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Abstract

Most arm robot has an inefficient operating time because it requires operator to input destination coordinates. Besides,
main problem of arm robot is object’s vulnerability when it is manipulated by the robot. This research goals is to develop an
arm robot control system which has ability to automatically detect object using image processing in order to reduce operating
time. It is also able to control gripping force for eliminating damage to objects caused by robot gripper. This research is
implemented in LabVIEW 2011 software to control arm robot model which can represent industrial scale robot. The software is
designed with informative visualization to help user learn and understand robotic control concept deeply. The system can
automatically detect object position based on pattern recognition method which has four steps: pre-processing process to
initialize picture taken by camera, segmentation process for separating object from the background, classification process to
determine characteristics of object, and position estimation process to estimate object position in the picture. The object”s
position data are then calculated by using kinematic equation to control the robot>s motion. The results show that the system
is able to detect object and move the robot automatically with accuracy rate in x-axis is 95.578 % and in y-axis is 92.878 %.
The system also implements modified PI control method with FSR as input to control gripping force with maximum overshoot
value <10 %. Arm robot model control system developed is successfully meet the expectation. The system control can be
implemented to industrial scale arm robot with several modification because of kinematic similarity between model and
industrial scale robot.

Copyright ©2022 National Research and Innovation Agency. This is an open access article under the CC BY-NC-SA license
(https://creativecommons.org/licenses/by-nc-sa/4.0/).

Keywords: arm robot model; LabVIEW based software; pattern recognition for position estimation; FSR based gripping force
control.

I. Introduction scale (industrial scale) arm robot because they have
) ) the same degrees of freedom and kinematics
Robots are required to complete difficult human parameter, although they have different dimensions
task, such as high accuracy task, high risk task, and specifications.
repetitive task or some tasks that require amount of Many studies of robot arm start with
energy [1]. Arm robot often called industrial robot implementing the system control to robot model or
(defined by ISO 8373) is widely used in the industry lab scale robot to ensure the system control
[2] especially in pick and place task [3]. Arm Robot is performance without risking the use of industrial
reliable for pick and place task because it is scale robot. Design of small-scale arm robot model
considered capable of replacing human arm [4]. In for pick and place mission is studied by A. R. Al-
order to Flevelop an effic@ent arm robot control Tahtawi et a/. [6]. Study by Wong Guan Hao et al. [7]
system without damage risk, the control system is implementing PC based Control to five degrees of
should be tested and implemented to arm robot freedom (5 DOF) arm robot. M. J. Ansari et al. [8]
model [5]. Arm robot models can represent a large study and develop microcontroller-based Arm robot

control system. Arm robot programming in LabVIEW
has been done in previous study by R. S. Pol et al [9].
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manual mode, semi-autonomous mode, and
autonomous mode. Another study by P. Andhare [10]
gives an idea about finding the x, y coordinate of
object by converting pixel coordinate from camera
into real world coordinate with the help of 2D
transformation. The study incorporates robotic arm
controller based on location and orientation of
object.

In this study, control system software is created
using LabVIEW 2011 software and implemented on
the arm robot model with four degrees of freedom.
Previous study only focuses on controlling the robot
with control system software they built. This study
not only focus on control system but also concern in
forward kinematic and inverse kinematic data
visualization to help user learn and understand
robotic control concept deeply. This study not only
develop basic arm robot control system but also
implement advanced control system so the robot has
ability to automatically detect object using image
processing in order to reduce operating time and has
ability to control gripping force for eliminating
damage to objects caused by robot gripper.

Object identification process can be executed
automatically by the system with pattern
recognition process using 3.0 MP camera as sensor.
The object recognition coordinate data is calculated
with kinematics equations to determine the angle of
each joint and then moving the robot. The
experiment data that will be taken are about the
accuracy of the robot movement in the x and y axis
toward the object.

The force controlling process is important in
charge of completing the object moving task. The
forces generated during gripping process must
remain within the tolerance limits to avoid damage
to the object. The object gripped by robot is limited
to small ball-shaped object. The force that will be
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USB
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controlled is only the force on the gripper surface
which is generated from the interaction between the
robot gripper and the object.

[I. Materials and Methods

The system architecture consists of six main
sections, such as the camera, the force sensor force
sensing resistor (FSR), the PC with software NI
LabVIEW installed, serial servo controller (SSC),
signal conditioning circuit, and Arm Robot model
with four degrees of freedom. The system
architecture design shown in Figure 1.

