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Development of 18 DOF Salamander Robot Using CPG Based

Locomotion for Straight Forward Walk

M. Munadi®, Mcochammad Ariyanto?, Kharisma A. Pambudi®, Joga D. Setiawan’

Abstract — The utilization of mechatronics, robotics, and control systems has been widely spread in
many areas over the last few decades. Robotics research is widely used for industrial purposes such
as wheeled robots and manipulators, but now many robot research incorporating biomimetic science
that we often call biorobotics. This paper will present a preliminary research in the field of biorobotics
with a robot salamander model that can walk straightforward using a central pattern generator
(CPG). This robot model uses a legged locomotion system that has 18 degrees of freedom (DOF). The
CPG based locomotion model will be developed for controlling the gait cycle when the robot walks.
The motions of joint angle inputs resulted from CPG model will be simulated using SimMechanics 3D
Animation and implemented on the proposed salamander robot for straightforward walk. Based on
the result in both virtual reality simulation and experimental work, the predefined joint angle inputs
in salamander robot can be used to drive the robot to do straightforward walk that can mimic the
walking of the real salamander naturally.

Keywords: Robot Salamander; 18 DOF; Central Pattern Generator (CPG); 3D Animation

I. Introduction

because the research study focused on the motion of

In some cases of disasters such as flood, earthquake,
tsunami, or landslide are often found to be buried or
trapped in an avalanche or ruin. In such a case it is not
possible to send people to enter the gaps or holes formed.
Therefore it is necessary to create a system that can solve
this problem. One alternative is a robot that can enter the
hole/slit and can move on land or in the water bringing
the camera to see in the dangerous conditions. Based on
this condition, salamander robot is chosen because the
salamander is one of the amphibian reptiles that can move
both on land and water.

In this research, the proposed salamander like-robot
model adapts the salamander robot that has been
researched in the previous studies [1-4]. The robot [1,2]
has 27 DOF, 11 DOF on the spine and four DOF on each
leg [2]. The robot uses a servo motor as its actuator. The
legged locomotion of the salamander like-robot is
developed by using central pattern generator (CPG)
method.

The salamander robot [1-4] which has been developed
used two types of locomotion that is terrestrial
locomotion to walk on the land and aquatic locomotion
to swim on the water. In this study, the proposed
salamander robot only used terrestrial locomotion

straightforward walking on the land. The swimming mode of
the salamander like-robot will be developed in the future
study

CPG Based locomotion inspired scientists and engineers
to build robots by mimicking spinal cord of the animals. CPG
is the key mechanism of generating adaptive and versatile
locomotion in animals [5]. CPG generates motion system
instantly on a legged robot-like spine-based control system
[6]. CPG based locomotion has been successfully
implemented in legged robot research such as snake robot
locomotion [6-9], hexapod robot [10-11], robotic fish [5,12-
14], salamander robot [1-4], and quadruped robot [15].

The proposed of salamander like-robot in this paper uses a
smaller number of DOF i.e. eight on the spine, three on each
front leg and two on each rear leg. The simplification of DOF
is conducted to reduce the number of actuators so that the
design becomes simpler and the salamander robot will have a
smaller dimension than the previously developed robot as in
reference [2]. This is done to meet the initial goal of creating
a salamander like-robot that is applicable for Search and
Rescue (SAR) purpose.

In the developing of the kinematics locomotion based on
central pattern generator (CPG) for each joint, the model of
salamander like-robot uses CPG approach by dividing the
salamander robot body into smaller segments that can
represent the segmentation function of the actual salamander



body as performed by ref. [1]. The CPG based locomotion
of the spinal cord of the salamander like-robot is
represented by eight joints with nine links from head to
tail model. Each left and right of the front leg has three
DOF that can determine the direction of the
straightforward walk. Each rear leg has two DOF because
of its more passive movements than the robot's front legs.
After building the CPG based locomotion, the results of
CPG model is implemented in 3D animation under
SimMechanics First Generation environment, such as in
reference [16]. To verify the legged locomotion based on
CPG model in 3D animation simulation, the CPG model
is embedded on the robot salamander microcontroller
using 32 bit Arduino Due. The robot is tested on the
straightforward walking as in the 3D simulation.

I1. Salamander Robot Model

11.1. 3D CAD Design

In this paper, the development of 3D CAD model on
salamander like- robot was conducted in parallel with
robotic prototype assembly. 3D CAD design of the
salamander like-robot model was performed using
SolidWorks computer-aided design (CAD) software. The
SolidWorks CAD software was chosen because of its
ease of use. 3D CAD models and the prototype of
salamander like-robot that had been developed can be
shown in Fig. 1.

The dimension of the salamander robot can be seen in
Fig. 2. From Fig. 2, it can be seen that the dimensions of
the body part in the front legs and the rear legs are not
similar. The forelimbs of the front legs were used for the
controller's place and the rear legs were used for the
battery’s place. The result of 3D salamander robot model
from CAD software as shown in Fig. 1 was exported in
SimMechanics block diagram under MATLAB/Simulink
environment using SimMichanics Link plugin. The
plugin can be downloaded freely from the Mathworks
website. The results of SimMechanics block diagram will
be used as 3D animation of salamander robot motion. The
3D animation will visualize the motion of salamander
robot on straightforward walk in 3D view environment.
SimMechanics  toolbox from MATLAB/Simulink
software is a powerful tool for 3D animation purpose of
a mechanical system. It can simulate the motion of
mechanical system by giving it with the joint input in 3D
view environment. SimMechanics 3D animation had
been successfully developed for 3D virtual of five DOF
robotic hand on the previous works [17,18]. The 3D
animation of robotic hand can be driven by giving the
revolute joint angle inputs for each finger in
SimMechanics block diagram. This salamander like-
robot model for 3D animation used revolute joints to
model the joint body of the proposed salamander robot in
SimMechanics.

Fig. 1. 3D CAD assembly of the proposed 18 DOF salamander robot

I1.2.  Gait Cycle for Straight-Forward Walking
Movement

In Fig.1, there is a shaft supporting the body of a
salamander robot model between the two joints of the body
and the front legs. This is because the point is the front
Central Pattern Generator (CPG) which becomes the
reference on the straightforward walk. The point/CPG in the
salamander robot model does not move against time. The next
thing to do is to develop the kinematics equation of motion
(EOM) based on CPG legged locomation, starting from the
head to tail tip. When walking, the salamander form S-shape
standing wave with a length of 1 A from head to tail tip. Two
points that become the reference when doing straightforward
walking movement is the center point of the connecting body
of the front legs (front CPG) and the center point of the rear
legs connecting body (rear CPG).

