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Summery  

  

Summary 

Nowadays, the use of robots is becoming widespread in some works such as 

transportation, sorting, stacking, cutting and assembling. Robotic systems, which have 

been used in industry, are basically divided into two main categories: Serial systems and 

parallel systems. 

This project presents the design and development of a compact _Parallel_ Delta Robot 

prototype aimed at performing automated pick-and-place operations. The motivation arises 

from the need for cost-effective, precise, and lightweight robotic systems for small-scale 

industrial and educational environments. 

 The Delta Robot structure was primarily fabricated using 3D printed materials and 

mounted on a wooden and plastic outer frame, controlled via Arduino Uno with cnc shield 

v3 and DRV8825 drivers. A gripper, powered by a servo motor, handles object 

manipulation, while a conveyor system assists in simulating real-world automation. 

 

The main objectives include developing the mechanical frame, integrating stepper 

motors and electronics, implementing control algorithms with inverse kinematics in 

Arduino, and simulating the robot’s motion and workspace using MATLAB. Various 

components were carefully selected, including NEMA 17 stepper motors, sensors, limit 

switches, fans, and protective electronics housed in a waterproof enclosure. The system 

achieved accurate motion control and demonstrated the feasibility of low-cost automation. 

 

Software tools used in this project included SolidWorks for CAD design, Arduino IDE 

for firmware development, MATLAB/Simulink for simulation, and Proteus for circuit 

testing. Experimental results confirmed the functionality of the prototype, though 

limitations remain in terms of industrial-grade precision. The project successfully 

combines theoretical modeling, hardware integration, and simulation into an educational 

robotic platform. 
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1 Chapter 1: Introduction 

 

   Overview  

With the industrial revolution, robots have become a part of our daily lives. 

Nowadays, the use of robots is becoming widespread in some works such as transportation, 

sorting, stacking, cutting and assembling. Robotic systems, which have been used in 

industry, are basically divided into two main categories: Serial systems and parallel 

systems. 

Today the manufacturing industry is evolving rapidly, heavily around the 

automatization of manufacturing processes that require high performance and low cost. 

Due to the low moment of inertia of the end effector, the delta robot can achieve high-

speed movement and while retaining high precision. Resulting in being a highly desired 

robot in the food, electrical, and pharmaceutical industry where fast pick-and-place is 

required [1]. Therefore, this project is designed to be used as a learning tool exploiting the 

bright future of the robotics industry. The robot will mainly be designed from 3D printed 

parts in polylactic acid (ABS, TPU Resin) designed in Solidworks software. The selected 

open-source single-board microcontroller is an Arduino Uno R3. A highly versatile open-

source microcontroller that allows for the connection of external accessories and includes 

an easy-to-use Integrated Development Environment (IDE) [2]., the Arduino will send the 

information to a driver controlling the position of the stepper motor. A gripper will be 

mounted to the moving platform as the end effector, powered by a 5g servo motor. 

Implementing the inverse kinematics of the robot in the Arduino code will allow the user 

to input the desired coordinate of the end effector down to millimeter precision. This will 

allow the user to explore robotics concepts such as work envelope, maxima speed, sensory 

feedback, and computer system for control. 
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  Problem Statement  

In many small industrial and laboratory settings, there is a rising need for compact, 

cost-effective, and precise robotic solutions for repetitive tasks. Conventional industrial 

robots are often too large, complex, and expensive for such environments. This project 

addresses these limitations by creating a Small Delta Robot that simulate the laboratory big 

projects, this robot is affordable, simple to construct, and efficient for lightweight pick-

and-place operations. 

Therefore, there is a demand for a small-scale, cost-effective Delta Robot that can 

efficiently perform these tasks with acceptable accuracy and speed.  

 Aim and Motivation 

Aim: The primary aim of this project is to design and implement a compact Delta 

Robot system capable of automated pick-and-place operations. 

Motivation:  

Motivation factors include: 

- To apply interdisciplinary knowledge combining mechanical design, electronics, and 

control systems. 

- To support the trend of Industry 4.0 by providing accessible robotic automation. 

- To demonstrate the feasibility of using affordable components like Arduino and 3D 

printing for effective automation solutions. 

 

 Project Objectives 

The main objectives of this project may be summarized in the following also describe 

in Table 1-1. 

❖ Design and fabricate a robust structure using steel, wood and 3D printed 

components where utilize lightweight and strong materials to ensure durability and 

flexibility. 

❖ Implement motion control using Arduino Uno, CNC Shield, and DRV8825 drivers. 

❖ Integrate stepper motors with limit switches for accurate positioning. 

❖  Design a basic pick-and-place gripper mechanism. 

❖ Implement a conveyor system synchronized with the Delta Robot. 
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❖ Develop Arduino programs for movement control and Serial Monitor interfacing. 

❖  Perform kinematic analysis using MATLAB, focusing on inverse kinematics. 

❖ Validate the complete system through experimental testing. 

 

Table 1-1  Objective Description. 

Obj.No. Objective Description 

1 Design and fabricate Delta Robot structure with wood and 3D printed parts 

2 Implement motion control using Arduino, CNC Shield, DRV8825 Drivers 

3 Install limit switches for stepper motor safety 

4 Develop and program the gripper mechanism  

5 Integrate with conveyor belt system 

6 Use MATLAB for inverse kinematic modeling 

7 Test and validate robot performance 

 

 

 Project Scope and Limitations   

• Scope: 

- Build a fully functional small-scale Delta Robot. 

- Employ 3D printing, steel and wood for mechanical parts. 

- Control the robot using Arduino Uno and monitor through Serial Monitor. 

- Implement basic safety mechanisms (Limit Switches, Emergency Stop). 

- Perform inverse kinematics analysis using MATLAB. 

 

• Limitations: 

- Handling lightweight objects only (up to 100 grams). 

- Limited reach (arm lengths ~15 cm upper, ~30 cm lower). 

- No integration of advanced vision systems. 

- Basic open-loop control, limited closed-loop correction. 
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   Project Methodology   

The methodology involves a systematic workflow beginning with literature review and 

conceptual design, followed by mechanical modeling, electrical system development, 

software programming, simulation, and testing. 

1. 1. Literature Review: Research on Delta Robots and parallel kinematic structures. 

2. 2. Mechanical Design: 3D modeling using Solidworks and preparing parts for 3D 

printing. 

3. 3. Electrical Design: Using Arduino Uno, CNC shield v3 DRV8825 drivers, NEMA 17 

motors, limit switches, LEDs, fans, conveyor, dc motors, sensors and power supply 

systems. 

