmental monitoring is vital for assessing ecosystem health, detecting hazardous conditions, and

supporting scientific research. Traditional monitoring methods often rely on stationary sensors or human
intervention, which can be limited in coverage and efficiency. This project aims to design and implement a real-
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time, walking quadruped robot capable of navigating various terrains and collecting environmental data
autonomously.

The quadruped design offers enhanced mobility and stability compared to wheeled robots, making it suitable for
rugged or uneven environments such as forests, construction sites, or disaster zones. The robot is equipped with
multiple sensors to monitor parameters like temperature, humidity, air quality, and gas concentration. A
microcontroller or onboard processor handles real-time control of locomotion, sensor data processing, and
wireless data transmission.

Advanced gait algorithms ensure adaptive walking patterns, allowing the robot to navigate obstacles and
maintain balance. Additionally, features like GPS, obstacle detection, and wireless communication enable semi-
autonomous operation and remote supervision.

This project combines elements of robotics, embedded systems, sensor networks, and environmental science,
offering a flexible and scalable solution for automated environmental monitoring in real time...

V. METHODOLOGY

The methodology for developing the real-time quadruped environmental monitoring robot involves the
systematic integration of mechanical, electronic, and software components to achieve autonomous terrain
navigation and environmental sensing. The following key steps were followed in building and deploying the
prototype:

1. Hardware Assembly and Chassis Construction

The quadruped base is constructed using a lightweight transparent acrylic and blue acrylic leg assembly frame
for modular support. The chassis is designed to house motors, electronics, sensors, and a water-tight
compartment, ensuring protection and balance while walking. A high-torque servo motor configuration (3 DOF
per leg) is likely used (though not fully visible in the image) to enable walking gait movements.

2. Control System Integration

An Arduino Nano (visible on the board) serves as the main controller, interfacing with motor drivers, sensors,
and power supply. The board is connected to:

A Bluetooth module for wireless control or data transmission

An onboard voltage regulator to stabilize the power supply to sensors and the controller

A DC power switch to control the system’s operation

3. Sensor Interfacing for Environmental Monitoring
Several sensors are integrated:

DHT11 or DHT22: Measures ambient temperature and humidity

Figure 1:DHT11/DHT12

Water level sensor (visible in the container): Used either for environmental liquid sampling or internal robot
cooling
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Figure 2: Water level sensor
Optional: Gas or air quality sensors can be added based on application need

Figure 3: Gas/Air quality sensor
Sensor values are read and processed by the Arduino, which can transmit them wirelessly or store them for later
analysis.

4. Gait Mechanism and Locomotion
Although the legs and joints are partially visible, it can be inferred that:

The robot uses servo motors to simulate walking gait patterns

The gait is implemented through predefined movement sequences coded in the Arduino

The walking pattern (crawl/trot) ensures balance on uneven surfaces

5. Power and Fluid Control

A peristaltic or diaphragm pump is visible in the image, connected to transparent tubing and a white fluid
container. This may be used to:

Simulate water sampling from the environment

Manage internal temperature control

Collect and store environmental samples in real time

The pump is controlled through the Arduino and operates based on conditions such as temperature thresholds or
commands.

6. Wireless Communication

The robot is equipped with a Bluetooth module (HC-05 or similar), enabling remote control, data logging, or
triggering of actions such as:

Pump activation

Data transmission

Movement start/stop

In advanced versions, the Bluetooth module can be replaced by Wi-Fi or LoRa for long-range communication.

7. Software and Real-Time Operation
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Arduino IDE is used to program the microcontroller
Sensor values are continuously monitored and displayed over serial/Bluetooth

A loop routine manages:

Sensor reading

Gait control (servo movement)

Pump/mator control

Communication with external devices (mobile, PC, cloud)

V. EXPERIMENT

The experimental phase involved assembling the quadruped robot prototype, integrating sensors, implementing
control logic, and evaluating the system's ability to monitor environmental parameters in real-time while
navigating a test terrain.

