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PROPOSED 
SYSTEM

• Main Components, 

• Mobile Base

• Robotic Arm

• Gripper 

• Sensor Units

• User Interface
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DESIGN PARAMETERS 
FOR THE ROBOT ARM

• Work Envelope = 0.5𝑚3

• Maximum Reach = 50cm

• Payload = 2kg

• Package Size to Grip = 

8×8×8 cm

• Degrees of Freedom = 4
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𝜃1 = 𝐵𝑎𝑠𝑒 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝐽𝑜𝑖𝑛𝑡 1
𝜃2 = 𝑆ℎ𝑜𝑢𝑙𝑑𝑒𝑟 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝐽𝑜𝑖𝑛𝑡 2
𝜃3 = 𝐸𝑙𝑏𝑜𝑤 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝐽𝑜𝑖𝑛𝑡 3
𝜃4 = 𝑊𝑟𝑖𝑠𝑡 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝐽𝑜𝑖𝑛𝑡 4

𝐿1 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑏𝑎𝑠𝑒 𝑡𝑜 𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑟 (𝐿𝑖𝑛𝑘 1)
𝐿2 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑟 𝑡𝑜 𝑒𝑙𝑏𝑜𝑤 (𝐿𝑖𝑛𝑘 2)
𝐿3 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑒𝑙𝑏𝑜𝑤 𝑡𝑜 𝑤𝑟𝑖𝑠𝑡 (𝐿𝑖𝑛𝑘 3)
𝐿4 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑤𝑟𝑖𝑠𝑡 𝑡𝑜 𝑒𝑛𝑑 𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑟 (𝐿𝑖𝑛𝑘 4)
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Joint 𝜃𝑖 𝑑𝑖 𝑎𝑖 𝛼𝑖

Base 𝜃1 𝑑1 𝑎1 𝛼1

Shoulder 𝜃2 𝑑2 𝑎2 𝛼2

Elbow 𝜃3 𝑑3 𝑎3 𝛼3

Wrist 𝜃4 𝑑4 𝑎4 𝛼4

𝜃𝑖 = 𝐽𝑜𝑖𝑛𝑡 𝑎𝑛𝑔𝑒𝑙
𝑑𝑖 = 𝑜𝑓𝑓𝑠𝑒𝑡 𝑎𝑙𝑜𝑛𝑔 𝑡ℎ𝑒 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑧 𝑎𝑥𝑖𝑠
𝑎𝑖 = 𝐿𝑖𝑛𝑘 𝐿𝑒𝑛𝑔𝑡ℎ
𝛼𝑖  = 𝐴𝑛𝑔𝑙𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑧 𝑎𝑥𝑒𝑠
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𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑀𝑎𝑡𝑟𝑖𝑐𝑒𝑠:

𝑇𝑖 =

cos(𝜃𝑖) − sin 𝜃𝑖 cos(𝛼𝑖) sin 𝜃𝑖 sin(𝛼𝑖) 𝑎𝑖cos(𝛼𝑖)

sin(𝜃𝑖) − cos 𝜃𝑖 cos(𝛼𝑖) −cos 𝜃𝑖 cos(𝛼𝑖) 𝑎𝑖sine(𝜃𝑖)
0 𝑠𝑖𝑛(𝛼𝑖) cos(𝛼𝑖) 𝑑𝑖

0 0 0 1

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑀𝑎𝑡𝑟𝑖𝑥:

𝑇 =  𝑇1. 𝑇2. 𝑇3. 𝑇4

𝐹𝑖𝑛𝑎𝑙 𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝐾𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐𝑠 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛:

𝑥
𝑦
𝑧

=  (𝑇1. 𝑇2. 𝑇3. 𝑇4 )

0
0
0
1
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𝐸𝑛𝑑 𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑟 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = 𝑥, 𝑦, 𝑧

𝜃1 = 𝑎𝑡𝑎𝑛2(𝑦, 𝑥)

𝜃2 = 𝑎𝑡𝑎𝑛2 𝑧 − 𝑑0, 𝑟 + acos(
𝐿2

2 + 𝐿2 − 𝐿3
2

2𝐿2𝐿
)

𝜃3 = acos(
𝐿2

2 + 𝐿3
2 − 𝐿2

2𝐿2𝐿3
)

𝜃1 =  ∅ − (𝜃1 + 𝜃2)

 

𝑊ℎ𝑒𝑟𝑒:

𝑟 = 𝑥2 + 𝑦2

𝐿 = 𝑟2 + (𝑧 − 𝑑0)2

∅ = 𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛
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Defined the required 
workspace

Finalized the DH 
table for a 4-axis 

robot arm 

Developed a Gui 
using peter corke 

toolbox to perform 
inverse and forward 

kinematics

Validated the 
developed Gui

Chose an arbitrary 
set of values for link 

lengths

Analyzed the defined 
workspace with 

different set of link 
lengths

Finalized the link 
lengths
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Joint 𝜃𝑖 𝑑𝑖 𝑎𝑖 𝛼𝑖