4. 4. Fabrication: 3D printing structural components with ABS, TPU and resin, 

assembling the robot. 

5. 5. Software Development: Programming Arduino with Inverse Kinematics; interfacing 

via Serial Monitor. 

6. 6. Simulation and Testing: MATLAB simulation for kinematic analysis and practical 

testing of the prototype. 

7. 7. Troubleshooting and Optimization: Iterative refinement based on observed 

performance. 

1.6.1 Flowchart: Project Development Process 

The following flow describes the sequence of activities during the project development: 

Start 

  ↓ 

Literature Review 

  ↓ 

Mechanical and Electrical Design 

  ↓ 

3D Printing and Assembly 

  ↓ 

Software Programming (Arduino) 

  ↓ 

Simulation (MATLAB) 

  ↓ 

Testing and Troubleshooting 

  ↓ 

Final Adjustments and Validation 

  ↓ 

End 
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 Report Organization  

The rest of this report is organized as follows: 

▪ Chapter1: Introductions  

▪ Chapter2: Background and Literature Review 

 ▪ Chapter3: Projects Methodology 

 ▪ Chapter4: Mathematical Model & Simulation of The Proposed System  

▪ Chapter5: Implementation of The Proposed System & Experimental Results 

 ▪ Chapter6: Conclusions and Future Work
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2 Chapter 2: Background and Literature Review 

 

 Background  

2.1.1 Introduction 

Robotics is a multidisciplinary field integrating mechanical engineering, electronics, 

computer science, and control systems. Robots have been increasingly employed in 

industries to perform repetitive, hazardous, or high-precision tasks, leading to improved 

efficiency and safety. Among the diverse robotic configurations, the Delta Robot stands 

out for its high speed, light weight, and excellent accuracy, making it ideal for pick-and-

place operations. Delta Robots utilize a parallel kinematic structure as shown in   Figure 

2-1 and Figure 2-2, where multiple arms control a single end effector, resulting in faster 

and more stable movements compared to serial robots [1]. 

 

Figure 2-1  Typical Delta Robot Structure (skitch). [2] 
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Figure 2-2  Typical Delta Robot Structure.[2] 

 

2.1.2 Historical Background 

The Delta Robot was invented by Reymond Clavel in 1985 [3], Reymond Clavel 

and his team at the Robotics Systems Laboratory at Ecole Polytechnique Federale de 

Lausanne (EPFL) began the research that would produce the delta robot following a visit to 

a chocolate factory. Clavel’s team was looking for repetitive labor applications for robots, 

and they found that the packaging of chocolate pralines was a candidate for this type of 

high-speed, low-payload automation. 

Clavel’s team began by setting constraints on their design. First, the robot must perform at 

a rate of 3 picks per second. In order to place the chocolates correctly, the mobility of the 

robot required 4 degrees of freedom: translations along 3 axes, as well as rotation about the 

vertical axis. In order to achieve a high rate of work, Clavel added two more constraints to 

the design: the actuators of the robot would be fixed on the frame, and the moving part of 

the robot would be kept as light as possible. 

Six months after the visit to the chocolate factory, a prototype of the delta robot was 

complete; by December as shown in Figure 2-3, a patent was filed. Two years later, the 
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 delta robot was industrialized by a small company called Demaurex Robotics and 

Microtechnology. 

 

Figure 2-3  The first prototype of the delta robot (January 1986).[4] 
 

 Literature Review 

The Delta Robot concept has been extensively studied and refined in both academic 

research and industrial applications. This section presents a review of selected studies and 

implementations relevant to the design and operation of Delta Robots, focusing on 

mechanical.[5] 

2.2.1 Summary of Key Studies 

- Clavel (1985) introduced the original Delta Robot design, optimizing for speed and    

minimal inertia [2]. 

- Zeng et al. (2008) presented an improved Delta Robot structure using carbon fiber 

materials to reduce weight and increase stiffness [4]. 

- Lee and Chang (2012) implemented vision-guided Delta Robots for automated high-

speed sorting in the electronics industry [3]. 

- Pashkevich et al. (2010) developed a stiffness model for Delta Robots to predict 

deformation under load [4]. 

The below Table 2-1 will describe the differences.  
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 Table 2-1 Literature Review Comparison. 

 

There are a lot of delta robot over the time furthermore the previous as shown in Figure 2-4 

 

Figure 2-4  Evolution of Delta Robots Over Time. 

  

Study Focus Area Key 

Contribution 

Material Used Application 

Clavel (1985) Design Original Delta 

Robot concept 

Aluminum Pick and Place 

Zeng et al. 

(2008) 

Structural 

Enhancement 

Lightweight 

carbon fiber 

arms 

Carbon Fiber Packaging 

Automation 

Lee and Chang 

(2012) 

Control System Vision-guided 

sorting 

Aluminum Electronics 

Industry 

Pashkevich et 

al. (2010) 

Mechanical 

Analysis 

Stiffness 

modeling 

Various Industrial 

Robotics 
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2.2.2 Literature Review Conclusion 

Based on the literature, the Delta Robot remains a leading choice for high-speed, 

precise automation tasks. Advancements have predominantly focused on enhancing 

material properties for better performance, integrating intelligent control systems, and 

extending the application domains. Despite these improvements, challenges like dynamic 

stability and workspace optimization continue to be active areas of research [4]. Our 

project builds on these foundational works by focusing on affordability and ease of 

fabrication using 3D printing and accessible electronics and simple controllers. 
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3 Chapter 3: Project Design and Components 

 

  Introduction 

This chapter outlines the complete design of a delta robot and the components used in 

the implementation of the Small Delta Robot. It presents the specifications, CAD designs, 

and all mechanical, electrical, and control parts involved in building the robot. 

 

 Project Specifications 

The Small Delta Robot is designed for simple pick-and-place tasks using a lightweight 

structure. It consists of a 3D-printed robot body mounted on a wooden outer frame, 

controlled by an Arduino Uno with cnc shield and DRV8825 drivers. The following 

specifications shown in Table 3-1 define the key parameters of the system: 

Table 3-1  Delta Robot Specifications. 

No. Specification Value 

1.  Robot Type 3DOF Delta Robot (Parallel) 

2.  Project Function Pick and place 

3.  Operating Power 12v 

4.  Controlling Arduino Uno with DRV8825 drivers 

5.  Motor Type Stepper Motor Nema 17 

6.  Communication USB 

7.  Safety Emergency Push Button 

8.  Upper base Diameter 100 mm 

9.  End Effector Diameter 90 mm 

10.  Upper Arm Length 120 mm 

11.  Lower Arm Length 300 mm 

12.  Motor Angle Separation 120° 
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 Project Design 

3.3.1 Design environment 

The Most of mechanical parts and assemblies of the Delta Robot were designed using 

SolidWorks, a parametric CAD software. 