The movement of the front legs adjusts the body
movements of the robot salamander. As the front body of the
salamander robot leans to the right, the left front leg goes
forward. When the front body of the salamander robot is
leaning to the left, the left front leg retreats as it moves
forward. Rear legs movement is the opposite of the front legs
movement. When the left front leg stepped back, the rear right
leg stepped back simultaneously. While the rear left leg
moves with the tip of the foot forward. Both the front legs and
rear legs have same distance step. So make the salamander
robot can walk straightforward

eegy) | f

Fig. 2. The dimension of the body links in the salamander robot



I1l. CPG Based Locomotion Model

In this section, the straightforward walk kinematics
motion of the salamander robot would be developed to
determine the angles formed by each joint on the head,
body, legs, and tail of the salamander robot. The front
CPG was used as a reference to the straightforward
walking movement of salamander robot. The joint angles
on the head, body, and tail can be shown by Fig. 3. The
body angle on the front CPG oscillated by Oc; to the
centerline, as shown in Fig. 3. The initial angle of 6c; is
0°, so it can be written in a sinusoidal equation using the
parameters as shown in Fig. 2, and it can be expressed by
equation (1).
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Fig. 3. Joint angles in the salamander robot.

1.1, Head Movement (0n)

The head of the salamander robot is always facing
forward, in the other words the head angle 4 always
parallel to the centerline. Then the angle on the joint of
the head must be opposite direction and equal to Oc1. The
angular equation for the head joint can be written as in
equation (2).

Oy =01 )

111.2.  Body Movement (6cz, Og1, 082, OB3)

The length of the two joints in front body Lci and the
length of two joints on the rear body have the same
distance to the centerline. The value of ¢, can be defined
as expressed in equation (3).

- LCl -

Sin@., =—=sin g, 3

C2 ch C1l ( )
The abdomen of the salamander robot forms half
wave. There are four links on the abdomen, so to form a
half-wave joint in the middle must be the peak of the
wave. The second and third links have the opposite angle
of the direction and the same magnitude towards the

centerline that is half of 6, 65 can be defined as in
equation (4).

1
gy = _E Oc1 4)
From the equation (4), the joint angles of 0g, and 6g3 can
be calculated using equation (5), and (6).

O =—bcy ®)
933 = ch _981 (6)

I11.3.  Tail Movement (67)

In the straightforward walking motion, the salamander
robot 's tail forms half wave opposing its body. In the CPG
based locomotion model, there are four links for the tail
system. The rear leg connecting body and tail tip links forms
an equal angle to the centerline and opposites to each other.
The magnitude of the joint angle on the tail for the motion of
straightforward walking is equal, so it can be defined as
written in equation (7).

1

Or :—5902 (7

I11.4.  Front Leg Movement

The straightforward walking pattern strategy for the front
leg is the end of the link always following the offset of the
centerline with the df distance obtained according to the 6n
value and determined from the front leg position at the
maximum &c1. The value of 6 is predetermined and can vary
between 0 ° - On (max). The front leg tip is always following
the offset of the centerline with the distance dr by adjusting
the value of 6s. The value of 6 is range from 0° to 90°. From
the description above and Fig. 4, the kinematics motion can
be written for the front leg as follows:

LfZZDf12+(Lfl+Lf2+Lf3)2 (8)
Ot 1maxy = 90" — 7 9)
a =01+ 051 — Ot ymay) (10)

d; =D c0sO, + L COSa — L4405 COS(E; (ay — 1) (11)
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Fig. 4. Front leg movement



Before presenting the equations of motion on the rear
legs, note that forward strokes on the front legs and rear
legs go simultaneously and equal in length, so that no slip
conditions occur. Sp is the stroke at the initial position
and S is the actual stroke as shown in Fig. 5. The equation
of foot strokes can be written as in equation (5)

S=DcsinG;, +L;sina+L ., sin@, —7) (12)
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Fig. 5. Front leg stroke

I11.5.  Front Leg Movement

Stroke on the rear leg adjusts to the front foot. In Fig.
6, the starting position of the rear foot opposite to the
front foot because when contact with the ground, the
front, and rear legs are in opposite position. The
equations of the rear foot motion can be written as in
equation (12).
S_So = Dc sin 9(:2 +(Lb1 + Lb2 COSQbZ)Sin(HCZ _9b1) (13)
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Fig. 6. Rear leg movement

IV. Salamander Like-Robot Prototype

The prototype of a salamander like-robot was developed
using 3D printing technology. The body of the robot was
printed by using polylactic acid (PLA) material. The main
part of the salamander robot was printed using a 3D delta type
printer with a nozzle diameter of 0.2 mm, maximum width of
17 cm and a maximum height of 22 cm. Two servo motors,
servo Tower Pro MG995 and Tower Pro SG90 were used on
this salamander-like robot as shown in Fig. 7. The Servo
Tower pro MG995 has torque varying from 9.4 kg.cm at 4.8
V to 11.00 kg.cm at 6 V. This metal gear servo has the mass
of 55 g and it can rotate from 0° to 180°. This servo was used
for lift motion on the robot's foot because it had a large
enough torque to lift the body load of the salamander robot.
While Servo Tower Pro SG90 has a torque of 1.8 kg.cm and
the dimensions are quite small that is 22.2 x 11.8 x 31 mm.
This servo was used for the vertical axis joint motion of the
salamander like-robot body because it was not affected by
gravity and has small dimensions.

Since the CPG-based locomotion on this robot required
complex and heavy computation, the Arduino Due
microcontroller was selected and used in this study. Arduino
Due is a project board variant of the Arduino microcontroller
that uses the Atmel SAM3X8E ARM Cortex-M3 CPU.
Arduino Due is the first Arduino Development Board to use
a 32-bit ARM processor. Development board has a GPIO of
54 pins (12 of which are PWM pins), 12 analog pins, 4 UART
/ serial port hardware, clock count / clock with 84 MHz
frequency, USB OTG connection, 2 DAC (digital-to-analog
converter) , 2 TWI (Two Wire Interface, compatible with 12C
protocol from Phillips), standard power supply jack (5.5/2.1
mm) jack, SPI header connector, JTAG header connector,
reset button, and an erase button). The drawback of the
Arduino Due compared to other Arduino variants that use
MCU Atmega is the absence of integrated EEPROM. To
control the salamander like-robot using Arduino Due only
needed general purpose input/output (GPIO) pin because in
this early research did not use the remote control.

(@) (b)

Fig. 7. The utilized servo motors on salamander like-robot, (a) Tower Pro
MG 995 (b) servo Tower Pro SG90

The final prototype of the built salamander like-robot is
shown in Fig. 8. The robot has nine joints with eight links
from head to tail. The nine joints used metal gear servo Tower



Pro SG90. Each left and right of the front leg has three
DOF while each rear leg had two DOF because of its
more passive movements than the robot's front legs. The
joints on both front and rear legs utilized metal gear servo
Tower Pro MG995.

Fig. 8. The resulted salamander like-robot

V. Results and Dicussion

In this section, the kinematics motion based on the
developed CPG based legged locomotion was
implemented in simulation under virtual reality and real
salamander like-robot to walk in straightforward motion.
The 3D animation in virtual reality is conducted using
SimMechanics First Generation feature in MATLAB-
Simulink software. For the embedded programs on the
prototype of salamander like-robot, it used Simulink
Support Package for Arduino Hardware.