Base 𝜃1 𝐿1 0 90

Shoulder 𝜃2 0 𝐿2 0

Elbow 𝜃3 0 𝐿3 0

Wrist 𝜃4 0 𝐿4 0



10



Input  Angle (degree) Output Coordinate (cm)

θ𝟏 θ𝟐 θ𝟑 θ𝟒 X Y Z

0 30 90 50 -3 0 58

60 60 90 50 -11 -18 52

45 135 70 50 -31 -31 17
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Output Coordinate (cm) Input Angle (degree)

X Y Z 𝜃1 𝜃2 𝜃3 𝜃4

0 0 75 -84 55 57 -17

-11 -18 52 60 60 90 50

-31 -31 17 45 135 70 50
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Joint 𝜃𝑖 𝑑𝑖 𝑎𝑖 𝛼𝑖

Base 𝜃1 22.5 0 90

Shoulder 𝜃2 0 27 0

Elbow 𝜃3 0 22.5 0

Wrist 𝜃4 0 15 0

𝐿1 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑏𝑎𝑠𝑒 𝑡𝑜 𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑟 = 22.5𝑐𝑚
𝐿2 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑟 𝑡𝑜 𝑒𝑙𝑏𝑜𝑤 = 27𝑐𝑚
𝐿3 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑒𝑙𝑏𝑜𝑤 𝑡𝑜 𝑤𝑟𝑖𝑠𝑡 = 22.5𝑐𝑚
𝐿4 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑓𝑟𝑜𝑚 𝑤𝑟𝑖𝑠𝑡 𝑡𝑜 𝑒𝑛𝑑 𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑟 = 15𝑐𝑚



Obtained workspace of the robot-arm for the finalized link lengths
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𝑣𝑥 = 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝐵𝑜𝑑𝑦 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
𝑣𝑦 = 𝐿𝑎𝑡𝑒𝑟𝑎𝑙 𝐵𝑜𝑑𝑦 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝜔𝑧 = 𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑟𝑜𝑢𝑛𝑔 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑟𝑜𝑏𝑜𝑡
𝜔𝑖 = 𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑤ℎ𝑒𝑒𝑙𝑠 
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Symbol Explanation Value

L Length of the Chassis 600mm

W Width of the Chassis 420mm

C Distance between right and left 
wheel

240mm

D Distance between front and 
back wheel

300mm

r Radius of the wheel 150mm

H Chassis height 113mm

h Ground Clearance 50mm
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CHOSEN MATERIAL – PA TYPE 6

❑ Lightweight: Ensures ease of movement and 

efficiency in the manipulator arm.

❑ Strength and Toughness: Provides high tensile 

strength and impact resistance, suitable for 

handling loads.

❑ 3D Printability: Compatible with FDM and SLS 

methods, allowing precise and durable 3D prints.
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Selected Motor: GXServo X150
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Selected Motor: GXServo X100
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Selected Motor: Flash hobby 50KG CLS4050RP
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Selected Motor: DS3218MG
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❑ Used motor torque = 10 kgcm
❑ Gripping Force = 39N
❑ Obtained Vertical Force on the Object = 39 × 0.4 × 2 = 31.2𝑁 𝐴𝑠𝑠𝑢𝑚𝑒𝑑 𝑡ℎ𝑒 𝑓𝑟𝑖𝑐𝑒𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑒𝑛𝑡 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑎𝑠 0.4

❑ Justification = 20N < 31.2N → 10 kgcm motor is enough.
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Selected Motor: SURPASS S1500M
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CHOSEN MATERIAL – ALUMINIUM 6061

❑ Lightweight: Offers a strong yet lightweight structure, 

enhancing mobility and efficiency.

❑ High Strength: Provides good mechanical strength, 

suitable for supporting the robot's components.

❑ Corrosion Resistance: Naturally resistant to corrosion, 

making it durable in various environments.

❑ Machinability: Easy to work with, allowing for precise 

cutting and shaping during fabrication.
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Slope – 10 Degrees 

RPM – 100



52

Motor Torque Required per Wheel – 25kgcm 
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SELECTED MOTOR: CHR-GM37-3429E
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Maximum Deflection: 0.17mm
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Symbol Explanation Value

L Length of the Chassis 600mm

W Width of the Chassis 420mm

C Distance between right and left 
wheel

240mm

D Distance between front and 
back wheel

300mm

r Radius of the wheel 150mm

H Chassis height 113mm

h Ground Clearance 50mm
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•Importance: Optimal arm placement ensures system stability, efficiency, and safety, reducing risks like tipping and 

operational inefficiencies.