The environment allowed for precision modeling and simulation of motion and mechanical 

interference.[7] 

 

• SolidWorks Environment: 

SolidWorks is a powerful computer-aided design (CAD) software widely used for 3D 

modeling, simulation, and product design. It allows engineers and designers to create 

detailed 3D models and assemblies of mechanical components, making it an essential tool 

in various industries, including robotics, automotive, aerospace, and consumer products. 

With SolidWorks, users can create intricate 3D models of parts and assemblies, enabling 

them to visualize complex designs.[6] The software also includes simulation tools that help 

analyze how designs will perform under different conditions, assessing structural integrity 

and motion. Additionally, SolidWorks facilitates the assembly of multiple parts, allowing 

designers to see how components interact and fit together. It can also generate 2D 

drawings from 3D models, providing the detailed documentation necessary for 

manufacturing. 

 

3.3.2 Upper Body Design 

The upper body as shown in figures below (Figure 3-1, Figure 3-2, Figure 3-3)include 

the stepper motors hub which the motor arranged at 120° to each other else the upper arms 

(arm movement transmission)  and is 3D-printed using ABS and Resin .[9] It supports the 

pulleys and GT2 timing belts for arm movement transmission. 
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Figure 3-1  upper body (motor hub) 

 

 

Figure 3-2  upper body (upper link) 
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Figure 3-3  upper body (Motor hub – and upper Arms) 

 

3.3.3 Lower Body Design 

The lower body as shown in figures below (Figure 3-4, Figure 3-5, Figure 3-6,     

Figure 3-7) include the joints ball, links and end effector. 

 

Figure 3-4  lower body ( joint ball) 
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Figure 3-5  lower body (joint ball with link). 

 

 

Figure 3-6  lower body (End effector). 

 

Figure 3-7  lower body. 
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3.3.4 Gripper Design 

The gripper, 3D-printed in ABS, TPU for enhanced precision, connects to the end 

effector and contain the servo motor SG90g. It is designed to pick small parts from the 

conveyor. It is lightweight and mounted on the triangular moving platform via linkages. 

The gripper and it`s parts shown in figures (Figure 3-8, Figure 3-9) below: 

 

 

Figure 3-8  Gripper parts (Box - Holder - Gears). 

 

 

Figure 3-9  Gripper. 
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3.3.5 Delta Robot Design Assembly 

The assembled robot in SolidWorks as shown in Figure 3-10 below includes all parts 

aligned with joints and motion constraints. 

 

 

Figure 3-10  Delta Robot assembly. 
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 Hardware Components (Project parts) 

In this section, we will show the hardware components that divide into four sections: 

3.4.1 3D Printed Parts 

The following Table 3-2 shows the main 3D printed parts used in the robot: 

Table 3-2  3D Printed Parts. 

Part Component Quantity Material 

Upper Body Delts Robot Motor Hub  1 ABS 

Delta Robot Arm Segment 3 ABS 

 

 

Lower Body 

Rod End Bearing  12 ABS 

joint link 6 Resin 

 Spring Stick  12 Resin 

Base - End effecter  1 ABS 

Joint Ball  12 Resin 

link Cover  12 Resin 

 

 

Gripper 

Flexible Gripper - control Gear 1 Resin 

Flexible Gripper _ Soft Hold 2 TPU 

Flexible Gripper _Driven Gear 1 ABS 

Flexible Gripper _Box 1 ABS 

Flexible Gripper _Lib 1 ABS 

Flexible Gripper _Top 1 ABS 

 

These components are fabricated using ABS filament with FDM 3D printing. The 

strength and weight considerations were balanced to ensure reliable movement. Also use 

Resin for mechanical small Joints and links, it has an excellent mechanical Propriety. TPU 

has elastic Propriety.[9] 

The following Figure 3-11 shows the main 3D printed parts used in the robot and 

Figure 3-12. shows the all parts STL in Cura Program: 
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Figure 3-11  3D Printed Parts.  

 

 

Figure 3-12 All 3D printed parts as STL. 
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3.4.2 Controlling Components 

The control system is centered around Arduino UNO with driver circuits and safety 

mechanisms. The following Table 3-3. shows the main Controlling Components used in 

the robot: 

Table 3-3  Controlling Components. 

Component Quantity Function 

Arduino UNO 1 Main microcontroller 

CNC Shield 1 Connect all parts  

DRV8825 Driver 3 Stepper motor control 

 

 

3.4.2.1 Arduino UNO 

The main microcontroller in our robot. The UNO board shown in Figure 3-13 is the 

flagship product of Arduino. Use the UNO R3 as a tool for education purposes or industry-

related tasks, the UNO R3 is a flexible treatment controller board.[10] 

 

Figure 3-13 Microcontroller Arduino Uno.[10] 
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3.4.2.2 CNC Shield V3 

 The CNC Shield V3 as shown in Figure 3-14 is an expansion board for the Arduino 

Uno that allows you to easily control a CNC (Computer Numerical Control) machine. It is 

designed to be compatible with GRBL firmware, making it ideal for DIY CNC projects. 

This shield can control up to four stepper motors and includes sockets for A4988 or 

DRV8825 stepper motor drivers.[14] 

➢ Applications:  

1. DIY CNC machines 

2. 3D printers  

3. Laser cutters Engraving machines  

4. Robotics projects 

 

Figure 3-14  CNC Shield V3. 

 

➢ Technical Specifications: 

1. Input Voltage: 12-36V DC. 

2. Supported Stepper Drivers: A4988, DRV8825. 

3. Number of Axes: 4 (X, Y, Z, A) . 

4. Micro stepping Settings: Full step, half step, 1/4 step, 1/8 step, 1/16 step.  

5. Compatible Microcontroller:  Arduino Uno. 

6. Dimensions: 68 x 53 mm. 
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3.4.2.3 DRV8825 Driver 

It is a breakout board for the Texas Instruments DRV8825 stepper motor controller, 

see Figure 3-15. You can use this board to act as interface between your microcontroller 

and stepper motor. The DRV8825 is able to deliver up to 2.5A and can be controlled with a 

simple step/direction interface.[13] The controller has a resolution of min. 1/32 step and 

protective features for over-current, short circuit and over-temperature. The DRV8825 

driver specifications are declare in Table 3-4  DRV8825 driver specifications.  

Table 3-4  DRV8825 driver specifications. 

