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Abstract- Robotic arm enormous applications can be seen in industries as it is one of the most important manipulator for 
development. In this work, a light weight robotic arm is designed. The main factors for the designing of mechanical 
prototypes were rigidity of structure, cantilever effect and centre of gravity. To calculate the angles of robotic arm according 
to given cartesian position in a short possible time FPGA was used using JTAG protocol. The arduino kit controls the 
driving circuit of robotic arm which drives the servo motors according to the given instruction. The basic aim was to design 
and practically implement a robotic arm, keeping an eye to reduce the cost by readily available components in the market. 
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I. INTRODUCTION 
 
It is always desired to see machines and instruments 
working on their own without the aid of humans. 
Building an intelligent automatic machine is one of 
the hottest research topics all around the globe and it 
is increasingly finding enormous applications in our 
lives from manufacturing industry and planetary 
exploration to domestic application and children toys.  
There are basically three types of multiple-axis 
robotic machines known as cartesian coordinate 
robot, SCARA (Selective Compliance Assembly 
Robot Arm) and robotic manipulator. 
Cartesian coordinate robot structure is mainly like the 
structure of cartesian coordinate axis system. That’s 
why there is scarcely any control unit requires for 
coordinate conversion. It is very low cost system as 
compared to SCARA or robotic manipulator [1]. 
Whereas the structure of SCARA is normally 
preferred for horizontal direction movements, it gives 
high rigidity for operation in vertical direction, thus 
are very suitable to move reasonably heavy objects 
only in horizontal direction [2]. So, it gives very high 
speed operations in horizontal direction resulting in 
making the short cycle time. Finally, the robotic 
manipulator is mainly for operations in vertical 
direction. It provides quite flexible motion because 
its structure is like the arm of a human. However this 
type of robot needs very complex coordinate to angle 
conversion procedure, and thus requires a very high 
computation performance control unit [3].  It is an 
efficient machine to interact autonomously to 
perform variety of tasks designed to specialized 
devices and is commonly use for pick-and-place, 
soldering, assembling, drilling, welding, and 
packaging applications [4]. Most often robotic arm is 
designed such a way that it is being controlled 
through a sequential architecture which makes the 
robotic arm less expensive, but a bit slow. Designing 

a robotic arm with parallel architecture reduce the 
processing time and makes it very fast. As it is 
always desire to have a system, which has the 
capability to perform the instructions in a very quick 
way. To achieve this inverse kinematic algorithm 
was used. Using this algorithm required angles can 
easily be calculated from given cartesian position. 
Arduino UNO kit was selected to efficiently move 
and turn the robotic arm. This paper presents the 
mechanical structure and its control for a low-cost 
robotic manipulator. In section 2 literature survey 
and some important terminologies are presented. 
Design description including mechanical structure 
and control components is discussed in section 3. 
Verification and implementation of the whole system 
presented in section 4. Section 5 is about the 
conclusion and the recommendation for the future 
work.  
 
II. LITERATURE SURVEY AND 
TERMINOLOGIES  
 
In the present era, high speed efficient robotic arm 
controller is the demanding and challenging task in 
military as well as industrial field and other 
applications. Motion control systems play a major 
role in the control of different types of industrial 
automation devices such as robotic arm manipulators, 
computer numerical control (CNC) machines, and 
assembly machines [5], [6]. Most motion control 
systems use a motion controller that is based on a 
digital signal processor (DSP) and a microprocessor, 
and the systems include software motion libraries and 
additional circuits such as interface and memory [6], 
[7]. A multiple axis motion control system needs 
many functions in order to quickly and accurately 
perform the complex tasks required for industrial 
robots and automation systems [8], [9]. These include 
velocity profile generation, interpolation, inverse 
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kinematics, and proportional–integral–derivative 
(PID) control. This requirement leads to a complex 
hardware design, expensive computation, increased 
system size, high cost, and high power consumption 
[10]. The robot arm system is mainly based on 
manipulators, actuators, communication, interface, 
and data manipulation to accomplish the required 
task. The manipulator consists of a sequence of rigid 
bodies, they are connected by joints and hence can 
cover several degree of freedom. All connected links 
are like human arm that ensures mobility and can 
perform required task given to it. In our implemented 
robotic arm there are 3 rigid bodies or links. The 
number of independently controllable motions in a 
mechanical device or the number of motors in a serial 
manipulator is known as degree of freedom [11]. 
There are two types of joints, Revolute and 
Prismatic. Revolute is for rotational motion and 
Prismatic is for translational motion. As in our 
implemented robotic arm there are 2-joints and both 
are Revolute and there is no Prismatic joint because 
there is no translational motion.  Similar to human 
arm, the 1st joint is referred to as the shoulder and 
the 2nd joint is referred to as elbow [12]. These two 
joints allow the movement of robotic arm in X and Y 
axes. Actuators are basically the motor that drives a 
joint. As in our implemented robotic arm there are 2 
motors or actuators, both are used for revolute joints 
in order to attain the required position. The motors 
that are used for this operation are servo motors. The 
branch of mechanics concerned with motion without 
reference to force or mass is called kinematics [12]. 
Given the joint variables, calculate the Cartesian pose 
known as forward kinematics whereas inverse 
kinematics refers to the reverse process. Given the 
cartesian pose, calculate the joint variables. A control 
system that mainly consists of computer, controller 
or processor, which supervises and control the 
manipulator motion. This function basically enables 
the robot to perform the required task. 
 