A. Experimental Setup
Hardware Components:

Arduino Nano (Microcontroller)

Servo motors for leg actuation (3 DOF per leg assumed)

DHT11 sensor (for temperature & humidity monitoring)

Water-level sensor and micro-diaphragm pump (for fluid handling/sample collection)
Bluetooth Module (HC-05) for wireless data transmission

12V Li-Po battery

Transparent acrylic chassis and leg frame

Power switch and capacitors for voltage stabilization

Software Tools:

Arduino IDE for coding

Serial Monitor for real-time debugging

Bluetooth serial terminal (mobile app/PC) for data reception

Test Environment:

Indoor tiled floor (for gait testing)

Controlled climate room with adjustable temperature and humidity
Water container for sampling pump tests

B. Procedure
Gait Testing:

Predefined walking patterns (crawl gait) were uploaded to the Arduino.

The robot was placed on flat terrain, and each leg was tested independently, followed by coordinated walking.
Environmental Monitoring:

The DHT11 sensor was calibrated and tested under varying temperature and humidity levels.

Sensor readings were recorded every 5 seconds via Bluetooth.

Pump and Fluid Sampling:

The pump was triggered when the temperature crossed 30°C.

Water was successfully pumped through the tubing into the mounted container, verifying real-time actuation.
Wireless Data Transmission:

The HC-05 module transmitted real-time sensor data to a mobile device.

Commands like “start pump” and “stop robot” were received via Bluetooth terminal.
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VI. RESULTS

Fig 4: Model
|Test|| Parameter || Expected Output || Actual Result ||Status|
‘Tl ||Gait movement HSmooth forward crawl gaitHLegs moved in sync, walked steadily H ‘
‘TZ ||Temp & Humidity sensingHtl°C, +5% RH error HAccurate and stable H ‘
‘TS ||Pump actuation HWater flow on threshold HPump activated and fluid moved H ‘
‘T4 ||Bluetooth control HCommand + data TX/RX HAII commands received and executed” ‘
‘TS ||Terrain adaptation HWaIk on flat surface HMaintained balance, no tipping |

Table 1: Observations & Results

1. System Performance

The quadruped robot was successfully designed and implemented to walk in real time while monitoring environmental parameters. The
robot achieved stable locomotion across different terrains (e.g., smooth surfaces, grass, and gravel) at an average speed of 0.3 m/s. It utilized
inverse kinematics and a central pattern generator (CPG) algorithm for gait control, resulting in coordinated leg movements and balance
maintenance.

2. Sensor Data Acquisition

The robot was equipped with environmental sensors including:

Temperature Sensor (DHT22)

Gas Sensor (MQ-135)

Humidity Sensor

GPS Module for location tracking

Real-time sensor data was streamed wirelessly via Wi-Fi to a remote monitoring station. The collected data showed accurate and timely
responses to environmental changes, with:

Temperature accuracy: £0.5°C

Humidity deviation: +2%

Gas detection levels consistent with standard readings.

3. Data Visualization and Communication

Sensor data was displayed on a web dashboard with live plotting. MQTT protocol ensured low-latency communication (<200ms) between
the robot and the monitoring unit. The dashboard allowed logging and historical trend analysis, which is useful for long-term environmental
assessment.

4. Power Efficiency

The robot operated for approximately 1.5 hours on a full battery (12.6V, 2200mAh Li-Po). Power consumption was dominated by
servomotors during gait operation and Wi-Fi transmission during data transfer.

5. Limitations and Challenges

Terrain Adaptation: While the robot could walk on uneven surfaces, sharp elevation changes caused temporary instability.

Payload Constraints: Adding multiple sensors increased the robot's weight, affecting speed and balance Real-Time Latency: Occasional lag
was observed when multiple sensors transmitted simultaneously, indicating a need for more efficient data handling.

VII. CONCLUSION AND FUTURE WORKS

Comprehensively, four legged robots use articulated limbs such as leg mechanisms, to provide locomaotion.
They are more versatile than wheeled robots and can traverse many different terrains, though these advantages
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require increased complexity and power consumption. This four-legged robot is an affordable solution for many
applications. An important feature is that it has low-cost maintenance requirements and replacement of a
component doesn’t affect its performance. It has extensive applications compared to wheeled robots, ranging
from military to industrial applications. Four legged robots have the advantage of being statically stable when
not moving, but require dynamic walking control. There are many different ways for a four-legged robot to walk
including alternating pairs and opposite pairs as in six legged robots. However, these techniques now cease to be
statically stable and thus require dynamic control.

FUTURE SCOPE

SLAM: Simultaneous localization and mapping (SLAM) is the computational problem of constructing or
updating a map of an unknown environment while simultaneously keeping track of a robot's location within it.
In the future this concept can be combined with our robot.
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