Controller DRV8825 

Operating Voltage (logic) 3-5.25V 

Operating Voltage (vmot) 12-24V 

Max current 2.5A 

Dimensions 20.4x15.6mm 

 

 

Figure 3-15  DRV8825 Driver.[13] 

 

 

 

 

 



 

26 

 

Project Design and Components Chapter 3 

 

The following Table 3-5 explains and declares the DRV8825 Pins Function: 

Table 3-5  DRV8825 Pins Function. 
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3.4.3 Electric Components  

Electrical parts as shown in Table 3-6. provide power, safety control, and visual 

feedback. Electronic components are the basic elements that form the basic parts of 

electronic circuits. Here is a general guideline on our electronic components in Delta robot. 

Table 3-6  Electrical Components. 

 

 

 

 

 

 

Component Quantity Function 

NEMA 17 Stepper Motor 3 Motion generation  

Power Supply 1 12V, 16A 

Step-down Converter 1 Voltage regulation 

Servo Motor SG90 1 Gripper move 

DC Gear Motor  1 Moving the conveyor 

Emergency Stop 1 Safety shutdown 

Toggle Switch 1 Start – Stop switch 

Limit Switch 3 Axis end detection 

Start, Stop Pushbutton 1 Start – Stop  

Indicator Lamp 2 Red (Stop), Green (Start) 

Temp Sensor 1 Monitor temperature 

IR sensor 1 Detect product in conveyor 

Power Relay MY2N 1 Latching start and stop lamp 

5V Mount Relay – SPDT 1 Starting fan 

Water Proof Box  1 For electric components 

DC Fan 1 Cooling 

Wires & Connectors Several Connect the circuit 
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3.4.3.1 NEMA 17 Stepper Motor 

A stepper motor to satisfy all your robotics needs! See, Figure 3-16. This 4-wire 

bipolar stepper has 1.8° per step for smooth motion and a nice holding torque. The motor 

was specified to have a max current of 350mA so that it could be driven easily with an 

Adafruit motor shield for Arduino (or other motor driver) and a wall adapter or lead-acid 

battery.[11] 

 

Figure 3-16  Nema 17 Stepper Motor.[11] 

 

❖ Technical Details:  

1. 200 steps per revolution, 1.8 degrees.  

2. Coil #1: Red & Yellow wire pair. Coil #2 Green & Brown/Gray wire pair. 

3. Bipolar stepper, requires 2 full H-bridges!  

4. 4-wire, 8-inch leads.  

5. 42mm/1.65" square body.  

6. 31mm/1.22" square mounting holes, 3mm metric screws (M3).  

7. 5mm diameter drive shaft, 24mm long, with a machined flat. 

8. 12V rated voltage (you can drive it at a lower voltage, but the torque will drop) at                 

350mA max current.  

9. 28 oz*in, 20 N*cm, 2 Kg*cm holding torque per phase.  

10. 35 ohms per winding. 
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3.4.3.2 Servo Motor SG90s 

The MG90S 180° metal gear servo motor as shown in Figure 3-17 is a compact and 

powerful motor ideal for robotics, Arduino, and electronics projects. It’s a popular choice 

among hobbyists and students due to its reliability, precision, and lightweight design. This 

servo motor comes with full metal gears and a ball bearing setup, ensuring durability and 

smooth operation for various applications like robotic arms, sensor positioning, or RC 

models. 

 

Figure 3-17  Servo Motor SG90s. 

 

❖ Specifications: 

- Model: MG90S. 

- Operating Voltage: 4.8V to 6V (typically 5V).  

- Rotation Angle: 0° to 180°.  

- Stall Torque: 1.8 kg/cm (4.8V), 2.2 kg/cm (6V). 

- Operating Speed: 0.1s/60° (at 4.8V). 

- Gear Type: Metal Gears with Full Ball Bearing Weight: 12.2 grams. 

- Dimensions: 22.8 x 12.2 x 28.5 mm. 

- Wiring: Red (VCC), Brown (GND), Orange (Signal). 

- Package Includes: Servo motor with gear horns and screws. 



 

30 

 

Project Design and Components Chapter 3 

3.4.3.3 Power Supply 

- Code: WP-12A16 

- Name: Rainproof power supply. See, Figure 3-18. 

 

➢ Features  

- Aluminum cabinet with small space but good heat dissipation.  

- Rainproof design to avoid electric shock, protect terminal box, and prevent touch.  

- Overload, overheat, short circuit and other protection functions. 

 

Figure 3-18  12V 200W LED Outdoor Rainproof Switching Power Supply. 

 

3.4.3.4 Step-down Converter  

LM2596 DC – DC converter stepdown shown in Figure 3-19. 

• Product details 

- Input voltage range: DC 3.2V to 35V (input voltage must be higher than the 

voltage output to 1.5V or more cannot be boosted.) 

- Output: 1.25V to 30V DC voltage is continuously adjustable, high efficiency 

and maximum output current of 3A. 

- All solid capacitors using SANYO 

- 36u thick circuit boards 

- High-Q inductors with high power output LED indicator 
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Figure 3-19  DC-DC Converter Step Down. 

 

 

3.4.3.5 Emergency Stop (On – Off Push Button) 

On – Off push button. See, Figure 3-20.  

 

Figure 3-20  Emergency Stop (On – Off Push Button). 

 

 

 

 

 



 

32 

 

Project Design and Components Chapter 3 

3.4.3.6 Toggle Switch SPDT 

➢ Description 

This Mini Panel Mount SPDT Toggle Switch as shown in Figure 3-21. is great for any 

project where you have two options to select between. Maybe you'll be selecting between 

two voltages? Two audio outputs? Two sensor inputs? It's up to you! It's short, sweet, blue, 

and to the point! The part is marked at 6A 125VAC but we haven't tested it at such high 

current/voltages and don't recommend it for more than 1A at 24V. 

 

➢ Features 

- SPDT 3 Terminal ON-ON 2 - Position Latching Toggle Switch.  

- Each switch is assembled with two hex nuts, a flat and a locking washer. 

- Easy installation, fits into any 6mm hole.  

 

➢ Technical Details 

- Product Dimensions: 32.9mm x 13.1mm x 12.0mm / 1.3" x 0.5" x 0.5"  

- Product Weight: 5.0g / 0.2oz 

 

 

Figure 3-21  Toggle Switch SPDT (On - Off - On) 
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3.4.3.7 Limit Switch (End Stop) 

This lever end stop switch module is designed for use as an end stop for 3D printers 

but it can be used for other contact detection applications as well. See, Figure 3-22. 