V.1. Straightforward walk in simulation and virtual
reality

The SimMechanics - First Generation toolbox under
MATLAB/Simulink environment was chosen because it
was simpler and conforms to the problem limitation of
not discussing robot dynamics, only its kinematics. The
3D virtual reality model of the salamander robot was
imported from * .xml and * .stl files created by exporting
the robot model in Solidworks CAD software assemblies
using the Sim Mechanics Link plugin. When the * .xml
file was imported using the 'mechimport’ command
function in MATLAB, the software will automatically
generate the auto-generate block diagram of the
salamander robot in the Simulink environment according
to the Solidworks assembly. The diagrams that were
formed need to be tidied up in order to remember the
many parts and joints to make it easier in the next
programming of the block diagram in Simulink.

The joint angles of salamander robot would be
determined using equation from (1) to equation (12). The
results of joint angles are presented by the corresponding
plot from Fig. 9 to Fig. 13. Fig. 9 shows 6c1 and 6y
corresponding to the equation (2), the value of 64 is
opposite to fci. The joint angles in the salamander’ body,

front CPG, and rear CPG are resulted from equation (4) to
equation (6) as shown in Fig. 10. The resulted joint angle
motion in tail can be presented in Fig. 11. The joint angle in
the tail is less than the joint angle in front CPG. The joint
angles in rear legs and front legs are presented in Fig. 12 and
Fig. 13 respectively.
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Fig. 9. Predefined joint angle inputs of the head and front CPG.

Argpw (dopw

Fig. 10. Predefined joint angle inputs of CPG and body.

Fig. 11. Predefined joint angle inputs of front CPG and tail.
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Fig. 12. Predefined joint angle inputs of front CPG and front leg.
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Fig. 13. Predefined joint angle inputs of front CPG and rear leg.

The motions of joint angle inputs from Fig. 9 to Fig.
13 would be simulated using SimMechanics 3D
Animation for the straightforward walk on the 3D model
of salamander robot. The result of 3D animation
simulation in SimMechanics environment after given
equation of motion input can be seen in Fig. 13. From the
simulation results in 3D virtual reality of the salamander
robot motion, the robot model succeeded in forming a
curve that resembles standing wave with the head always
forward. The front leg always moves parallel to the
centerline line when the contact was in contact with the
ground. Rear leg stroke was in accordance with the front
leg stroke opposite side. Every 1.5 second the salamander
body becomes straightforward. These result of 3D
animation motion of the robot showed that the developed
model of CPG based legged locomotion can be always
forward. The front leg always moves parallel to the
centerline line when the contact was in contact with the
ground. Rear leg stroke was in accordance with the front
leg stroke opposite side. Every 1.5 second the salamander
body becomes straightforward. These result of 3D
animation motion of the robot showed that the developed
model of CPG based legged locomotion can be
implemented to drive the proposed salamander robot on
straight walk conditions.

?f}\§

Fig. 14. The sequence of motion of Salamander robot in SimMechanics 3D
Animation from 1 sto 6 s.

V.2. Straightforward walking in the real salamander like-
robot

In order to verify the effectivity of the developed CPG
based locomotion model in virtual reality simulation as
presented in section V.A. The kinematics equation developed
from CPG based legged locomotion as presented in equation
(1) through equation (12) was developed using block diagram
under MATLAB Simulink environment.

After the CPG based locomotion model as in equation (1)
through (12) had been built in Simulink block diagram. The
resulted motions of joint angle inputs from Fig. 9 to Fig. 13
will be utilized as joint motion input in servo motor command
of the salamander like-robot prototype as shown in Fig. 8.
The command of servo motor was implemented using
Standard Servo Write block. The block diagram of CPG
model was embedded in Arduino Due using Simulink
Support Package for Arduino Hardware. The model run with
the sampling rate of 50 Hz. The Arduino Due microcontroller
can run the CPG model in real time without overrunning in
computation.

Based on the experimental results, the proposed of
salamander robot prototype succeeded in forming S-curve
that resembles a standing wave with the head always forward
on the straightforward walk. The motion of the salamander
robot’s body links had similar motion as shown in virtual
reality simulation results.

In the experimental result, the front leg always moved
parallel to the centerline line when the foot contact was in
contact with the ground. Rear leg stroke was in accordance
with the front leg stroke opposite side. Both in virtual reality
simulation and experimental had the same initial condition



i.e. 0 degree. Every 1.5 second, the salamander body
became straightforward both in the virtual reality
simulation and experiment. Based on the legged
locomotion result in the experimental work, the

developed CPG based locomotion had been verified that
the salamander like-robot can walk straightforward
effectively.

Fig. 15. The sequence of images of salamander like-robot walks
straightforward

V1. Conclusion and Future Work

The proposed salamander like-robot uses CPG
approach by dividing the salamander robot body into
smaller segments that can represent the segmentation
function of the actual salamander body. The CPG based
locomotion of the spinal cord of the salamander like-
robot is represented by eight joints with nine links from
head to tail model. The effective CPG based legged
locomotion for 18 DOF salamander like-robot has been
successfully developed and implemented both in virtual
reality simulation and experimental work.

Based on the simulation, the predefined joint angle
inputs in salamander robot can be used to drive the robot
to do straightforward walk that can mimic the walking of
the real salamander naturally. Based on the legged
locomotion result in experimental work, the developed
CPG based locomotion had been verified that the
salamander like-robot can walk straightforward
effectively. The research has succeeded in the developing
of a low-cost 18 DOF salamander like-robot using 3D
printing technology that can walk naturally like a
salamander.

In the future research, the motion of the salamander
robot in turn right and turn left will be developed and
embedded into the proposed salamander robot. After the
CPG based locomotion is embedded into the robot, it will
be used as a low-cost amphibious robot that can be
implemented to support Search and Rescue (SAR)

especially in disaster areas such as flood, earthquake,
tsunami, or landslide
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Development of 18 DOF Salamander Robot Using CPG Based

Locomotion for Straight Forward Walk

M. Munadi*, Mcochammad Ariyanto?, Kharisma A. Pambudi?, Joga D. Setiawan*

Abstract — The utilization of mechatronics, robotics, and control systems has been widely spread in
many areas over the last few decades. Robotics research is widely used for industrial purposes such
as wheeled robots and manipulators, but now many researchers incorporate biomimetic science that
we often call biorobotics. This paper will present a preliminary research in the field of biorobotics
with a robot salamander model that can walk in straight walking using a central pattern generator
(CPG). This robot model uses a legged locomotion system that has 18 degrees of freedom (DOF). The
CPG based locomotion model will be developed for controlling the gait cycle when the robot walks.
The motions of joint angle inputs resulted from CPG model will be simulated using SimMechanics 3D
Animation and implemented on the proposed salamander robot for straight walking. Based on the
result in both virtual reality simulation and experimental work using CPG locomotion approach, the
predefined joint angle inputs in salamander robot can be used to drive the robot. The proposed CPG
locomotion can mimic the walking of a real salamander naturally in straight walk.