Objects on work areafregion of interest (ROI)
with light intensity about 700-1000 lux will be
captured by the camera. In this study the camera
position is fixed. Another method by attaching
camera on robot end-effector will not discussed here
[11]. To ensure sufficient light intensity, the system
comes with light bulb as additional light source. The
image data of the camera is represented by an
electrical signal at each pixel in the camera sensor.
The information output of the image is in a matrix
form which is ready to be processed further on the
PC. Image processing purpose is to obtain
information of the decided object’s characteristics,
which is subsequently used in the position
estimation process. Finally, the position information
is used as the desired coordinate for the end effector
of robot model. The data are transmitted via serial
interface from a PC to SSC of arm robot model [12].

The system controls the gripping forces with
modified PI control method. The sensor’s
measurement results will be used as the feedback
input of the control system. PI control will generate
voltage values to control the PWM value which is
generated by the SSC for controlling the servo
gripper position. The control system software based

Light Source

Camera

Figure 1. System design (source: personal collection)
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on LabVIEW will communicate both ways with the
SSC to acquire sensor data and to control servo
motor.

The Figure 2 shows the algorithm flowchart of
the desired system. First step is pre-processing
process to initialize picture taken by camera. Then,
the system executes segmentation process for
separating object from the background by using
thresholding and edge detection algorithm. Next, the
system will run classification process to determine
characteristics of object, and then estimate object
position in the picture. The object”s position data
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Extraction
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are then calculated by using kinematic equation to
control the robot’s motion.

System model is needed for calculating and
simulating the system behavior before being
implemented in actual system. The robot model
physically has five main parts. They are the base,
waist, upper arm, forearm, and gripper. Schematic
model of the robot describing the physical part of
the robot is shown in Figure 3.

From the physical part model schematic, it can be
simplified into the stick diagram model for
calculation and kinematic analysis. Figure 4 shows
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Figure 2. Algorithm flowchart
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Figure 3. Schematic model of the robot (source: personal collection)

i1

Figure 4. Stick diagram model (source: personal collection)

stick diagram model of the robot. The stick diagram
represents joint and link connection of the robot
model. Base joint or waist shown in schematic
model is represented in stick diagram as 9, (theta 7).
Waist length or base height in schematic model is
represented in stick diagram as /; (length 1). For
shoulder joint, elbow joint, wrist joint, they are
represented as 6,, 85, and 8,. Otherwise, upper arm,
forearm, and gripper length are represented as /,, /3,
and /in in stick diagram.

The robot model is now defined. The next step is
determining the system control so the robot has
ability to grip the object automatically from image
data and control the gripping force. The system can
automatically detect object position based on
pattern recognition method which has four steps.
Pre-processing process to initialize picture taken by
camera, segmentation process for separating object
from the background, classification process to
determine characteristics of object, and position
estimation process to estimate object position in the
picture [13].

A. Pattern recognition
1) Pre-processing

Dark-colored objects on the work area are
captured visually by the camera which have
resolution of 3.0 MP. The center point of the camera
lens is coaxial with the center point work desk. The
camera position is adjusted so it can produce an
image with 480x640 pixels size. This is equal to
160x213.33 mm? of the work area.

2) Segmentation

Before segmenting process, image data is
converted from RGB or CMYK format into gray-scale
format. Segmentation is a process of changing the
image of the gray-scale format into a binary image
by using one or more limit values to separate objects
with the background of the image. Limit value
defined number as the limit used in segmentation
operation is called threshold. Figure 5 shows the
steps of segmentation from a picture,
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(@)

(b)

(c)

Figure 5. (a) Image captured from camera; (b) Grey-scaled image; (c) Segmented image (source: personal collection)

3) Classification

Classification aims to determine the object from
an image by using feature extraction. Feature
extraction is the process to determine the
characteristics of the object from the obtained image
data. Feature extraction was conducted on the
determination of the outermost point on the x-axis
and on the y-axis. The system extracts the feature
from image and define it as object by finding the
connected pixel.