 

Figure 3-22  Limit Switch (End Stop Sensor). 

➢ Module Connections  

Note that the board is not labeled, but you can go by the cable wire colors to make 

connections 1×4 Connectors 

- Red Wire = VCC (3.3 or 5V to match the uC.) 

-  Black Wire = Ground which should be common with the uC.  

- N/C = Not connected, but is grounded on module side 

-  Green Wire = Signal output of the module.  This pin is normally pulled HIGH via 

a 10K pull-up resistor.  When the switch is depressed, the output goes LOW 

(shorted to ground). 
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3.4.4 Start /Stop Pushbutton Box 

It’s shown in Figure 3-23. 

 

Figure 3-23  Start /Stop Pushbutton Box. 

 

3.4.4.1 Indicator Lamp (Start - Stop) 

See, Figure 3-24. 

 

Figure 3-24  Indicator Lamp (Start - Stop Condition). 
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3.4.4.2 Temperature Sensor  

A temperature sensor as shown Figure 3-25 is an integrated circuit sensor that 

measures the centigrade temperature and provides an output voltage that is linearly 

proportional to the temperature.  

 

Figure 3-25  Temperature Sensor. 

 

3.4.4.3 IR sensor 

Infrared IR Obstacle Avoidance Sensor Board 3 Pin is perfect for Arduino or Micro: 

bits. See, Figure 3-26. The Infrared Obstacle Avoidance Sensor has a pair of infrareds 

transmitting and receiving sensors. The infrared LED emits Infrared signals at a certain 

frequency. Then when an obstacle appears on the line of infrared light, it is reflected by the 

obstacle. When the sensor detects an obstacle, the LED indicator lights up, giving a low-

level output signal in the OUT pin. The sensor detects a distance of 2 – 30cm. 

Additionally, the sensor has a potentiometer that can be adjusted to change the detection 

distance. 

 

Figure 3-26  Infrared IR Obstacle Avoidance Sensor Board 3 Pin. 
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3.4.5 Power Relay MY2N 

220/240V AC Coil DPDT Power Relay MY2N 8 Pin DPDT general purpose relay. 

The relay plays the role as a protector or a circuit switch. It can protect your electric 

equipment very well. See, Figure 3-27.  

➢ Specifications: 

- Product Name: Power Relay. 

- Relay Model No.: MY2N-J. 

- Coil Voltage: AC 220-240V. 

 

Figure 3-27  220/240V AC Coil DPDT Power Relay MY2N. 

 

 

3.4.6 5V PCB Mount Relay – SPDT 

A relay is an electrically operated switch. Shown in Figure 3-28. It consists of a set of 

input terminals for single or multiple control signals, and a set of operating contact 

terminals. Relays are used where it is necessary to control a circuit by an independent low-

power signal, or where several circuits must be controlled by one signal. 

 

➢ Specifications: 

- Relay Type: SPDT  

- Coil Voltage Rating: 5V 
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Figure 3-28  5V 3A PCB Mount Relay – SPDT. 

 

3.4.6.1 Water Proof Box 

See, Figure 3-29. 

 

Figure 3-29  Water Proof Box (Box for Electrical Parts). 

 

• General description  

- Brand: Hi-Tech  

- Product: Waterproof Box ip65  

- Size: 230x190x60mm  

- Purpose use: External Boxing 

- Color: White  

- Material: Plastic 
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3.4.7 Mechanical Components 

These mechanical parts provide motion and structural functionality. The following 

Table 3-7 shows the main Mechanical Components used in the robot: 

 

Table 3-7  Mechanical Components. 

 

3.4.7.1 Round Metal Rod 

• General description  

- Product Name: Round Metal Rod. Shown in Figure 3-30. 

- Material: Metal. 

- Size: 5mm x 100mm (0.2" x 4") (D*L); For: DIY RC Model. 

- Net Weight: 77g; Main Color: Silver Tone. 

- Package Content: 5 Pcs x Round Metal Rod. 

 

Figure 3-30  Round Metal Rods M5*100mm. 

 

Component Quantity Function 

Round Metal Rod 2 Connect motor hub with arms 

GT2 Timing Belt 3 Transmitting motion 

Bearings 6 Joint smooth motion 

Pulleys 3 Motion translation 

Conveyor Belt 1 Object transportation  

Wooden Frame Frame External structure 

Screws many Connect Hardwares  
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3.4.7.2 Pulleys and GT2 Timing Belt 

It’s shown in Figure 3-31.  

 

 

Figure 3-31  Pulleys and GT2 Timing Belt.[14] 

 

 

 

3.4.7.3 Bearings (685zz) 

See, Figure 3-32. 

 

Figure 3-32 Bearings. 
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3.4.7.4 Screws   

See, Figure 3-33. 

 

Figure 3-33 Types of Screws and nuts using in Project. 
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4 Chapter 4: Requirements Analysis and Modeling  

 

 Introduction 

This chapter presents a comprehensive analysis of all requirements for the Small Delta 

Robot—functional, non‑functional, hardware and software, and then develops its kinematic 

models (forward and inverse), performs workspace analysis, and describes the simulation 

tools used to validate the design.[15] 

 To derive a workspace of the Delta robot, the Cartesian reachable position of the 

Delta-robot end effector can be efficiently identified using an inverse kinematics. By 

varying upper-arm and fore-arm lengths, a maximize workspace for a desired reachable 

work area could be obtained. Furthermore, a trajectory tracking of the Delta robot for pick-

and-place operation can be analyzed in terms of load-carrying ability using simplified 

dynamic equations such that proper actuators and gears could be correctly chosen in the 

design phase before constructing the Delta robot.[16] 

 

 Requirements Analysis  

4.2.1 Functional Requirements 

Functional requirements define what the Delta Robot system is expected to perform. 

These include movement control, object manipulation using the gripper, interaction with 

the conveyor belt, and responding to emergency stop commands as they described in  

Table 4-1. 
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Table 4-1  Description of the functional requirements. 

Req.ID Description Priority 

FR1 Move end-effector to a desired X, Y, Z 

position 

High 

FR2 Grip and release objects from the 

conveyor 

High 

FR3 Stop robot immediately in case of 

emergency 

Critical 

FR4 Read position sensors and limit 

switches 

Medium 

FR5 Provide feedback through indicator 

LEDs 

Low 

FR6 Provide real‑time status via Serial 

Monitor 

_____ 

 

The functional requirements shown above in Table 4-1. outline the core tasks that the 

system must perform. High priority tasks focus on the motion control of the Delta Robot, 

while secondary tasks like LED indicators serve to improve system usability. 

