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ABSTRACT

Robotic arms are widely used in industry to complete tasks which is difficult to be

performed by human being due to high repeatability or hazardous environment. How-

ever, due to the complexity and quality required by some applications where two arms

are required, the human ability to perform those tasks sustains. This project presents

a conceptual design and configuration analysis of 11 Degrees of Freedom (DOF) dual

robotic arm using SOLIDWORKS and MATLAB. The analysis is via Devanit Harten-

berg approach. The design is built to solve the current challenges faced by industry

in term of workspace optimization and cost reduction with respect to the complexity

of tasks performed by human labors in production assembly nowadays in industry due

to the higher accuracy and better performance of human labor in term of speed which

is required due to the nature of the tasks performed. The structural design is built

using SOLIDWORKS and then the frame structure and configuration is performed us-

ing Robotics Toolbox (RTB) in MATLAB, followed by the analysis of the workspace

and validation of efficiency. The analyzed results shown an improvement in term of

performed tasks complexity and optimization in workspace required by 43.4% min-

imization in term of horizontal area, in addition to significant reduction in collision

chances between arms. In general, the project provided a suitable replacement for two

single robotic articulated arms in assembly line in industry.
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ABSTRAK

Lengan robotik digunakan secara meluas dalam industri untuk menyelesaikan tugas

yang sukar dilakukan oleh manusia kerana pengulangan yang tinggi atau persekitaran

yang berbahaya. Namun, oleh kerana kerumitan dan kualiti yang diperlukan oleh be-

berapa situasi dimana dua lengan diperlukan, kemampuan manusia untuk mengenda-

likan tugas-tugas tersebut diperlukan. Projek ini mempersembahkan konsep reka ben-

tuk dan analisis konfigurasi lengan robotik dual 11 Degrees of Freedom (DOF) meng-

gunakan SOLIDWORKS dan MATLAB. Analisis ini dilakukan melalui pendekatan

Devanit Hartenberg. Reka bentuk ini dibina untuk menyelesaikan cabaran semasa

yang dihadapi oleh industri dari segi pengoptimuman ruang kerja dan pengurangan

kos sehubungan dengan kerumitan tugasar yang dilakukan oleh pekerja manusia di

pemasangan pengeluaran di industri kerana ketepatan yang lebih tinggi dan prestasi

kerja manusia yang lebih baik dari segi kepantasan yang diperlukan kerana sifat tugas

yang dilakukan. Reka bentuk struktur dibina menggunakan SOLIDWORKS dan ke-

mudian, struktur dan konfigurasi bingkai dilakukan menggunakan Robotics Toolbox

(RTB) di MATLAB, diikuti dengan analisis ruang kerja dan pengesahan kecekapan.

Hasil analisis menunjukkan peningkatan dari segi kerumitan tugas yang dilakukan dan

pengoptimuman di ruang kerja yang diperlukan dengan pengurangan sebanyak 43.4%

di kawasan mendatar, tambahan pula pengurangan bagi pelanggaran antara lengan

berlaku. Secara amnya, projek ini menyediakan pengganti yang sesuai untuk dua

lengan artikulasi robotik tunggal dalam pemasangan industri.
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CHAPTER 1

INTRODUCTION

1.1 Project background

Robot has been an essential part in automation thus inadvertently been advancing the

quality of human life within the past decades. They are widely used in medical man-

ufacturing, automation industry and disaster management, with wide range of applica-

tions, such as medical surgeries, production process, disaster control and underwater

inspection and discovery. In all these applications, robot arms were introduced to com-

plete tasks which is impossible to be performed by human being, or very dangerous

due to its nature or the environment circumstances in which the task need to be per-

formed [1–3]. However, in some applications, the goal was to reduce the cost and

increase the efficiency of the job done, where workmanship of labour can be mini-

mized, by keeping the human element to supervise mainly or to inspect the quality

of products where the quality can not be compromised [4], in such cases, the human

ability sustains. Basically, the robot will do what the human labour is unable to [5].

In recent years, a whole different purpose and desire appeared to the surface;

the idea of having a robot providing services that human being is able to provide, as

a luxury type -a robot that is more human-like for the purpose of cooking, serving

drinks, providing room service, housekeeping and so on. That, and the developing

needs and new challenges industry for variety of applications where robot arms are not

able to compete with human arms in term of accuracy and type of tasks that can be

accomplished, this is where the dual robot arm become a necessity.
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1.2 Problem statement

Recently, with the continuous development in industry and the essential desire to re-

duce the cost and increase the outcome, the optimization of workspace and robotic

arms became a necessity. But the current robotic arms are not capable enough to

replace human workers in some tasks that require two arms to accomplish them, espe-

cially in assembly tasks [6–8]. Thus, designing and configuring a robot that use dual

robotic manipulators with a flexible configuration system will give the opportunity to

solve these challenges and develop a better approach to overcome them.