To define what is meant by a connected pixel, it
is first necessary to define what is meant by
connectivity. For that purpose, there are rules that
says the pixel A with the image pixel coordinates (r,
¢) is adjacent to four pixels on pixel coordinates (r-1,
c), (r+1, ¢), (r, c+1), and (r, c-1). In other words, every
pixel A image (except the one at the edge of the
image) has four neighbors: the pixel directly above,
directly below, directly to the right, and directly to
the left of pixel A. This relationship is often referred
to as 4-connectivity. If we extend the definition of
adjacency to include pixels that are diagonally
adjacent (i.e. pixels with coordinates (r-1, c-1), (r-1,
c+1), (r+1, c-1), and (r+1, c+1)), then we say that
adjacent pixels are 8-connected [5]. Figure 6 is
example illustration of the pixel from image in
classification process. The pixel with X value is

connected with neighbor pixel which has same value.

All pixel connected each other is defined as an object
(an object shown in same color in Figure 6). The
desired system control tries to find round object
with 40 mm diameter.

= =R - = - R - - I R R I T T = ]
=B - - -E - R - - - — T — T~~~
oo o o o0 0 0000 oo KK Koo
oD oD X KOO DO D X XK O
o oo o0 D KK oo oD oo oo oo
oD oD D KX KX K X oo oo o
oo o D D KKK DD R oD DS o

(=]
(=]

Figure 6. Pixel image illustration in classification process (source:

oD oD X K X X oD oo oooo

oD DD XK X X oD oD DD Do

4) Position estimation

The main purpose of image processing in the
system is to get position and orientation of the
object in real world. To define the position of an
object determined the center point of the object
using the center of gravity (CoG) -calculation.
Position estimation get the position vector object
origin position Og related to the origin of the work
area coordinate frame O,. Then the position
coordinate is translated form the work area
coordinate frame to the robot base coordinate frame
OR.

Cartesian axis of working area is in same
direction with pixel distribution in picture taken by
camera. Otherwise, x-axis of robot frame is parallel
with y-axis of working frame while y-axis of robot
frame is parallel with x-axis of working frame.
Estimated position of the object refers to the x-axis
of the robot obtained from the calculated data
position at the y-axis in the image information,
while estimated position of the object refers to the
y-axis of the robot obtained from the calculated data
position at the x-axis in the image information. See
reference frame of the system in Figure 7 to
understand the work area frame and the robot frame
correlation.

B. Arm robot movement

The robot which is used in this study is a robot
model that has four degrees of freedom plus one
gripper. Input data is given to the robot as PWM set-
point for each joint, and then the data will be

0D DD X XN NN X O Do o oo
oD D D MK MK MO D oo oo
0D D DD XN NN O DO o oo
o D X D o D o Do Do D oD oD oD o
SR = - N R R R R i R I = = =]
o D X D o D o Do Do D oD oD oD o
< R R = R R = = =]

personal collection)
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Figure 7. Reference frame of working area and the robot (source: personal collection)

processed by the SSC, while the position control
process carried out by the internal control system of
the robot which is known as servo motor. The
following discusses about internal robot control,
physical and movement part, modelling, forward
and inverse kinematics equation, and robot force
control.

1) Position control

Position control system is used in the system to
control the angle position of each joint. The actuator
used in the robot is DC servo motors which have
internal control system. Servo control system is a
proportional control system with PWM set-point as

the input, and uses motor angle which is obtained
from the potentiometer as the feedback. Each servo
which is used at each robot model joint have
different  characteristics. = Measurement  and
experiment of each servo motor attached to the
robot joint are done and the relationship between
the PWM set-point and the angle of each joint is
obtained. Figure 8 shows the correlation between
PWM set-point with joint angle formed from each
robot joint.

Set-point formulations of each joint angle and
joint range of the robot taken from experiment and
measurement are shown in the following Table 1.
Data shown in angle range column is the reachable

Correlation of Joint Angle with PWM Duty Cycle

500
=B Base
2250 | | == Shoulder
= Elbow £ =
-
b 7,
2000 || =8 Wrist s o
r A ks
-e—l:.-':;:lpl.-l Fy - &
1750 F
2 1500 F
=
= 1250 [
&
= 1000
z B
750 |
500 |
250 |
0
o Y R T O T T Y OO Y R ST S T, T T S ST O Y B ST O R B ST O Y A S S N O
SO L'\'."_'l'_'r"\-"\-:l'.'.".__--\:"\'.'..__.:l"' ::"'1“'1"\" ":_'_:_':“' :.l'

Joint Angle [Degree]

Figure 8. Correlation of robot joint angle with PWM duty cycle set-point
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angle of robot model mechanical construction.
Otherwise set point formulation column is the result
of linear regression function from joint angle
measurement. The formulation is important because
it will be used by control system to determine
output of PWM duty cycle for controlling each joint
angle of the robot model.