 

4.2.2 Non-Functional Requirements 

Non-functional requirements specify criteria that can be used to judge the operation of 

a system, rather than specific behaviors. 

Table 4-2  Description of the Nonfunctional requirements. 

Req.ID Description Importance 

NFR1 System must operate continuously for at least 4 

hours 

High 

NFR2 Heat dissipation through cooling fan must 

maintain safe temperature 

High 

NFR3 Power consumption must remain under 200W Medium 

NFR4 Circuitry must be protected using waterproof 

enclosures 

Medium 

NFR5 Energy efficiency with 12 V supply Medium 
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These non-functional requirements as describe in Table 4-2. above aim to ensure the 

stability and efficiency of the system in the long term, particularly during extended 

operational periods. 

 

  Software Requirements & Analysis 

The project uses the following software tools: Arduino IDE for firmware development, 

MATLAB/Simulink for kinematic modelling and workspace simulation, SolidWorks for 

mechanical design, and Proteus for circuit capture and co‑simulation as shown in        

Table 4-3. 

Table 4-3 Software Tool Requirements. 

Software Purpose Version Soft. Icon 

Arduino IDE 
Firmware coding & 

Serial Monitor 
1.8.7 

 

MATLAB & 

Simulink 

Kinematic modelling 

& 2D/3D simulation 
R2022a 

 

SolidWorks 
3D CAD & Motion 

Study 
2023 

 

Proteus 8 

Circuit capture & 

SPICE/MCU 

co‑simulation 

8.13 
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  Kinematic Modelling 

Unlike the more common serial-geometry mechanisms, all three of the primary 

actuators of this parallel mechanism work together to produce the three Cartesian 

translation degrees of freedom. 

Kinematic modelling of the Delta Robot is essential to determine the mathematical 

relationship between the position of the end-effector and the joint angles of the actuators. 

This section covers both the forward and inverse kinematics models of the Delta Robot 

along with workspace analysis. 

In general, parallel robot is a closed-loop manipulator, see Figure 4-3, Figure 4-3 

which is rather inconvenient for kinematic calculation. The movable platform remains 

connected to the base platform, and the direction around the vertical axis on the base plate 

is zero at all times. As shown on Figure 4-1, it is stationary, movable platforms are circular 

with radius of R, and r. Junction points of stationary platform to stationary poles are S1, S2 

and S3. x, y, and z coordinates of these points are provided in 4-1. Motors used in the 

movable and stationary platform have been placed with the angle of 120. Geometrical 

parameters of the Delta-type parallel robot are shown on Figure 4-2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2  Geometrical 

parameters of the Delta-type 

parallel 

 

 

Figure 4-1  Stationary and movable platform 

of the Delta-type. 
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Junction points of the movable platform to parallelograms are H1, H2 and H3 points. x, 

y, and z coordinates of these points are provided in 4-2. 

 

 

 

Our delta robot Parameters is shown in Table 4-4.   

Table 4-4  The Physical Parameters of a Delta type Parallel. 

 

 

Figure 4-3 Motion of the Delta robot. 
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Parameter Symbols Value (cm) 

Upper Arm Length  LB 12 

Lower Arm Length  LA 30 

Base Radius R 5 

End-effector Radius r 4.5 

Angle between arms θm 120° 
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4.4.1 Forward Kinematics (FK)  

The forward kinematics also called the direct kinematics of a parallel manipulator 

determines the (x, y, z) position of the travel plate in base-frame, given the configuration of 

each angle θi of the actuated revolute joints, see Figure 4-4. 

Given the actuator angles θ1, θ2, θ3, the position of each upper joint is calculated, and a 

set of nonlinear equations based on the spherical joints of the parallelogram is solved to 

find the intersection point of the three spheres that represent the lower arms.

 

Figure 4-4  forward kinematics transforms the three-arm angle positions1,2,3 into the 

x, y and z components of the TCP position.[19] 

 

 

The position of each spherical joint can be expressed as a function of its rotation angle and 

the geometry of the arms. Solving for the common point yields the Cartesian coordinates 

of the end-effector. 

Forward kinematic equations, calculating the xyz cartesian space of the robot's junction 

lead position in junction variable values through the use of such angles, were calculated as 

follows.[17] 

 

 

 

 

𝑥𝑖 = (𝑅 + 𝐿𝐴 𝑐𝑜𝑠 𝜃𝑖) 𝑐𝑜𝑠 𝛼𝑖 
4-3 

 

𝑦𝑖 = (𝑅 + 𝐿𝐴 𝑐𝑜𝑠 𝜃𝑖) 𝑠𝑖𝑛 𝛼𝑖 

 

4-4 

 

𝑧𝑖 = 𝐿𝐴 𝑠𝑖𝑛 𝜃𝑖 
4-5 
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Geometrical parameters of the delta robot are LA, LB, R, r and 𝜃𝑖 as defined on Figure 4-2, 

and the variables are the junction angles defining the 𝑖 = 1,2,3… configuration. According 

to the aforementioned equations, there are three unknowns (x, y, z). Therefore, three 

equations have been attained by replacing such unknowns with ' 𝑖 ' values. 

 

 

 

 

 

 

When the equations above are solved in turn and certain limitations were applied for 

ease of operation, the following equations were attained.[16] 

 

 

 

 

In general, there are two possible solutions; which are the two possible configurations 

for the given junction angles from the movable platform to the base. Equation 13 was 

obtained upon use of an epitomic resultant vector value. 

 

 

 

 

 

(𝑥 − 𝑥𝑖)2 +  (𝑦 − 𝑦𝑖)
2 +  (𝑧 − 𝑧𝑖)

2 =  𝐿𝐵 2 4-6 

(𝑥 − 𝑥1)2 +  (𝑦 − 𝑦1)2 +  (𝑧 − 𝑧1)2 =  𝐿𝐵 2 4-7 

(𝑥 − 𝑥2)2 +  (𝑦 − 𝑦2)2 +  (𝑧 − 𝑧2)2 =  𝐿𝐵 2 4-8 

(𝑥 − 𝑥3)2 +  (𝑦 − 𝑦3)2 +  (𝑧 − 𝑧3)2 =  𝐿𝐵 2 4-9 

 

4-10 

 
4-11 
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4.4.2 Inverse Kinematics (IK) 

Inverse kinematics involves determining the required angles θ1, θ2, θ3 for a given end-

effector position (x, y, z) as shown below Figure 4-5. This is more computationally 

efficient than forward kinematics and is usually used in real-time control.[16] 

 

Figure 4-5 inverse kinematics transforms the robots TCP position (x,y and z 

component) into the three upper arm.[19] 