1.3 Objectives

1. Conceptual design of dual robotic arm using SOLIDWORKS.

2. To simulate and analyse the conceptual design using MATLAB.

3. To validate efficiency of the conceptual design.

1.4 Scope of project

1. The design of this dual robotic arm is having 11 DOF for better workspace opti-

mization and less collision chances.

2. The simulation and analysis of this dual robotic arm is using MATLAB robotics

toolbox (RTB) for better illustrations and better support of more variety of anal-

ysis.

3. The validation of this design is with refer to 6 DOF single arm manipulator.

1.5 Thesis outline

This report is divided into 5 chapters. Each chapter discuss ion the different issues

which related to this project. The outline of each chapter is stated in next paragraphs.
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Chapter one covers the introduction and overview of the project background,

problem statement, objective, and scope of work of this project. All of the data should

be stated clearly before design the dual robotic arm.

Chapter two gives the general description and the overview of the robot arms,

the types of it and the dual robotic arm applications. This chapter also discusses about

the fundamental of robotic arms and their basic properties. The previous studies that

are related to this project also are studied to get clear view of the title project.

Chapter three explains the flow chart and the methodology that have been fol-

lowed to finish the project successfully.

Chapter four shows the obtained results, performed analysis and workspace

parameters determined after completing and simulating the dual robotic arm.

Chapter five presents the conclusion of project, along with the future work and

recommendation relater to design of dual robotic arm.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, the dual robotic arm is discussed and investigated, the robotic arms and

their types are also covered.

2.2 Robotic arm

“A robot arm is a type of robot consisting of parts linked together in the same way as

those of a human arm, mounted on a stand.” [9]. In practice, the robotic arm can be

classified into five main types based on its characteristics and configuration (type and

DOFs of its joints) [10].

2.2.1 Cartesian robot

This type of robot will use PPP orthogonal configuration, and it has high accuracy

in term of end-effector positioning, in term of workspace shape, it has a rectangular

prism or cubic workspace depending on the dimensions of links, it can be in variety

of structure realization in term of the links positions depending on the application

requirements such as gantry, Figure 2.1 shows an example of cartesian robot. This type

of arm is mainly in material handling and assembly, an example for such applications

of this the Printed Circuit Board (PCB) fabrication machines [10, 11].
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Figure 2.1: Cartesian robot [11]

2.2.2 Cylindrical robot

This type of robot has a hollow cylinder, it has RPP orthogonal configuration of its

joints which corresponds to Cartesian coordinates variables (refer to Figure 2.2), and

in general they are used in carrying big size objects where joints will be hydraulically

operated in such cases. In term of applications, this type of arms can be seen employed

intensively in automation industries, where they load and unload Computer Numerical

Control (CNC) machines, moving materials off and into storage locations, automated

production cells, and etc. and it is more suitable to access locations horizontally [10].

Figure 2.2: Cylindrical robot workspace [10]
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2.2.3 Spherical robot

This type robot arm can move into a portion of a hallow sphere (polar) workspace

where the joints configuration will usually be in RRP where each joint respond to

Cartesian space variable if the requires task is described in the spherical coordinates.

Usually this type of arm will include the base into the workspace, giving the arm

the ability to pick objects from the ground. The main use of polar robotic arm is in

machining, an example of this robot type is the Sanford robot (refer to Figure 2.3) [10,

11].

Figure 2.3: Spherical robot workspace [10]

2.2.4 SCARA robot

Selective compliance Assembly Robot Arm or SCARA robot is a special geometry

that can be realized by RRP configuration mounted in way that all axis of motion are

parallel to each other. This type of robot is ideal for vertical assembly application

where it can perform such tasks in high speed and accuracy, but it can be used in

manipulating small objects only. The workspace of the SCARA robot is an irregular

shape depends on the joints limitations; an example of SCARA robot is shown in

Figure 2.4 [10, 12, 13].
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Figure 2.4: OMRON Adept eCobra 600 SCARA robot with its workspace [14]

2.2.5 Anthropomorphic robot

Also called Articulated Robot, this robot will come in RRR configuration where the

first join is vertical, and the other two joints are parallel to each other in term of axis

of motion [15]. The joints of this robot are usually called with what they represent in

the human arm (shoulder, elbow, and wrist), and it is the most used category among

robotic manipulators. The applications of this type of arms are plenty, depending on

the configuration of the robot. It has a portion of sphere workspace which is the highest

among the other types of robotic arm in term of volume. The Figure 2.5 is showing an

example for this type of robotic arm [10, 11, 16].
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(a) (b)

Figure 2.5: (a) Anthropomorphic arm workspace [10] (b) UR5 manipulator [16]

2.3 Denavit-Hartenberg notation

Denavite-Hartenberg or (DH) for shortcut, is a notation first mentioned in 1955 by

Jacques Denavit and Richard Hartenberg to describe the geometry of serial chain

robots as shown in Figure 2.6.