Keywords: Robot Salamander; 18 DOF; Central Pattern Generator (CPG); 3D Animation

I. Introduction

because the research study focuses on the motion of straight

In some cases of disasters such as flood, earthquake,
tsunami, or landslide are often found to be buried or
trapped in an avalanche or ruin. In such a case, it is not
possible to send people to enter the gaps or holes formed.
Therefore, it is necessary to develop a system that can
solve this problem. One alternative is a robot that can
enter the hole/slit and move on land or in water bringing
the camera to see in the dangerous conditions. Based on
this condition, salamander robot is chosen because the
salamander is one of the amphibian reptiles that can move
both on land and on water.

In this study, the proposed salamander like-robot
model adapts the salamander robot that has been
researched in the previous studies [1-4]. The robot [1,2]
has 27 DOF, 11 DOF on the spine and four DOF on each
leg [2]. The robot uses a servo motor as its actuator. The
legged locomotion of the salamander like-robot is
developed by using central pattern generator (CPG)
method.

The salamander robot [1-4] which has been developed
used two types of locomotion that is terrestrial
locomotion to walk on the land and aquatic locomotion
to swim on the water. In this research, the proposed
salamander robot only uses terrestrial locomotion

walk on a floor or land. The swimming mode of the
salamander like-robot will be developed in the future study.

CPG Based locomotion inspired scientists and engineers
to build robots by mimicking spinal cord of the animals. CPG
is the key mechanism of generating adaptive and versatile
locomotion in animals [5]. CPG generates motion system
instantly on a legged robot-like spine-based control system
[6]. CPG based locomotion has been successfully
implemented in legged robot research such as snake robot
locomotion [6-9], hexapod robot [10-11], robotic fish [5,12-
14], salamander robot [1-4], and quadruped robot [15].

In this paper, the proposed of salamander like-robot uses a
smaller number of DOF i.e. eight on the spine, three on each
front leg and two on each rear leg. The simplification of the
number of DOF is conducted to reduce the number of
actuators so that the design becomes simpler and the
salamander robot will have a smaller dimension than the
previously developed robot as in reference [2]. This is
conducted to meet the initial goal to create a salamander like-
robot that is applicable for Search and Rescue (SAR) purpose.

In this study, we developed the governing equation of
motion using a central pattern generator (CPG) for each robot
on a straight walk. This paper proposes the CPG model of 18
DOF Salamanders like-robots by dividing the salamander
robot body into smaller segments that are performed by ref.
[1]. In straight walk locomotion, the CPG model can be driven



by using a sinusoidal wave. The proposed CPG based
locomotion of the spinal cord of the robot is represented
by eight links from head to tail model. Each left and right
leg of the front has three DOFs that can determine the
direction of the straight walk. Each DOF has two rear legs.
They are more passive movement than the robot's
movement front legs. After building the CPG based
locomotion, the results of the CPG model are
implemented in 3D animation under the SimMechanics of
First Generation environments, such as in reference [16].
To verify the legged locomotion based on CPG model in
3D animation simulation, the CPG model is embedded on
the robot salamander microcontroller using 32-bit
Arduino Due. The robot is tested on the straight walk gait
as in 3D simulation.

I1. Salamander Robot Model
11.1. 3D CAD Design

In this paper, the development of 3D CAD model on
the salamander like- robot was conducted in parallel with
robotic prototype assembly. 3D CAD design of the
salamander like-robot model was performed using
SolidWorks computer-aided design (CAD) software. The
SolidWorks CAD software was selected because of its
ease of use. The 3D CAD model and the prototype of
salamander like-robot that had been developed can be
shown in Fig. 1.

The dimension of the salamander robot can be seen in
Fig. 2. It can be seen that the dimensions of the body part
in the front legs and the rear legs are not similar. The
forelimbs of the front legs were used for the controller's
place and the rear legs were used for the battery’s place.
The result of 3D salamander robot model from CAD
software as shown in Fig. 1 was exported in
SimMechanics block diagram under MATLAB/Simulink
environment using SimMichanics Link plugin. The
plugin can be downloaded freely from the Mathworks
website. The results of SimMechanics block diagram will
be used as 3D animation of salamander robot motion. The
3D animation will visualize the motion of salamander
robot on straight walk in 3D view environment.
SimMechanics toolbox from MATLAB/Simulink
software is a powerful tool for 3D animation purpose of
a mechanical system. It can simulate the motion of
mechanical system by giving it with the joint input in 3D
view environment. SimMechanics 3D animation had
been successfully developed for 3D virtual of five DOF
robotic hand on the previous works [17,18]. The 3D
animation of robotic hand can be driven by giving the
revolute joint angle inputs for each finger in
SimMechanics block diagram. This salamander like-
robot model for 3D animation used revolute joints to
model the joint body of the proposed salamander robot in
SimMechanics.

Fig. 1. 3D CAD assembly of the proposed 18 DOF salamander robot

I1.2.  Gait Cycle for Straight Walking Movement

In Fig.1, there is a shaft supporting the body of a
salamander robot model between the two joints of the body
and the front legs. This consideration is taken because the
point serves as the front Central Pattern Generator (CPG)
which becomes the reference on the straight walk. The
point/CPG in the salamander robot model does not move
against time. The kinematics equation of motion (EOM) is
developed based on CPG legged locomotion, starting from
the head to tail tip. When walking, the salamander form S-
shape standing wave with a length of 1 A from head to tail tip.
Two points that become the reference when performing
straight walking movement is the center point of the
connecting body of the front legs (front CPG) and the center
point of the rear legs connecting body (rear CPG).

The movement of the front legs adjusts the body
movements of the robot salamander. As the front body of the
salamander robot leans to the right, the left front leg goes
forward. When the front body of the salamander robot is
leaning to the left, the left front leg retreats as it moves
forward. Rear leg movement is the opposite movement of the
front leg movement. When the left front leg stepped back, the
rear right leg stepped back simultaneously. While the rear left
leg moves with the tip of the foot forward. Both the front legs
and rear legs have the same distance step. This same step
makes the salamander robot can walk straightforward
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Fig. 2. The dimension of the body links in the salamander robot with (all
units in mm)



I1l. CPG Based Locomotion Model

In this section, the straightforward walk kinematics
motion of the salamander robot would be developed to
determine the angles formed by each joint on the head,
body, legs, and tail of the salamander robot. The front
CPG was used as a reference to the straightforward
walking movement of salamander robot. The joint angles
on the head, body, and tail can be shown by Fig. 3. The
body angle on the front CPG oscillated by Oc; to the
centerline, as shown in Fig. 3. The initial angle of 6c; is
0°, so it can be written in a sinusoidal equation using the
parameters as shown in Fig. 2, and it can be expressed by
equation (1).

bc1 = Ocimax) Sin(@1)

d; =D coséq; +L; cosa— Lt 4top) cos(6; (max) -7)

a =0c; + 051 = Ot ymay) @

S =D¢ sinbgy + Ly sina + Ly ygop) SINGs —71)

S=Sp = D¢ 8inbc, + (Lpy + Lpz COSbh)Sin(Oc 2 — biy)

Fig. 3. Joint angles o the salamander robot.
.1, Head Movement (On)

The head of the salamander robot is always facing
forward, in the other words the head angle 64 always
parallel to the centerline. Then the angle on the joint of
the head must be opposite direction and equal to Oc1. The
angular equation for the head joint can be written as in
equation (2).