 

Inverse kinematic problem is caused by  

determining the θi (i =1,2,3) angle values in cases of characteristic point or the end 

effector (TCP-Tool Center Point) positions based on general coordinates: xp, yp, zp 

The equations provided above are the general equations intended for inverse kinematic 

analysis of the system.[17] 

 

 

𝑎𝑖 + 𝑏𝑖𝑐𝑜𝑠𝜃𝑖 +  𝑐𝑖𝑠𝑖𝑛𝜃𝑖 = 0 4-12 

𝑎𝑖 = ((𝑅 − 𝑟)𝑐𝑜𝑠𝑎𝑖 − 𝑥)2 +  ((𝑅 − 𝑟)𝑠𝑖𝑛𝜃𝑖 − 𝑦)2 +  𝑧2 − 𝐿2
2 −  𝐿1

2  4-13 

𝑏𝑖 = 2((𝑅 − 𝑟)𝑐𝑜𝑠𝑎𝑖 − 𝑥)𝐿1𝑐𝑜𝑠𝑎𝑖 + 2((𝑅 − 𝑟)𝑠𝑖𝑛𝑎𝑖 − 𝑥)𝐿1𝑠𝑖𝑛𝑎𝑖 4-14 

𝑐𝑖 = 2𝑧𝐿𝑖 
4-15 

𝜃𝑖 = 2𝑎𝑟𝑐𝑡𝑎
−𝑐𝑖 ∓ √𝑐𝑖

2(𝑎𝑖
2 − 𝑏𝑖

2)

(𝑎𝑖 − 𝑏𝑖)
 

4-16 
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For the 3-DOF parallel manipulator with the system structure, each arm can satisfy the 

same TCP with to different approaches which were called elbow up and elbow down for 

the serial robot. Together the three arms of the 3-DOF parallel manipulator result in eight 

different combinations of the θ vector for a single goal, see Figure 4-6. 

 

Figure 4-6  The eight solutions of the inverse kinematic for a Delta-3 robot.[20] 

 

4.4.3 Jacobian Matrix and Conditioning Index (CI)  

The Jacobian matrix is defined as the matrix that maps the relationship between the 

velocity of the moving platform and the vector of actuated joint rates. Then we should 

firstly consider the velocity equation of the robot to get the Jacobian matrix.[16] 

 Equations 4-6 can be differentiated with respect to time to obtain the velocity 

equations, which leads to:  

(𝑧 −  𝑧𝑖)𝑧˙ 𝑖 =  (𝑥 −  𝑥𝑖)𝑥˙ +  (𝑦 −  𝑦𝑖)𝑦˙ +  (𝑧 −  𝑧𝑖)𝑧˙ 

Rearranging Equations 4-12 leads to an equation of the form 
4-17 

 ρ˙ =  Jp˙ 

where p˙ is the vector of output velocities defined as: 
4-18 

p˙ =  (x˙ y˙ 𝑧˙)T  

and ρ˙ is the vector of input velocities defined as: 
4-19 

ρ˙ =  (z˙1 z˙2 z˙3  )T  4-20 
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Then, the Jacobian matrix of the robot can be written as: 

 

 

 

 

The conditioning index (CI) is defined as the reciprocal of the condition number of the 

Jacobian matrix. That is 

  

 

where κ is the condition number of the Jacobian matrix, and κ = ∥ J−1 ∥ ∥ J ∥   in which 

 ‖ ·‖ denotes the any norm of a matrix.[18] In fact, the condition number of a matrix is used 

in numerical analysis to estimate the error generated in the solution of a linear system of 

equations by the error on the data. When applied to the Jacobian matrix, the condition 

number will give a measure of the accuracy of the Cartesian velocity of the moving 

platform and the static load acting on the moving platform. µ is a value between 0 and 1. 

Actually, the CI µ is such an all-around index that can evaluate the dexterity, isotropy, as 

well as the static stiffness of a robot. It can also be used to evaluate the distance to the 

singularity.  

µ = 1 means the robot is in its isotropy configuration. 

 When µ = 0, the robot is in its singularity, where the robot will be out of control. 

Therefore, the larger the CI, the farther the distance to the singularity.[17] 

 

 

 

 

 

 

 

4-21 

µ =  
1

𝜅
  4-22 
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 Workspace Analysis 

The workspace is defined as the volume in which the end-effector can reach. It is 

limited by the physical dimensions of the robot and mechanical constraints. 

Parameter Value (cm) 

Upper Arm Length (L) 12 

Lower Arm Length (l) 30 

Base Radius 5 

End-effector Radius 4.5 

Angle between arms 120° 

  

One of the disadvantages of parallel robots is their relatively small workspace as 

shown in Figure 4-7. Moreover, there are some irregular protuberances, where a robot is 

always in or near the singular pose.[20]  

 

Figure 4-7  Work envelope. 

 

Using these parameters, the workspace can be simulated in MATLAB by sweeping 

valid ranges of angles for each motor and checking feasible end-effector positions. The 

workspace is roughly a bowl-shaped volume with limited vertical range.[21] 

 See following figures Figure 4-8, Figure 4-9, Figure 4-10. 

MATLAB enables engineers to visualize the dome-like workspace and identify reachable 

regions and constraints. 
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Figure 4-8  2D XY Projection of Delta Robot Workspace. 

 

Figure 4-9  3D Visualization of Delta Robot Workspace. 

 

Figure 4-10  2D XZ Projection of Delta Robot Workspace. 
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5 Chapter 5:  Implementation & Experimental Results 

 

 Introduction  

This chapter presents the practical realization and experimental validation of the Delta    

Robot prototype. After completing the mechanical design and system integration. 

 The implementation phase involved constructing the Delta robot hardware, integrating 

the electronics, writing control software, and conducting experiments. This chapter 

documents each step: building the mechanical frame, assembling the arms and joints, 

wiring the electronics, programming the microcontroller, and validating the system via 

simulation and testing. The goal is to show how the design from earlier chapters was 

realized in practice and to report the performance metrics. 

 Project Assembly 

5.2.1  Structural Frame Construction 

 The structural frame of the Delta Robot was built using a combination of wood, 

plastic, and foam. The lower base was constructed as a triangular wooden plate with each 

side measuring 55 cm and internal angles of 60°, supported by vertical plastic pillars. The 

triangular base was reinforced using screws, zip ties, and adhesive. Foam sheets were 

applied on the wooden base to enhance support and minimize vibration. The upper base, 

also triangular, was fabricated from cardboard wood and foam and fixed to the plastic 

columns to complete the supporting structure. See, Figure 5-1 and        Figure 5-2  
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Figure 5-1   Outer frame structure. 