2) Forward kinematics

Forward kinematics is equations of a robot to
compute the position of the end-effector from
specified values for the joint parameters. The type of
arm robot used is the articulated type (RRR). The
forward kinematic calculation of this type of arm
robot results in the final orientation and position
coordinates of the magnitude of the angle values
formed by each joint (joint) of the robot which are
integrated in a series of kinematic chain.

Standard procedure called Denavit-Hartenberg
(D-H) is used to define each robot joint with respect
to the reference frame coordinates and to transform
systematically using a transformation matrix [5].
Then there are homogeneous coordinates and
homogeneous transformation for simplifying
transformations on coordinate frames. D-H
procedure is used to describe the link relationship of
the robot where the link is assumed as a rigid body.
Each link-i has a coordinate frame, and each
coordinate frame is determined based on the right-
hand rule. The four characteristic parameters of
joint-i and link-i used in D-H procedure are link
length, link turnover, link offset and joint angle these
names come from a specific aspect of the geometric
relationship between the two coordinate frames. The
following Table 2 shows D-H parameters which are
obtained by modeling a robot that has been
presented in the system design.

From the D-H parameters that have been defined,
the homogeneous transformation equation can be
determined. Homogeneous transformation is a
relationship function between the coordinates of the
end effector and the reference coordinates of the
base robot [5].

Table 1.
Servo angle range and set-point formulation

H= Tr(L] = A1(61) . An(0n) (l)
T) = A1(61) * A2(82) * A3(63) * As(6a) (2)
Rn—l On—l
Ao =i 0 3)
[Co, 0 —Se, 0
S 0 ¢ 0
A(0) = |70 01 4
TR KON 4)
10 0 0 1
_C92 —Se, 0 lngz_
Se, Co 0 Ic
A,(0,) = 2 2 2t6, 5
2(62) " 0 Lo (5)
0 0 0 1 4
_C93 —Se, 0 l3C93_
Se, Co; 0 I3c
A-(6:) = 2 3 300, 6
3(63) o o Lo (6)
0 0 0 1 4
_C94 0 So, l4C94_
0 —c luc
A,(0,) = Se, 0, 4¢0, 7
s =", 0 o (7)
L0 O 0 1

where, H is homogeneous Transformation, T%, is
transformation matrix from reference frame 0 to
frame n, A, is transformation matrix frame n, R}, is
rotational matrix from reference frame n-1 to frame
n, 0“'1n is translation matrix from reference frame n-
1 to frame n, c@, is cos (0,), s6, = sin (8,), 1, is Link
length of coordinate frame n

3) Inverse kinematics

Inverse kinematics equation aims to determine
possible combinations of the joint angle parameter
with known link parameters in order to achieve the
position of the desired end-effector. There are many
novel kinematic solver methods based on analytical
[14][15] or geometrical approach [16][17]. Analytical
inverse kinematic solver for 4-DOF arm robot is
presented by M. Amin [18]. In this study, kinematics
is solved by using geometric approach with
decoupling method especially defined for 4-DOF
robot to simplify the calculation. This method

Joint Angle range Set-point formulation
Base 0°-180° (-10 8,)+1500
Shoulder 0°-135° (9.55556 6,)+630
Elbow 60°-180° (-9.6667 85)+2640
Wrist 0°-180° (10 8,)+400

Gripper 60°-120° (-9.3334 05)+2340

07 = base joint angle; 8, = shoulder joint angle; 65 = elbow joint angle; 84 = wrist joint angle; 85 = gripper joint angle

Table 2.
Robot model D-H parameter

Joint I Joint angle (6;) Twist angle (a;) Link length (a;) Link offset (d;)
1 01 -90° 0 Iy
2 0, 0° I, 0
3 03 0° I5 0
4 04 90° 14 0

0;= joint angle of coordinate frame-i; a;= link turnover of coordinate frame-i; a; = link offset of coordinate frame-i; d4= link length of coordinate

frame-i
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Figure 9. Illustration of kinematic solving (top view) (source: personal collection)
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Figure 10. Illustration of kinematic solving (side view) (source: personal collection)

separates the joint relationship of a robot in order to
get the two links equation so it can be solved with
simple geometry calculation. Then a separate link is
reconnected to link base and gripper as a function of
end-effector orientation or as a constant value.
Figure 9 and Figure 10 show the illustrations of the
inverse kinematic problem-solving using geometry
calculations.