•Simulation: MATLAB-based optimization evaluates stability, torque, and reachability to determine the best mounting 

position.

Key Components:

1.Parameters:

1. Platform: Dimensions, wheelbase, chassis height.

2. Arm: Mass, link lengths, end-effector.

3. Environment: Gravity.

2.Optimization:

1. Objective: Minimize torque, penalize rear/edge positions, and maximize reach.

2. Constraints: Ensure stability and workspace within platform boundaries.
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Findings:

•Optimal Mounting:

• On a 60×43 cm chassis with a 45 cm wheelbase, the arm should be mounted in the front half for balance and 

reach.

• Placement minimizes tipping risk while maintaining stability and operational efficiency.
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❑ Servos (total): 5A (average per servo) × 3 = 15A

❑ High-torque servo: 10A

❑ DC Motors (CHR-GM37-3429E × 4): 1.5A × 4 = 6A

❑ Microcontroller, cameras, and sensors: 2A

❑ Total current: 15A + 10A + 6A + 2A = 33A

Assuming a 7.4V or 11.1V LiPo battery,

❑ For a 7.4V LiPo: 7.4V×33A = 244.2W

Continuous use of 1h,

❑ 7.4V LiPo: 244.2W/7.4V ≈ 33Ah
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Reduced Link Lengths by 25%
❑Link 1 – 15cm
❑Link 2 – 18cm
❑Link 3 – 15cm 
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❑ Reduced the size  by 25%
❑ Reduced the payload to 100g
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❑ Chassis Dimensions – 300 × 180 mm
❑ Wheel Size – 80mm
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❑Torque Required: 12kgcm

❑Selected Motor: MG996R (20kgcm)

❑Obtained Safety Factor: 1.6
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❑Torque Required: 22.7kgcm

❑Selected Motor: Futaba 30kgcm Digital Servo

❑Obtained Safety Factor: 1.3
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I Successfully launch the robot chassis on the gazebo environment. But I was unable to perform further simulations due to 

time problems.
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CONTROL SYSTEM 
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ENCORDERS
MOTOR 

CONTROLLERS
ULTRASONIC 

SENSORS

MOTORS



CONTROL SYSTEM – DATA FLOW
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▪ Perception:

▪ Depth Camera + LiDAR + IMU: Feed processed data to High-level controller.

▪ Use sensor fusion to increase the accuracy.

▪ Navigation:

▪ Use SLAM algorithms to map the environment and determine the robot's position.

▪ Combine wheel odometry (from encoders) and IMU data for accurate localization.

▪ Actuation:

▪ High level controller  sends high-level commands (e.g., direction, speed) to the Arduino.

▪ Low level controller executes commands via motor controllers.



PROTOTYPE CONTROL SYSTEM 

78

FRONT 
MOTORS

REAR 
MOTORS

5  MOTORS  OF  THE  
ROBOT ARM

WEB PAGE

MOBILE  APP



CONTROL SYSTEM – NAVIGATING
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• Object Detection:

• Uses a camera and HSV color filtering to detect blue objects in real-time for a fixed sized object.

• Position Estimation:

• Calculates object depth (Z) and lateral offset (X) using camera calibration.

• Since the real-world height of the object is constant, the apparent height in the image (h) directly 

correlates with the distance.

• As the object moves closer, it appears larger in the frame, and h increases, resulting in a smaller 

calculated Z.

• Smooths values with Exponential Moving Average (EMA) for stability.

• Motion Control:

• Commands the robot to move forward, turn, or stop based on the object's position.

• Implements proportional control for precise movement and alignment.

• Actuation:

• Sends movement commands to the robot via Arduino for execution.



CONTROL SYSTEM – NAVIGATING
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CONTROL SYSTEM – ROBOTIC ARM
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• Camera Setup:

• Captures live video to detect objects, with resolution optimized for performance.

• Object Detection:

• Identifies blue objects using HSV color filtering.

• Validates objects based on size and shape.

• Depth and Position Estimation:

• Calculates the object’s 3D position (X, Y, Z) using the object's size, camera calibration, and known object height.

• Applies offsets for camera position relative to the robot base.

• Buffering and Stabilization:

• Collects object positions in a buffer for 2 seconds to stabilize the detection.

• Inverse Kinematics:

• Computes joint angles to reach the averaged position.

• Sends calculated angles to Arduino for robotic arm movement.

• Visualization:

• Displays the robot arm's position using a 3D plot after executing the motion.



CONTROL SYSTEM –  ROBOTIC 
ARM

IKPy Usage in the Robotic Arm:

• Robot Model Loading: Reads the arm's structure from a URDF file to create 

a kinematic chain.

• Target Position Calculation: Converts detected object's coordinates (X, Y, Z) 

into joint angles using inverse kinematics.