         

       Figure 5-2  Outer frame assembly. 
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5.2.2  Mechanical and 3D Printed Component Assembly 

The mechanical assembly began with joining the upper body together, then the lower 

body using 3D-printed components as shown in  Figure 5-3. The 3D-printed arms and 

joints were aligned and secured. The gripper was mounted to the end-effector platform. 

Wooden linkages were cut to appropriate lengths and connected with ball bearings to allow 

smooth rotation. All mechanical parts were tested manually to ensure correct articulation 

and motion. Each connection was checked for smooth movement and zero backlash. The 

three arms were mounted 120° apart. 

   

Figure 5-3  The delta robot 3D printed assembly. 

 

 Electrical and Electronic Circuit Integration 

5.3.1 Practical Wiring and Power Distribution  

Three DRV8825 stepper drivers were installed on a CNC Shield mounted over an 

Arduino Uno. Each driver was wired to a NEMA 17 stepper motor. As shown in Figure 

5-4 A 12V 16A DC power supply provided main power which connected to the start and 

stop industrial pushbutton and 220v red and green lamp which changes the situation by the 

220v power relay. Limit switches were connected to the Arduino’s digital pins on the cnc 

shield. Step and direction signals were routed from Arduino to drivers by cnc shield. We  
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add a simple cool circuit controlled by Arduino where the temperature sensor will detect 

the temperature upon the controlling parts and start the 12v fan. See, Figure 5-5. 

 

Figure 5-4 Electric Wiring. 

 

 

Figure 5-5  Structure Connected electric components. 
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5.3.2 Circuit Simulation (Proteus) 

Before implementing the physical connections, the control circuit was simulated using 

Proteus software. The simulation included the Arduino, motor drivers, and all peripheral 

devices. The Bluetooth module and fan system were also integrated into the simulation, 

allowing the validation of power flows and signal correctness prior to actual wiring.          

as shown in Figure 5-6. 

 

Figure 5-6 Electrical circuit simulation using Proteus. 

 

 

 Software Environment and Programming  

5.4.1 Arduino Environment and Control Code  

The Arduino IDE was used to develop firmware that implements the inverse 

kinematics for the Delta Robot. Serial commands are interpreted to move the robot to 

specified (X, Y, Z) positions. The control logic includes acceleration, safety checks, and 

support for external device activation such as the fan. See, Figure 5-7. 

 

 

 

 



Chapter 5  

60 

 

Implementation and Test & 

Experimental Results 

 

 

Figure 5-7  Control code by Arduino IDE. 

5.4.2 MATLAB Simulation and GUI 

A MATLAB-based graphical user interface (GUI) as shown in Figure 5-8. was created 

to simulate robot movement and interact with the Arduino through serial communication. 

The GUI includes fields for entering target coordinates, buttons to send commands, and 

visual feedback of inverse kinematics. A visual simulation window also animates the 

robot’s movement based on input. 

 

Figure 5-8  MATLAB GUI interface and path simulation. 
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 Experimental Results, Testing and Observations 

The robot was subjected to various motion and pick-and-place tasks look the delta 

robot block diagram in Figure 5-9. It was observed that the system could move accurately 

within its designed workspace. See, Figure 5-10. Figure 5-10but not that accurate cause it’s 

a prototype and mechanical problems. Sensor data and command response were recorded 

to analyze timing and position accuracy. The integration with MATLAB and Arduino 

functioned as expected, and system behavior was consistent with simulations. 

 

Figure 5-9 Delta robot block diagram. 

  

Figure 5-10  Implementation and test delta robot. 
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 Challenges and Solutions 

Several challenges were encountered during implementation: misalignments in the 3D-

printed parts, electrical noise affecting motor signals, and inconsistent fan control. These 

were addressed through redesigning connectors, rerouting wiring, using decoupling 

capacitors, and refining the control code logic. Mechanical reinforcement and alignment 

check also contributed to improved stability. 

And one of the hardest challenges that we did not find some mechanical parts so we 

necessary printed them as 3D so they reduce the accuracy. 

 

Another problem faces us when we prepare our project, the mathematical kinematics 

equations and codes that were difficult to find and write our kinematics analyses and 

control. 

 

  Conclusion 

The implementation of the Delta Robot system was successful across mechanical, 

electrical, and software domains. The robot demonstrated precise motion, reliable 

communication, and accurate kinematic control. Testing confirmed the design met its 

functional goals, and the integrated simulation environment helped verify theoretical 

behavior before physical execution. These results indicate that the original design and 

analysis were successfully implemented and validated by the build and tests. 
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6 Chapter 6: Conclusions and Future Work 

 

 Introduction 

 In our project, we have designed and development of a Delta Robot for pick and place 

operations. We provided an overview of the Delta Robot, including its history, advantages, 

limitations, and a comparison with other robotic systems. The mechanical design aspects, 

such as the framework and structure, actuation mechanism, end-effector design, and 

material selection, were discussed. The study also delved into the kinematics of the Delta 

Robot, covering forward and inverse kinematics, and workspace analysis. Additionally, we 

examined the control system, including the controller architecture, feedback sensors, and 

motion control algorithms. Furthermore, we explored the various applications of Delta 

Robots.  

 

 Conclusion  

In this project, a functional Delta Robot was successfully designed and implemented to 

perform basic pick-and-place tasks. Through a combination of interdisciplinary 

engineering skills in mechanical design, electronics, and control systems, the robot 

demonstrated a high degree of motion accuracy and structural feasibility for lightweight 

tasks. The kinematic models were verified, and workspace boundaries were clearly 

identified using MATLAB simulations. 

Although the prototype does not meet industrial-grade precision requirements due to 

inherent mechanical inaccuracies and open-loop control, it effectively fulfills its 

educational and proof-of-concept purposes. The project provides a foundational platform 

for exploring robotic system concepts, control algorithms, and automation principles. 
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 Future Work 

Future development of this project may include: 

- Enhancing precision by incorporating closed-loop feedback with encoders. 

- Integrating a computer vision system for object recognition and improved autonomy. 

- Designing a more robust mechanical frame to handle heavier payloads. 

- Replacing the open-loop control with advanced trajectory tracking and PID control 

algorithms. 

- Extending the robot functionality for multi-task operations using real-time GUI 

interfaces. 

- Evaluating performance using dynamic simulation and load analysis. 

 

Such improvements would help adapt the Delta Robot for real industrial or research-

oriented tasks, transitioning it from a prototype to a scalable automation solution. 
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