Oy = 0o, )

111.2.  Body Movement (6cz, Og1, 082, OB3)

The length of the two joints in front body Lci and the
length of two joints on the rear body have the same
distance to the centerline. The value of 6c, can be defined
as expressed in equation (3).

- LC]_ .
SiNGr, = —=5in 6, 3
Cc2 ch C1l ( )

The abdomen of the salamander robot forms half
wave. There are four links on the abdomen. In order to
form a half-wave, the joint in the middle must be the peak
of the wave. The second and third links have the opposite
angle of the direction and the same magnitude towards
the centerline that is half of 6;,, &g, can be defined as in

equation (4).

1
g1 = _59c1 4
From the equation (4), the joint angles of 0g2 and 63 can
be calculated using equation (5), and (6).

g2 =—bc1 ®)
Ops =Oco — b (6)

I11.3.  Tail Movement (67)

In the straight walking motion, the salamander robot 's tail
forms half wave opposing to its body. In the CPG based
locomotion model, there are four links for the tail system. The
rear leg connecting body and tail tip links forms an equal
angle to the centerline and opposites to each other. The
magnitude of the joint angle on the tail for the motion of
straight walking is equal, it can be defined as written in
equation (7).

1

6 :_Egcz (7

I11.4.  Front Leg Movement

The straight walking pattern strategy for the front leg is the
end of the link always following the offset of the centerline
with the dr distance obtained according to the #x value and
determined from the front leg position at the maximum 0c.
The value of 6 is predetermined and can vary between 0 ° -
6r1 (max). The front leg tip is always following the offset of
the centerline with the distance ds by adjusting the value of 6.
The value of 6 is range from 0° to 90°. From the description
above and Fig. 4, the kinematics motion can be written for the
front leg as follows:

sz :Df12+(Lf1+Lf2+Lf3)2 (8)
s 1(max) — 90" - 72 )
a =01+ 051 — Ot ymax) (10)

dy =D C080., +L; COSQ— Ly 40 COS(E; gy = 71) (1)

cerenine

A=

dfl

Fig. 4. Front leg movement



Before presenting the equation of motion on the rear
legs, note that forward strokes on the front legs and rear
legs go simultaneously and equal in length, so that no slip
conditions occur. Sp is the stroke at the initial position
and S is the actual stroke as shown in Fig. 5. The equation
of foot strokes can be written as in equation (5)

S=D.sing;, +L,sina+ LM(mp) sin(@; —y,) (12)

So

«—

Flg. 5. Front leg stroke

I11.5.  Front Leg Movement

Stroke on the rear leg adjusts to the front foot. In Fig.
6, the starting position of the rear foot opposite to the
front foot because when it contact with the ground, the
front, and the rear legs are in opposite position. The
equations of the rear leg motion can be written as in
equation (12).
S-S, =D. S|n6’C2+(Lm+Lhz cos6,,)sin(0., - 6,) (13)
S-So il

c
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Fig. 6. Rear leg movement

IV. Salamander Like-Robot Prototype

The prototype of a salamander like-robot was developed
using 3D printing technology. The body of the robot was
printed by using polylactic acid (PLA) material. The main
part of the salamander robot was printed using a 3D delta type
printer with a nozzle diameter of 0.2 mm, maximum width of
17 cm and a maximum height of 22 cm. Two servomotors,
servo Tower Pro MG995 and Tower Pro SG90 were used on
this salamander-like robot as shown in Fig. 7. The Servo
Tower pro MG995 has torque varying from 9.4 kg.cm at 4.8
V to 11.00 kg.cm at 6 V. This metal gear servo has the mass
of 55 g and it can rotate from 0° to 180°. This servo was used
for lift motion on the robot's leg because it had a large enough
torque to lift the body load of the salamander robot. While
Servo Tower Pro SG90 has a torque of 1.8 kg.cm and the
dimension is quite small that is 22.2 x 11.8 x 31 mm. This
servo was used for the vertical axis joint motion of the
salamander like-robot body because it was not affected by
gravity and has small dimension.

Since the CPG-based locomotion on this robot required
complex and heavy computation, the Arduino Due
microcontroller was selected and used in this study. Arduino
Due is a project board variant of the Arduino microcontroller
that uses the Atmel SAM3X8E ARM Cortex-M3 CPU.
Arduino Due is the first Arduino Development Board to use
a 32-bit ARM processor. Development board has a GPIO of
54 pins (12 of which are PWM pins), 12 analog pins, 4 UART
/ serial port hardware, clock count / clock with 84 MHz
frequency, USB OTG connection, 2 DAC (digital-to-analog
converter) , 2 TWI (Two Wire Interface, compatible with 12C
protocol from Phillips), standard power supply jack (5.5/2.1
mm) jack, SPI header connector, JTAG header connector,
reset button, and an erase button). The drawback of the
Arduino Due compared to other Arduino variants that use
MCU Atmega is the absence of integrated EEPROM. To
control the salamander like-robot using Arduino Due only
needed general purpose input/output (GPIO) pin because in
this early research did not use the remote control.

(@) (b)

Fig. 7. The utilized servo motors on salamander like-robot, (a) Tower Pro
MG 995 (b) servo Tower Pro SG90

The final prototype of the built salamander like-robot is
shown in Fig. 8. The robot has nine joints with eight links
from head to tail. The nine joints used metal gear servo Tower



Pro SG90. Each left and right of the front leg has three
DOF while each rear leg has two DOF because of its
more passive movements than the robot's front legs. The
joints on both front and rear legs utilized metal gear servo
Tower Pro MG995.

Fig. 8. The resulted salamander like-robot

V. Results and Discussions

In this section, the kinematics motion based on the
developed CPG based legged locomotion was
implemented in simulation under virtual reality and real
salamander like-robot to walk in straight walk motion.
The 3D animation in virtual reality is conducted using
SimMechanics First Generation feature in MATLAB-
Simulink software. For the embedded programs on the
prototype of salamander like-robot, it used Simulink
Support Package for Arduino Hardware.

V.1. Straightforward walk in simulation and virtual
reality

The SimMechanics - First Generation toolbox under
MATLAB/Simulink environment was chosen because it
was simpler and conforms to the problem limitation of
not discussing robot dynamics, only its kinematics. The
3D virtual reality model of the salamander robot was
imported from * .xml and * .stl files created by exporting
the robot model in Solidworks CAD software assemblies
using the Sim Mechanics Link plugin. When the * .xml
file was imported using the 'mechimport’ command
function in MATLAB, the software will automatically
generate the auto-generate block diagram of the
salamander robot in the Simulink environment according
to the Solidworks assembly. The diagrams that were
formed need to be tidied up in order to remember the
many parts and joints to make it easier in the next
programming of the block diagram in Simulink.