Shown in the graph above global coordinate or
world coordinates Xy, yw, and z,, as basic references
of equation, otherwise there are local coordinates or
robot coordinates X, y;, and z;. Input data for control
system is end-effector coordinate which refers to
world coordinate at x-axis noted as xee, at y axis
noted as yee, and at z axis noted as zee. First step is

to calculate 6i. It can be easily defined because it has

direct correlation to input data.

f; = tan27! (M) (8)
Then, /, can be defined since it also has direct

correlation to input data. Notation /, is robot length

viewed from above equal to resultant length at /.

axis.

Ly = Vxeez + yeez (9)

Next step is to assume that link 3 and link 4 is
decoupled. By determine the angle of 6,5 decoupling
coordinate can be defined. Decoupling coordinate at
x-axis and z-axis of robot coordinate is noted as x;
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Correlation of Force with Resistance
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Figure 11. Force-to-resistance correlation graph

and z; While decoupling coordinate is known, «
angle can be calculated. Then the angle 8,, and 6,
can be calculated by using law of cosine [5].

- -1(n
a = tan2 (Xl) (10)
92 = GZa +a (11)

= -1 (B -xf-2f ~1(%
0, = cos ( YNy ) + tan (Xl) (12)
also, by using law of cosine, 85 can be calculated [5]

1 (x5+2zi-B-Y4

65 = cos™? (T) (13)

Last step is to determine the angle of frame 4 refer to
frame 3, 9, by simple calculation below.

0, = (270 +04p) —a— 0 — 05 (14)
4) Force control

a) Object physical characteristics

The objects that are used in the study have
special characteristics to limit control
problems. Object size is about 40 mm and has
force resistant until 5 N. This means that the
object will be shape-deformed when the force
exceeds the value of 5 N which is equal to 509,
85 gF.

b) Force sensor

Sensors which are used to acquire forces
value is FSR (force sensing resistor). In this
study, the smallest type of FSR is used
because it fit to the size of the robot model.
FSR is a variable resistor that changes its
resistance value based on the value of the
forces that suppress it. The following graph in

Figure 11 shows the correlation of the force
and the FSR resistance value. When FSR
doesn’t get a compressive force then the
resistance value is large, otherwise the
greater the force that presses FSR, lower the
resistance. This FSR characteristic make it
suitable to become feedback sensor of force
control system. The control system will
acquire resistance value as representation of
gripping force value received by the object.

[1I. Results and Discussions
A. Accuracy level

The accuracy of system to successfully estimate
position and grip the object automatically is tested.
The procedure starts with the object is put manually
at origin position at O, coordinates (0, 0). Then the
control system moves the robot to the position of
the object. Error position from end effector of robot
and the object in x-axis and in y-axis is obtained.
Then the object is put manually within work area
scope in X-axis direction as far as 40 pixels on the
camera or equal to 13.33 mm and so on up to 640
pixels on a camera or equal to 213.33 mm in the
work area. Furthermore, the object moves in the y-
axis as far as 40 pixels on the camera or equal to
13.33 mm in the work area and repeat the testing
procedure on the x-axis. It is repeated until the final
test at the maximum x-axis and maximum y-axis.

The obtained data resulted in Figure 12 shows
the average absolute error in x-axis = 3.144 mm and
the average absolute error in the y-axis = 3.798 mm.
the percentage of error in the x-axis = 4.421 % and
the percentage of error in the y-axis = 7.121 %. The
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Figure 12. Results of movement accuracy test graph
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Figure 13. Block diagram of force control system (source: personal collection)

system can estimate the position of object
automatically from picture taken by camera with
accuracy level in the x-axis = 95.578 %, while in the
y-axis = 92.878 %. This result is quite good and
prove that the system is successfully recognizes the
object automatically using image processing.

B. Gripping force control

Gripping force control used in the system is
modified PI control method. The simple
characteristic of the system which is usually called
single input, single output (SISO), and a linear
characteristic makes PI suitable for this system
control as an alternative controller. The following
Figure 13 is a block diagram of the gripping forces
control.