Figure 2.6: Definition of standard Denavit and Hartenberg parameters [1]
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2.4 Related work

In this section, the previous related work is reviewed and analysed, and organized

based on application of dual robotic arm from the least relevant application the most

relevant one.

2.4.1 Surgical application

The study in [2] presented an entire new dual robot arm framework. They proposed

a way to minimize the needle tip-target positioning error in the medical robots, where

the robot arm will insert a needle through a fort tissue. The problem was addressed

is the deformation that occur in the tissue during the insertion process, resulted in

position of target being shifted as an effect of the insertion force applied to the needle

tip. They proposed a controller that calculate the changes in location through feedback,

and then control a second robot to apply an external force to reposition the target in

place. The experiment of their new develop system then tested using phantom tissue to

collect data, them by analysing them and running plenty of simulations to determine

the feasibility, they validated the efficiency of the system proposed [17].

2.4.2 Inspection and after natural disaster teleoperation applications

According to J. P. Clark et al.[3], the authors evaluated the impact of using haptic

to control dual arm robot. They used a wearable haptic to get force impact coming

from a force sensor installed on the dual robot arm end-effectors, during the evalua-

tion process, they used the dual robot arm to conduct teleoperation task; a peg-in-hole,

box placement task, with the aim to seat as many as possible boxes within a partic-

ular period of time. The results was obtained through experiments- conducted with

eleven female participants aged between 26 and 32- after a training period of time ( 10

minutes) to complete the task within a period of time, then the feedback was collected

from them. The data analysis was performed using the feedback data, in addition to the

force data recorded from the trial, and video recordings that was used to synchronise

data across various components of the telerobotic platform through the trials period,
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all of this data then analysed. The data of four metrics were evaluated to determine

impact of wearable haptic feedback during the dual arm tele-impedance. The result

was that using the haptics helped participants to get familiar easily and faster with the

tasks need to be done, and without it, there were observable learning effects. In addi-

tion of wearable haptic feedback resulted in higher contact forces and more successful

box placements within the given period of time in absence of visual feedback [3].

2.4.3 Pouring materials from deformable containers

The study in [18] suggested the use of dual-arm manipulator instead of single robot

arm to pour contents of deformable containers found in home. They classified the

contents into four categories (liquid, paste, grain, and powder) and the containers to

three (retort pouch, plastic bag, and paper bag). By applying a new proposed method

by them to suppress the expansion of the contents inside the containers which caused

by the gravity during the pouring motion, they experiment pouring four contents (i.e.

four different materials: breakfast cereals, coffee beans, flour, and rice) using single

robot arm then dual robot arm per each content individually. In this experiment, the

authors used HIRO-NX dual robot arm, TRX-S robot hard (refer to Figure 2.7), and a

PID controller (described in equations 2.1 and 2.2)[18] to adjust the grasping power.

Figure 2.7: HIRO-NX dual arm robot [18]
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un = un−1 + ∆u (2.1)

∆u = Kp(en − en−1) +Kien +Kd(en − 2en−1 + en−2) (2.2)

To capture the data of the experiment, they used a force sensor installed into the finger-

tips of the end-effector, and a motion capture system consist of eight motion capture

cameras installed into a rectangular frame structured around the robot workspace and

the data then analysed using the motion capture system (as shown in Figure 2.8). The

result of this experiment showed and verified that using dual robot arm motion reduced

the deformation by 66% comparing to the single robot arm motion [18].

Figure 2.8: Motion capture system to measure the deformation resulted by the pouring
motion [18]

2.4.4 Industrial manufacturing application

2.4.4.1 Dual-arm assembly planning considering gravitational constraints [19]

The study in [19] developed an integral planner to plan the dual-arm assembly of more

than 3 objects. The planer will consider the gravity constrains in order to perform a

successful assembly motion using the dual-arm manipulator in addition to the colli-

sions that might occur among between the finished part and the new part desired to

assemble (refer to Figure 2.9 for better demonstration). The authors proposed planner

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



12

will compute will consider the gravity and collision constrains to avoid problematic

sample nodes while planning the motion of assembly. The planner iterated between

Figure 2.9: Illustration of assembling 3 objects with consideration of gravity effect on
the finished part [19]

the grasp space and the assembly space to get the start and goal configuration of the

motion to be planned with respect to the sampling of the object based on the design and

configuration constrains of the dual-arm robot itself, resulted in the planner to be inde-

pendent of the dual-arm robot itself so it is applicable with different dual-arm robots

other that what authors used in their research (Figure 2.10 shows the detailed workflow

of their proposed method). They developed two ways to select the grasps for assembly,

then compared them in term of time cost and selection orders between the two sets of

assembly to decide which algorithm is more suitable for assembly, Figure 2.11 shows

the two sets of assembly developed, while the results of their comparison is shown in

Table 2.1.

Figure 2.10: The detailed workflow of the planner [19]
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