The joint angles of salamander robot are determined
using equation from (1) to equation (13). The results of
joint angles are presented by the corresponding plot from
Fig. 9 to Fig. 13. Fig. 9 shows Oc1 and 64 corresponding
to the equation (2), the value of 4 is opposite to fci. The
joint angles in the salamander’ body, front CPG, and rear

CPG are resulted from equation (4) to equation (6) as shown
in Fig. 10. The resulted joint angle motion in tail can be
presented in Fig. 11. The joint angle in the tail is less than the
joint angle in front CPG. The joint angles in rear legs and
front legs are presented in Fig. 12 and Fig. 13 respectively.
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Fig. 9. Predefined joint angle inputs of the head and front CPG.

Fig. 10. Predefined joint angle inputs of CPG and body.
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Fig. 11. Predefined joint angle inputs of front CPG and tail.
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Fig. 13. Predefined joint angle inputs of front CPG and rear leg.

The motions of joint angle inputs from Fig. 9 to Fig.
13 would be simulated using SimMechanics 3D
Animation for the straight walk motion on the 3D model
of salamander robot. The result of 3D animation
simulation in SimMechanics environment after given
equation of motion input can be seen in Fig. 13. From the
simulation results in 3D virtual reality of the salamander
robot motion, the robot model succeeded in forming a
curve that resembles standing wave with the head always
forward. The front leg always moves parallel to the
centerline line when the contact was in contact with the
ground. Rear leg stroke was in accordance with the front
leg stroke opposite side. Every 1.5 second the salamander
body becomes straightforward. These result of 3D
animation motion of the robot showed that the developed
model of CPG based legged locomotion can be always
forward. The front leg always moves parallel to the
centerline line when the contact was in contact with the
ground. Rear leg stroke was in accordance with the front
leg stroke opposite side. Every 1.5 second the salamander
body becomes straightforward. This result of 3D
animation motion of the robot shows that the developed
model of CPG based legged locomotion can be
implemented to drive the proposed salamander robot on
straight walk conditions.

Fig. 14. The sequence of motion of salamander robot in SimMechanics 3D
animation from 1 sto 6 s.

V.2. Straight walk in the real salamander like-robot

In order to verify the effectivity of the developed CPG
based locomotion model in virtual reality simulation as
presented in section V.1. The kinematics equation developed
from CPG based legged locomotion as presented in equation
(1) through equation (13) was developed using block diagram
under MATLAB Simulink environment.

After the CPG based locomotion model as in equation (1)
through (13) had been built in Simulink block diagram. The
resulted motions of joint angle inputs from Fig. 9 to Fig. 13
will be utilized as joint motion input in servo motor command
of the salamander like-robot prototype as shown in Fig. 8.
The command of servo motor was implemented using
Standard Servo Write block. The block diagram of CPG
model was embedded in Arduino Due using Simulink
Support Package for Arduino Hardware. The model run with
the sampling rate of 50 Hz. The Arduino Due microcontroller
can run the CPG model in real time without overrunning in
computation. The overall block diagram CPG equation of
straight walk motion from equation (1) to equation (13) was
developed using MATLBA/Simulink software. This block
diagram as shown in Fig. 15 was embedded into Arduino Due
microcontroller.

Based on the experimental results, the proposed of
salamander robot prototype succeeded in forming S-curve
that resembles a standing wave with the head always forward
on the straightforward walk. The motion of the salamander
robot’s body links had similar motion as shown in virtual
reality simulation results.
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Fig. 15. Developed CPG equation of motion block diagram in
MATLAB/Simulink environment

In the experimental result, the front leg always moved
parallel to the centerline line when the foot was in contact
with the ground. Rear leg stroke was in accordance with
the front leg stroke opposite side. Both in virtual reality
simulation and experimental had the same initial
condition i.e. 0 degree. Every 1.5 second, the salamander
body becames straight both in the virtual reality
simulation and experiment. Based on the legged
locomotion result in the experimental work, the
developed CPG based locomotion had been verified that
the salamander like-robot can walk effectively in straight
walk as depicted by Fig. 16.

Fig. 16. The sequence of iméges of salamander like-robot walks
straightforward

V1. Conclusion and Future Work

The proposed salamander like-robot uses CPG
approach by dividing the salamander robot body into
smaller segments that can represent the segmentation
function of the actual salamander body. The CPG based
locomotion of the spinal cord of the salamander like-
robot is represented by eight joints with nine links from
head to tail model. The effective CPG based legged
locomotion for 18 DOF salamander like-robot has been

successfully developed and implemented in both virtual
reality simulation and experimental work.

Based on the simulation, the predefined joint angle inputs
in salamander robot can be utilized to drive the robot to do
straight walk motion that can mimic the walking of a real
salamander naturally. Based on the legged locomotion result
in experimental work, the developed CPG based locomotion
has been verified that the salamander like-robot can walk
straight effectively. The research has succeeded in the
developing of a low-cost 18 DOF salamander like-robot using
3D printing technology that can walk naturally like a
salamander.

In the future research, the motion of the salamander robot
in turn right and turn left will be developed and embedded
into the proposed salamander robot. After the CPG based
locomotion is embedded into the robot, it will be used as a
low-cost amphibious robot that can be implemented to
support Search and Rescue (SAR) especially in disaster areas
such as flood, earthquake, tsunami, or landslide
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Abstract — The utilization of mechatronics, robotics, and control systems has been widely spread
in many areas over the last few decades. Robotics research is widely used for industrial purposes
such as wheeled robots and manipulators, but nowadays many researchers have incorporated
biomimetic science, often called biorobotics. This paper presents a preliminary research in the
field of biorobotics with a robot salamander model that can walk in straight walking using a
central pattern generator (CPG). This robot model uses a legged locomotion system that has 18
degrees of freedom (DOF). The CPG based locomotion model is developed for controlling the gait
cycle when the robot walks. The motions of joint angle inputs resulted from CPG model is
simulated using SimMechanics 3D Animation and implemented on the proposed salamander robot
for straight walking. Based on the result in both virtual reality simulation and experimental work
using CPG locomotion approach, the predefined joint angle inputs in salamander robot can be
used to drive the robot. The proposed CPG locomotion can mimic the walking of a real
salamander naturally in straight walk. Copyright © 2019 Praise Worthy Prize S.r.l. - All rights

reserved.

Keywords: Robot Salamander, 18 DOF, Central Pattern Generator (CPG), 3D Animation

l. Introduction

When disasters such as flood, earthquake, tsunami, or
landslide happen, people can be often found to be buried
or trapped in an avalanche or ruin. In such a case, it is not
possible to send people to enter the gaps or holes formed.

Therefore, it is necessary to develop a system that can
solve this problem. One alternative is a robot that can
enter the hole/slit and move on land or in water bringing
the camera to see the dangerous conditions. Based on this
condition, salamander robot is chosen because the
salamander is one of the amphibian reptiles that can
move both on land and on water. In this study, the
proposed salamander like-robot model adapts the same
robot that has been researched in previous studies [1]-[4].