• Joint Angle Computation: Ensures realistic movement by adhering to physical 

constraints and joint limits.

• Servo Control: Sends computed angles to the Arduino to move the servos 

and position the end effector accurately.

• Visualization: Plots the arm's 3D position for debugging and validation.

IKPy simplifies complex kinematics, ensuring precise and smooth arm 

movement to the target location.
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CONTROL SYSTEM – ROBOTIC ARM
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CONTROL SYSTEM – MOBILE MANIPULATOR

84

• Chassis Mode:

• Object Tracking: Detects the object's position relative to the robot.

• Navigation: Commands the base to move forward, align left, or right, based on object position.

• Switches to manipulator mode if the object is within a predefined range and aligned laterally.

• Manipulator Mode:

• Computes the object's 3D position (X, Y, Z) using camera parameters and object height.

• Buffering: Stabilizes the target position by averaging multiple frames.

• Inverse Kinematics: Uses IKPy to calculate joint angles for the manipulator to reach the target.

• Execution: Sends calculated joint angles to Arduino for precise arm movement.

• State Transitions:

• Returns to chassis mode after the manipulator completes its task, enabling seamless integration between 

navigation and manipulation.

• Visualization and Feedback:

• Displays live video feed with bounding boxes, depth, and target coordinates for real-time monitoring.

• Waits for Arduino's confirmation after completing each action.



CONTROL SYSTEM – MOBILE MANIPULATOR
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CONTROL SYSTEM – WEB PAGE
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• Control Buttons for Manual Movement:

• Buttons to control the base movement in different directions (forward, backward, left, right).

• Stop button for halting all movement.

• Dedicated buttons for Clockwise (CW) and Counter-Clockwise (CCW) rotations for fine angular adjustments.

• Use Case: Enables the user to manually maneuver the robot base when precise or direct control is required.

• Sliders for Manipulator Control:

• Individual sliders to adjust the angles of the manipulator's joints (e.g., base, shoulder, elbow, wrist).

• A slider for controlling the gripper position.

• Real-time display of the current slider values.

• Use Case: Provides intuitive control of the robot arm's joints, allowing users to manipulate the arm into desired 

positions.



CONTROL SYSTEM – WEB PAGE
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• Streams live video from the robot’s camera.

• Visualizes the robot’s field of view in real-time.

• Use Case: Helps the operator monitor the environment and adjust actions based on visual feedback.

• Forward Kinematics (FK) Plot:

• Displays a 3D plot of the robot arm's current configuration using IKPy and Matplotlib.

• Automatically updates when sliders are adjusted or during autonomous operations.

• Use Case: Offers a visual representation of the arm's state, aiding in precise adjustments and verification of 

manipulator actions.

• Switch to Autonomous Mode:

• A toggle button to enable or disable autonomous mode.

• Transitions from manual control to fully autonomous operations, where the robot navigates and manipulates 

objects on its own.

• Use Case: Allows switching between manual and autonomous functionalities, providing flexibility for diverse 

scenarios.



CONTROL SYSTEM – WEB PAGE
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ERRORS ENCOUNTERED

92

1.Fabrication Misalignments:

1. Slight inaccuracies during assembly caused imperfect alignment of the chassis, which negatively affected the 

performance of the mecanum wheels.

2. Resulted in inefficient omnidirectional movement due to suboptimal contact between wheels and the 

surface.

2.Heavy Chassis Design:

1. The increased weight of the chassis led to uneven weight distribution, further reducing the ideal traction 

required for the mecanum wheels to function properly.

2. Affected smooth and precise movement, especially during rotations or transitions between directions.

3.Inconsistent Current Draw from Motors:

1. Soldering and wiring inconsistencies caused variations in current drawn by the motors, leading to uneven 

motor speeds.

2. Resulted in unpredictable behavior during manual and autonomous movement, especially during fine maneuvers.



LIMITATIONS
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• Camera Calibration Issues:

• Limited calibration accuracy affected the depth estimation and real-world coordinate mapping.

• Reduced the precision of object detection and manipulator positioning.

• Low Processing Power of Raspberry Pi:

• The limited computational capacity of the Raspberry Pi led to slower processing of real-time image data.

• Contributed to a delay in decision-making during autonomous operations.

• Low FPS (Frames Per Second):

• The low FPS from the camera resulted in slower response times for object detection and navigation.

• Made the robot less effective in dynamic environments with fast-moving objects or obstacles.



KEY TAKEAWAYS
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• Fabrication and electrical inconsistencies need to be addressed for better mechanical and electrical reliability.

• Upgrading hardware like the Raspberry Pi to a more powerful controller (e.g., NVIDIA Jetson or equivalent) can 

improve processing power and FPS.

• Enhanced calibration techniques or using a depth sensor and lighter chassis materials could significantly improve system 

performance.
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