As seen from the block diagram, the set-point
and the input (feedback) of the system is voltage
value that represents forces value. Set-point value is

the limit of the object resistance against deformation.

The difference that occurs between the set-point and
input is an error value that will be processed by the
PI controller to produce output which is the PWM
value to control the gripper servo motor.

The testing procedure starts by placing object
precisely on the surface of the gripper and the center
of the object interacts with the FSR sensor. The Kp, Tj,
and 7d parameters of control systems are set based
on the trial tuning method. The testing of the
activation effect to control system feedback is also
executed. Tests performed on two different objects
materials are shown in Figure 14. The first object is
made of plastic material while the second object is
made of polystyrene.

Figure 14. Testing object
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The graphs in Figure 15, Figure 16, and Figure 17 while the robot is doing pick and place task to a
show values of gripping force acquired by sensor FSR plastic object. The picture shows a comparison when

Plastic Object Gripping Force Control - Test Result 1
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Figure 15. Results of gripping force control to plastic object with set-point 100 gF
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Figure 16. Results of gripping force control to plastic object with set-point 150 gF
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Figure 17. Results of gripping force control to plastic object with set-point 200 gF
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the force control system is activated to when it is is doing pick and place task to a polystyrene object.
deactivated. Figure 18, Figure 19, and Figure 20 show When gripping force controller is not activated, the
the values of gripping force acquired while the robot error rises with overshoot value exceeds 100 %. That

Poiystyrene Object Gripping Force Controd - Test Result 1
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Figure 18. Results of gripping force control to polystyrene object with set-point 100 gF

Polystyrene Object Gripping Farce Control - Test Result 2
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Figure 19. Results of gripping force control to polystyrene object with set-point 150 gF
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Figure 20. Results of gripping force control to polystyrene object with set-point 200 gF
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Figure 21. Implementation of integrated system

means the gripping process potentially damage the
object and the robot itself. When the force control is
activated, the generated force properly controlled.
Force value oscillates around the set-point with
overshoot error <10 %. Even with the different
objects and the different set-point values, the system
is able to control the generated forces during
gripping process to ensure that gripping process will
not damage the object or the robot itself.

C. LabVIEW program interfaces

In order to make the system control easily
understood, it is designed with informative
visualization to help user learns and understands
robotic control concept deeply. The program
interface consists of several display of each sub-
system and the implementation of an integrated
system as shown in the Figure 21 below. Before the
user does the experiment and implementation on
the integrated system, the user is introduced to a
general description of the system and a brief
overview of the theory related to the system.

IV. Conclusion

Arm robot models can represent an industrial
scale arm robot, because they have the same degrees
of freedom and kinematics parameter despite having
different dimensions the actuator’s specifications.
This study”s result is a control system which can
automatically estimate the object position using
image processing and can apply to industrial scale
arm robot. The robot control system in objects
tracking is highly accurate, the test results show the
average absolute error in the x-axis = 3.144 mm and
the average absolute error in the y-axis = 3.798 mm.
the percentage of error in the x-axis = 4.421 % and
in the y-axis = 7.121 %, It means the accuracy level
of the system in the x-axis = 95.578 %, while in the
y-axis = 92.878 %. This result is quite good and

prove that the system is successfully recognizes the
object automatically using image processing. The
modified PI control system is suitable for controlling
gripping forces. The system generates a response
with overshoot value <10 % to prevent shape
deformation and damage to the gripped object.

Acknowledgment

This research was supported by Department of
Manufacturing Automation and Mechatronics
Engineering, Bandung Polytechnic for Manufacturing.
This paper would not have been possible without
the exceptional support of my wife Muntaha
Habibatu Rahma and my colleagues at Bandung
Institute of Technology, Ahshonat Khoirunnisa, Reka
Ardhi Prayoga and Indra Agung

Declarations
Author contribution

N.J. Ramadhan: Writing - Original Draft, Writing -
Review & Editing, Conceptualization, Formal analysis,
Investigation, Resources, Visualization. N. Lilansa and A.F.
Rifa’i: Conceptualization, Formal analysis, Investigation,
Supervision. N.D. Hoe: Writing - Review & Editing,
Resources, Visualization, Supervision.

Funding statement

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Competing interest

The authors declare that they have no known
competing financial interests or personal relationships that
could have appeared to influence the work reported in this
paper.