It [1], [2], has 27 DOF: 11 DOF on the spine and four
DOF on each leg [2]. It uses a servo motor as its actuator.

The legged locomotion of the salamander like-robot is
developed by using central pattern generator (CPG)
method. The salamander robot [1]-[4] has been
developed using two types of locomotion: terrestrial
locomotion to walk on the land and aquatic locomotion
to swim on the water. In this research, the proposed
salamander robot only uses terrestrial locomotion
because the research study focuses on the motion of
straight walk on a floor or land. The swimming mode of
the salamander like-robot will be developed in the future
study. CPG Based locomotion has inspired scientists and
engineers to build robots by mimicking the spinal cord of
the animals. CPG is the key mechanism of generating
adaptive and versatile locomotion in animals [5].

Copyright © 2019 Praise Worthy Prize S.r.l. - All rights reserved
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CPG generates motion system instantly on a legged
robot like spine based control system [6]. CPG based
locomotion has been successfully implemented in legged
robot research such as snake robot locomotion [6]-[9],
hexapod robot [10]-[11], [19], robotic fish [5], [12]-[14],
salamander robot [1]-[4], and quadruped robot [15], [20].
In this paper, the proposed of salamander like-robot uses
a smaller number of DOF i.e. eight on the spine, three on
each front leg and two on each rear leg. The
simplification of the number of DOF is conducted to
reduce the number of actuators so that the design
becomes simpler and the salamander robot has a smaller
dimension than the previously one as in [2]. This is
conducted to meet the initial goal to create a salamander
like-robot that is applicable for Search and Rescue (SAR)
purpose. In this study, the governing equation of motion
using a central pattern generator (CPG) has been
developed for each robot on a straight walk. This paper
proposes the CPG model of 18 DOF Salamanders like-
robots by dividing the salamander robot body into
smaller segments that have been performed by [1]. In
straight walk locomotion, the CPG model can be driven
by using a sinusoidal wave. The proposed CPG based
locomotion of the spinal cord of the robot is represented
by eight links from head to tail model. Each left and right
leg of the front has three DOFs that can determine the
direction of the straight walk. Each DOF has two rear
legs. Their movement is more passive than the robot's
movement front legs. After building the CPG based
locomotion, the results of the CPG model are
implemented in 3D animation under the SimMechanics

https://doi.org/10.15866/ireme.v13i1.16464
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of First Generation environments, such as in [16]. In
order to verify the legged locomotion based on CPG
model in 3D animation simulation, the CPG model is
embedded on the robot salamander microcontroller using
32 bit Arduino Due. The robot is tested on the straight
walk gait as in 3D simulation.

Il. Salamander Robot Model

11.1. 3D CAD Design

In this paper, the development of 3D CAD model on
the salamander like- robot has been conducted in parallel
with robotic prototype assembly. 3D CAD design of the
salamander like-robot model has been performed using
SolidWorks computer-aided design (CAD) software. The
SolidWorks CAD software has been selected because of
its ease of use. The 3D CAD model and the prototype of
salamander like-robot that have been developed can be
shown in Fig. 1. The dimension of the salamander robot
can be seen in Fig. 2.

Fig. 1. 3D CAD assembly of the proposed 18 DOF salamander robot

185 116

Let | 2
| 120 f L 78 | 75 saLiC 50 | 50 | 50

130

LH 825 Le Le | Er |y | kT LT

Fig. 2. The dimension of the body links in the
salamander robot (all units are in mm)

It can be seen that the dimensions of the body part in
the front legs and the rear legs are not similar. The
forelimbs of the front legs have been used for the
controller's place and the rear legs have been used for the
battery’s place. The result of 3D salamander robot model
from CAD software as shown in Fig. 1 has been exported
in SimMechanics block diagram under
MATLAB/Simulink environment using SimMichanics
Link plugin. The plugin can be downloaded freely from
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the Mathworks website. The results of SimMechanics
block diagram will be used as 3D animation of
salamander robot motion. The 3D animation will
visualize the motion of salamander robot on straight walk
in 3D view environment. SimMechanics toolbox from
MATLAB/Simulink software is a powerful tool for 3D
animation purpose of a mechanical system. It can
simulate the motion of mechanical system by giving it
with the joint input in 3D view environment.
SimMechanics 3D animation had been successfully
developed for 3D virtual of five DOF robotic hand on the
previous works [17], [18]. The 3D animation of robotic
hand can be driven by giving the revolute joint angle
inputs for each finger in SimMechanics block diagram.

This salamander like-robot model for 3D animation
has used revolute joints to model the joint body of the
proposed salamander robot in SimMechanics.

I1.2.  Gait Cycle for Straight Walking Movement

In Fig. 1, there is a shaft supporting the body of a
salamander robot model between the two joints of the
body and the front legs. This consideration is taken
because the point serves as the front Central Pattern
Generator (CPG) which becomes the reference on the
straight walk. The point/CPG in the salamander robot
model does not move against time. The kinematics
equation of motion (EOM) is developed based on CPG
legged locomotion, starting from the head to tail tip.

When walking, the salamander form S-shape standing
wave with a length of 1\ from head to tail tip. Two
points that become the reference when performing
straight walking movement are the center point of the
connecting body of the front legs (front CPG) and the
center point of the rear legs connecting body (rear CPG).

The movement of the front legs adjusts the body
movements of the robot salamander. While the front
body of the salamander robot leans to the right, the left
front leg goes forward. When the front body of the
salamander robot leans to the left, the left front leg
retreats as it moves forward. The rear leg movement is
the opposite movement of the front leg movement. When
the left front leg steps back, the rear right leg steps back
simultaneously, while the rear left leg moves with the tip
of the foot forward. Both the front legs and rear legs have
the same distance step. This same step makes the
salamander robot to walk straightforward.

I1l. CPG Based Locomotion Model

In this section, the straightforward walk kinematics
motion of the salamander robot is developed to
determine the angles formed by each joint on the head,
body, legs, and tail of the salamander robot. The front
CPG has been used as a reference to the straightforward
walking movement of salamander robot. The joint angles
on the head, body, and tail can be shown by Fig. 3. The
body angle on the front CPG has oscillated from 6¢; to
the centerline, as shown in Fig. 3.
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Fig. 3. Joint angles of the salamander robot

The initial angle of 6¢; is 0°, so it can be written in a
sinusoidal equation using the parameters shown in Fig. 2,
and it can be expressed by equation (1):

Oc1 = Ocigmax) SIN(wt)

d; =D c0s6c; +L; cosa +

— L+ 4top) €08(Of (max) — 71)
a =0c;+0¢1 —Otymax)

)

+(Lyy + Ly, €OS6y5) sin(0c, — )

I1l.1. Head Movement (0)

The head of the salamander robot is always facing
forward, in the other words the head angle 0y is always
parallel to the centerline. Then the angle on the joint of
the head must be opposite direction and equal to 0¢;. The
angular equation for the head joint can be written as in
equation (2):