III. DESIGN DESCRIPTION 
 
This presented model is a combination of 
mechanical, electronic and software designs. 
Mechanical design includes the base and elbow of 
servo motors, push buttons, metallic joints and rod. 
Whereas electronic design includes FPGA spartan-3 
kit, arduino board, regulator (7805) and heat sink and 
at last software part includes Xilinx and arduino 
software. The block diagram of the proposed design 
is shown in Figure-1.  

Fig. 1. Block diagram of the proposed design 
3.1. Mechanical Configuration of Prototype 

The main factors for the designing of mechanical 
prototypes are structure rigidity, avoid the cantilever 
effect and centre of gravity. 
The rigidity of structure is very important in case of 
robotic arm. Without rigidity, the structure especially 
the robotic structure can’t be stable, because the 
phenomena of vibrations might come into play which 
effects very badly on the accuracy of robotic arm 
working. Therefore, the base of the robotic arm 
structure should be very stable on the ground so for 
that the base and the base link should be made a bit 
heavier and the arms should be of lighter weight so 
that the maximum weight of the robot will lie 
towards the base so that there will be no situation of 
unbalancing of the structure as well as no vibration 
will come into play. So, to make the structure rigid 
the selection of material is very important. 
There will be a chance that the cantilever effect 
might come into play in the robotic arm, because 
both the arms will be supported from one end. As one 
end of the arm Link-1 will be tied to the base link 
which supports it and one side of arm Link-2 will be 
tied to the other end of Link-1, which supports it. 
Therefore the arms should be made of such material 
that the material should be lighter in weight having 
great strength. 
At last, the designing of the robotic arm should be 
such that the centre of gravity should be directed 
towards the base link. In this way, the rigidity of the 
robot will increase and no cantilever effect will come 
into play. 
3.1.1. Selection of the Material 
Aluminium is one of the important materials that is 
used because it is very strong, resistant to corrosion, 
light weight and affordable. Most importantly, it is 
very easy to cut, shape, drill, and bend. Aluminium is 
a very versatile metal and it is one-third the weight of 
an equal volume of steel, brass or copper and its 
strength approaches that of steel. So the material 
selected for the manipulator are the ordinary 
aluminium alloy (Density: 2.78 kg/cubic dm) and 
wood. 
In order to make the structure rigid, the material 
selected for the base link is the wood. The wood has 
a great strength but it is a bit heavier but we can 
afford its heavier weight because in this way the 
maximum weight of the structure will be directed 
towards the base link so as the Centre of Gravity also 
shifted towards the base link. The material selected 
for the arms should be such which is lighter in weight 
and it should have a great strength. So, for that the 
aluminium alloy is selected. We can’t afford a 
heavier weight in case of arms because then there is a 
possibility of cantilever effect as the centre of gravity 
might be shifted away from the base link.  
3.1.2. Robotic Arm Assembling 
As, aluminium alloy is selected for the assembling of 
robotic arms. So, for the casing of servo motors u-
shaped aluminium brackets were constructed as 
shown in Figure-2. Then the brackets were joined 
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with the help of a rod as shown in Figure-3. At last 
the freedom of movement was adjusted according to 
our desired output and it is shown in Figure-4.  