Additional information

Reprints and permission: information is available at
https://mev.lipi.go.id/.


https://mev.lipi.go.id/

14 N,J. Ramadhan et al. / Journal of Mechatronics, Electrical Power, and Vehicular Technology 13 (2022) 1-14

Publisher”s Note: National Research and Innovation
Agency (BRIN) remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

References

[1] A. O. Oke, A. Afolabi, “Development of a robotic arm for
dangerous object disposal,” in Proc. 2014 6th International
Conference on Computer Science and Information Technology
(CSIT), pp. 153-160, March, 2014.

[2] S. O. Adebola, O. A. Odejobi, O. A. Koya, “Design and
implementation of a locally-sourced robotic arm,” Proc
AFRICON, pp. 1-4, Sep. 2013.

[3] T. Yoshimi, N. Iwata, M. Mizukawa, Y. Ando, “Picking up
operation of thin objects by robot ARM with two-fingered
parallel soft gripper,” Proc. Advanced Robotics and its Social
Impacts (ARSO), pp. 7-12, May, 2012.

[4] M. Atas, Y. Dogan, S. Atas, “Chess playing robotic arm,” Proc.
Processing and Communications Applications Conference (SIU),
pp. 1171-1171, April, 2014.

[5] M. W. Spong, S. Hutchinson, and M. Vidyasagar, Robot modeling
and control, 2" ed., Newyork: John Wiley & Sons, inc., pp. 5-12,
2012.

[6] A.R. Al-Tahtawi, M. Agni, T. D. Hendrawati, “Small-scale robot
arm design with pick and place mission based on inverse
kinematics™, Journal of Robotics and Control, vol. 2, pp. 469-
475, Nov., 2021.

[7] M. Dechrit, “PC-based 5DOF industrial robotic arm with object
color sorting by image processing,” Journal of Sci. Tech. SNRU,
vol. 10, no. 3 pp. 148-155, Aug. 2018.

[8] M. ]. Ansari, A. Amir, M. A. Hoque, “Microcontroller based
robotic arm: operational to gesture and automated mode,” in
Proc. ICEEICT, Apr., 2014.

[9] R.S.Pol, S. Giri, A. Ravishankar, and V. Ghode, "LabVIEW based
four DoF robotic arm," 2016 International Conference on
Advances in Computing, Communications and [nformatics
(ICACC), pp. 1791-1798, Sep., 2016.

[10]P. Andhare and S. Rawat, “Pick and place industrial robot
controller with computer vision,” Proc. - 2nd Int. Conf. Comput.
Commun. Control Autom. (ICCUBEA), Aug., 2016.

[11]Hu. Huosheng, G Palmieri, M. Palpacelli, M. Battistelli, M.
Callegari, “A comparison between position-based and image-
based dynamic visual servoings in the control of a translating
parallel manipulator,” journal of Robotics, pp. 1-11, May, 2012.

[12]D. Xu, “A tutorial for monocular visual servoing,” in Acta
Automation Sinica, vol. 44, no. 10, pp. 1729-1746, 2018.

[13]]. T. Feddema, C. S. George Lee, and O. R. Mitchell, “Weighted
selection of image features for resolved rate visual feedback
control,” /EEE Transactions on Robotics and Automation, vol. 7,
pp. 3147, 1991.

[14]]. Oh, H. Bae, ]. H. Oh, “Analytic inverse kinematics considering
the joint constraints and self-collision for redundant 7DOF
manipulator,” in Proc. IRC, pp. 123-128, Apr., 2017.

[15]W. Xu, Z. Mu, T. Liu, B. Liang, “A modified modal method for
solving the mission-oriented inverse kinematics of hyper-
redundant space manipulators for on-orbit servicing,” Acta
Astronautica, vol. 139, pp. 54-66, Oct., 2017.

[16] M. R. Elhami and 1. Dashti, ““A new approach to the solution of
robot kinematics based on relative transformation matrices,” in
Journal [JRA, vol. 5, no. 3, pp. 213-222, Sep., 2016.

[17]Z. Amin and H. Ahmadi, “Inverse kinematic of european robotic
arm based on a new geometrical approach,” in journal A/IME,
vol. 5, no. 1, pp. 13-48, March, 2020.