 
Fig. 2. Schematic of U-shaped Aluminium Brackets 

 
Fig. 3. Schematic of Aluminium Rod Attached to the Brackets 

 
Fig. 4. Schematic of Elbow Joint 

 
3.1.3. Selection of the Motors 
In order to drive the arms we need a motor of such 
kind which has a reasonable speed but should have a 
great amount of torque. Because when the arms have 
to be stopped then the motors can easily stop. For 
that purpose, we can afford a less RPM (revolutions 
per minute) motor but its torque should be reasonable 
for rotating the arm especially at beginning.  
First motor is attached with the base means Link-1, 
so here it was required a high torque although weight 
can be compromised. For that purpose Hitec HS−
685BB + were selected as its torque is 24.7Kg. com. 
Specification of Hitec servo motor HS-685BB + is 
listed in Table-1. 
 

Table 1: Specification of Servo Motor (HS-685BB+) 

 

Second motor is attached with the arm means Link-2, 
so here it was required a reasonable torque, not to 
high, but its weight should be very low. For that 
purpose Hitec HS − 635HB were selected as its 
torque is	6Kg. com. Specification of Hitec servo 
motor HS− 635HB is listed in Table-2.  
 

Table 2: Specification of Servo Motor (HS-635HB) 

 
 
3.2. Control Strategy of Prototype 
First of all the inverse kinematic algorithm was run in 
Xilinag software and burn on the FPGA using JTAG 
connector. In order to control the arms, that how 
much the arms will rotate through an angle θ i.e. how 
much the arms will cover the distance, arduino board 
was used. The Arduino UNO is an open-source 
single board microcontroller. The microcontroller 
that is used in this board is ATmega328 with a 
crystal oscillator of 16 MHz. This board has 6 analog 
and 14 digital input/output pins from which 6 can be 
used as PWM output. It also has a reset button, 
power jack and USB connection. It contains all the 
things which are needed by microcontroller to 
support it [13].  The board can support 6 to 20 volts 
external supply. If the external supply is less than 7V, 
then the 5V power pin will not be able to provide 5V 
and the board may become unstable. If external 
supply is more than 12V then the voltage regulator 
will be overheated and can damage the board. The 
operating voltage of each pin is 5 volts and it can 
receive or send maximum of 40mA current. It also 
has an internal pull-up resistor of 20 − 50	kΩ, which 
is disconnected by default.  
Arduino software is used to program the arduino kit. 
The ATmega328 microcontroller on the board is pre-
programmed with a boot loader that permits to 
upload new code to the on-chip flash memory [13]. It 
does not require any external hardware as compared 
to other devices. The specification of arduino UNO 
board is shown in Table-3. 

Table 3: Specification of Arduino UNO board 
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IV. VERIFICATION & IMPLEMENTATION 
 
To verify the proposed model, four test points were 
chosen in cartesian 1st half plane (x , y ), they are 
(2, 12), (6, 10), (12, 7), (3, 8).	These tests points 
were used to calculate θ  and	θ  using the inverse 
kinematic equations as shown in (1) and (2). 
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These angles were also verified geometrically using 
campus and scale. Geometrically measured angles 
and angles calculated from equation, both were same. 
Geometrically measured angles are shown in Figure-
5.  
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Fig. 5. Geometrical Verification of Test Points 
 
Arduino kit was used to control the serve motors. To 
give motors fix 5V two 7805 regulators were used. 
To display the angles a sheet covered with black 
paper were also placed beside the robotic arm so that 
we can verify our required angle. Movement of 
robotic arm for different angles is shown in Figure-6, 
which validates the proposed design.  

 
(a) 

 
(b) 

 
(c) 

Fig. 6. Experimental Set up of the Robotic Arm with Angle 
Sheet 

 
CONCLUSIONS 
 
In this research the utter most task was to design an 
economical experimental set up. Typical challenges 
were faced in the design are backlash, vibration and 
centre of gravity. For that purpose a high 
specification Hitec servo motors were selected 
because it minimized our backlash. Another thing to 
consider during the mechanical modeling was that 
during the rotation of the arms, there should be no 
vibration. We overcome this problem by selecting 
aluminium material because it is very strong and 
light weight. The centre of gravity of a structure 
should be lying towards the base. This problem was 
solved by selecting base of heavy material. 
After that, the inverse kinematic on FPGA using 
JTAG protocol was implemented. At the end, both 
the servo motors of robotic arm were controlled 
using arduino UNO board.  
The robotic arm with joint structure supports 
operations in vertical direction. It provides quite 
flexible motion because its structure is like the arm of 
a human. The robotic arm in this research is built in a 
modular fashion and can be easily upgraded to more 
advanced versions. For further exploration efficiency 
can also be enhanced in an industrial grade robotic 
arm for application like welding and pick & place 
application. 
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