[18]M. Amin and S. Mehmet, “Kinematics modeling of a 4-DOF
robotic arm,” in Proc. ICCAR, pp. 87-91, May, 2015.


https://doi.org/10.1109/CSIT.2014.6805994
https://doi.org/10.1109/CSIT.2014.6805994
https://doi.org/10.1109/CSIT.2014.6805994
https://doi.org/10.1109/CSIT.2014.6805994
https://doi.org/10.1109/AFRCON.2013.6757721
https://doi.org/10.1109/AFRCON.2013.6757721
https://doi.org/10.1109/AFRCON.2013.6757721
https://doi.org/10.1109/ARSO.2012.6213390
https://doi.org/10.1109/ARSO.2012.6213390
https://doi.org/10.1109/ARSO.2012.6213390
https://doi.org/10.1109/ARSO.2012.6213390
https://doi.org/10.1109/SIU.2014.6830443
https://doi.org/10.1109/SIU.2014.6830443
https://doi.org/10.1109/SIU.2014.6830443
https://www.wiley.com/en-us/Robot+Modeling+and+Control%2C+2nd+Edition-p-9781119524045
https://www.wiley.com/en-us/Robot+Modeling+and+Control%2C+2nd+Edition-p-9781119524045
https://www.wiley.com/en-us/Robot+Modeling+and+Control%2C+2nd+Edition-p-9781119524045
https://doi.org/10.18196/jrc.26124
https://doi.org/10.18196/jrc.26124
https://doi.org/10.18196/jrc.26124
https://doi.org/10.18196/jrc.26124
https://ph01.tci-thaijo.org/index.php/snru_journal/article/view/122172
https://ph01.tci-thaijo.org/index.php/snru_journal/article/view/122172
https://ph01.tci-thaijo.org/index.php/snru_journal/article/view/122172
https://dx.doi.org/10.1109/ICEEICT.2014.6919045
https://dx.doi.org/10.1109/ICEEICT.2014.6919045
https://dx.doi.org/10.1109/ICEEICT.2014.6919045
https://doi.org/10.1109/ICACCI.2016.7732308
https://doi.org/10.1109/ICACCI.2016.7732308
https://doi.org/10.1109/ICACCI.2016.7732308
https://doi.org/10.1109/ICACCI.2016.7732308
https://doi.org/10.1109/ICCUBEA.2016.7860048
https://doi.org/10.1109/ICCUBEA.2016.7860048
https://doi.org/10.1109/ICCUBEA.2016.7860048
https://doi.org/10.1155/2012/103954
https://doi.org/10.1155/2012/103954
https://doi.org/10.1155/2012/103954
https://doi.org/10.1155/2012/103954
http://dx.doi.org/10.16383/j.aas.2018.c170715
http://dx.doi.org/10.16383/j.aas.2018.c170715
https://doi.org/10.1109/70.68068
https://doi.org/10.1109/70.68068
https://doi.org/10.1109/70.68068
https://doi.org/10.1109/70.68068
https://doi.org/10.1109/IRC.2017.46
https://doi.org/10.1109/IRC.2017.46
https://doi.org/10.1109/IRC.2017.46
https://doi.org/10.1016/j.actaastro.2017.06.015
https://doi.org/10.1016/j.actaastro.2017.06.015
https://doi.org/10.1016/j.actaastro.2017.06.015
https://doi.org/10.1016/j.actaastro.2017.06.015
http://doi.org/10.11591/ijra.v5i3.pp213-222
http://doi.org/10.11591/ijra.v5i3.pp213-222
http://doi.org/10.11591/ijra.v5i3.pp213-222
https://doi.org/10.22060/AJME.2020.17642.5866
https://doi.org/10.22060/AJME.2020.17642.5866
https://doi.org/10.22060/AJME.2020.17642.5866
https://doi.org/10.1109/ICCAR.2015.7166008
https://doi.org/10.1109/ICCAR.2015.7166008

	Introduction
	II. Materials and Methods
	Pattern recognition
	1) Pre-processing
	2) Segmentation
	3) Classification
	4) Position estimation

	B. Arm robot movement 
	1) Position control
	2) Forward kinematics
	3) Inverse kinematics
	4) Force control
	a) Object physical characteristics
	b) Force sensor 



	III. Results and Discussions
	A. Accuracy level
	Gripping force control
	C. LabVIEW program interfaces

	Conclusion
	Declarations 
	Author contribution
	Funding statement 
	Competing interest 
	Additional information 

	References