9H = _9c1 2

11.2. BOdy Movement (9(;2, Og1, Ogo, 953)

The length of the two joints in front body L¢; and the
length of two joints on the rear body have the same
distance to the centerline. The value of 6., can be
defined as expressed in equation (3):

©)

2

The abdomen of the salamander robot forms a half
wave. There are four links on the abdomen. In order to
form a half-wave, the joint in the middle must be the
peak of the wave. The second and third links have the
opposite angle of the direction and the same magnitude
towards the centerline that is half of 6-,, 6, can be

defined as in Equation (4):

1
Oy = —§9c1 4)

From equation (4), the joint angles of g, and g3 can
be calculated using equation (5), and (6):

(5)

932 = _9(:1
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O3 =6, — g1 (6)

111.3. Tail Movement (6r)

In the straight walking motion, the salamander robot 's
tail forms half wave opposing to its body. In the CPG
based locomotion model, there are four links for the tail
system. The rear leg connecting body and tail tip links
forms an equal angle to the centerline and opposites to
each other. The magnitude of the joint angle on the tail
for the motion of straight walking is equal, it can be
defined as written in equation (7):

1

br =—>6c,

5 ("

I11.4. Front Leg Movement

The straight walking pattern strategy for the front leg
is the end of the link always following the offset of the
centerline with the ds distance obtained according to the
0r value and determined from the front leg position at
the maximum 6¢;. The value of 65 is predetermined and
it can vary between 0°-0x(max). The front leg tip is
always following the offset of the centerline with the
distance ds by adjusting the value of 5. The value of 6; is
range from 0° to 90°. From the description above and
from Fig. 4, the kinematics motion can be written for the
front leg as follows:

L2 =Dgy” +(Lgy+Lip+Lgg)? (8)
0 fi(max) = 90° -7, )
a =01 +0t1 — Ot ymay) (10)
d: = D. c0sO., + L cosa +
f c c1t Lt (11)
= L+t 4¢top) €0S(O (maxy —71)
centerline {
Oci
Brine df
B
Ot
/ '

a

Fig. 4. Front leg movement
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Before presenting the equation of motion on the rear
legs, it should be noted that forward strokes on the front
legs and rear legs go simultaneously and equal in length,
so that no slip conditions occur. Sy is the stroke at the
initial position and S is the actual stroke as shown in Fig.
5. The equation of foot strokes can be written as in
equation (5):

S =Dcsinfcy +L¢ sina + Ly yiop) SINO; —71) (12)

centerline

N

/‘r
/'

So

S

Fig. 5. Front leg stroke

I11.5. Front Leg Movement

The stroke on the rear leg adjusts to the front foot. In
Fig. 6, the starting position of the rear foot opposites to
the front foot because when it touches the ground, the
front, and the rear legs are in opposite position. The
equations of the rear leg motion can be written as in
equation (12):

. (13)
+(Lpy + Ly, €05 6,5)siN(Oc ; — 6hy)

centerline

Fig. 6. Rear leg movement
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IV. Salamander-Like Robot Prototype

The prototype of a salamander like-robot has been
developed using 3D printing technology. The body of the
robot has been printed by using polylactic acid (PLA)
material. The main part of the salamander robot has been
printed using a 3D delta type printer with a nozzle
diameter of 0.2 mm, with a maximum width of 17 cm
and a maximum height of 22 cm. Two servomotors,
servo Tower Pro MG995 and Tower Pro SG90 have been
used on this salamander-like robot as shown in Figs. 7.

(b)

Figs. 7. The utilized servo motors on salamander like-robot,
(a) Tower Pro MG 995 (b) servo Tower Pro SG90

The Servo Tower pro MG995 has a torque varying
from 9.4 kg cm at 4.8 V to 11.00 kg cm at 6V. This metal
gear servo has the mass of 55 g and it can rotate from 0°
to 180°. This servo has been used for lift motion on the
robot's leg because it had a large enough torque to lift the
body load of the salamander robot, while Servo Tower
Pro SG90 has a torque of 1.8 kg cm and the dimension is
quite small that is 22.2x11.8x31 mm. This servo has
been used for the vertical axis joint motion of the
salamander like-robot body because it has not been
affected by gravity and has small dimension. Since the
CPG-based locomotion on this robot has required
complex and heavy computation, the Arduino Due
microcontroller has been selected and used in this study.
Arduino Due is a project board variant of the Arduino
microcontroller that uses the Atmel SAM3X8E ARM
Cortex-M3 CPU. Arduino Due is the first Arduino
Development Board to use a 32-bit ARM processor.
Development board has a GPIO of 54 pins (12 of which
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are PWM pins), 12 analog pins, 4 UART / serial port
hardware, clock count / clock with 84 MHz frequency,
USB OTG connection, 2 DAC (digital-to-analog
converter) , 2 TWI (Two Wire Interface, compatible with
12C protocol from Phillips), standard power supply jack
(5.5 /2.1 mm) jack, SPI header connector, JTAG header
connector, reset button, and an erase button). The
drawback of the Arduino Due compared to other Arduino
variants that use MCU Atmega is the absence of
integrated EEPROM. In order to control the salamander
like-robot using Arduino Due only the general purpose
input/output (GPIO) pin is needed because in this early
research the remote control has not been used. The final
prototype of the built salamander like-robot is shown in
Fig. 8. The robot has nine joints with eight links from
head to tail. The nine joints used metal gear servo Tower
Pro SG90. Each left and right of the front leg has three
DOF while each rear leg has two DOF because of its
more passive movements than the robot's front legs. The
joints on both front and rear legs have utilized metal gear
servo Tower Pro MG995.

Fig. 8. The resulted salamander-like robot

V. Results and Discussions

In this section, the kinematics motion based on the
developed CPG based legged locomotion is implemented
in simulation under virtual reality and real salamander
like-robot to walk in straight walk motion. The 3D
animation in virtual reality is conducted using
SimMechanics First Generation feature in MATLAB-
Simulink software. For the embedded programs on the
prototype of salamander like-robot, Simulink Support
Package for Arduino Hardware has been used

V.1. Straightforward Walk in
Simulation and Virtual Reality

The SimMechanics - First Generation toolbox under
MATLAB/Simulink environment has been chosen
because it is simpler and it conforms to the problem
limitation of not discussing robot dynamics, only its
kinematics. The 3D virtual reality model of the
salamander robot has been imported from * .xml and *
stl files created by exporting the robot model in
Solidworks CAD software assemblies using the Sim
Mechanics Link plugin. When the * .xml file has been
imported using the 'mechimport’ command function in
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MATLAB, the software automatically generates the
auto-generate block diagram of the salamander robot in
the Simulink environment according to the Solidworks
assembly. The diagrams formed need to be tidied up in
order to remember the many parts and joints to make it
easier in the next programming of the block diagram in
Simulink. The joint angles of salamander robot are
determined using equation from (1) to equation (13). The
results of joint angles are presented by the corresponding
plot from Fig. 9 to Fig. 13.

30 T T T T T
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Fig. 9. Predefined joint angle inputs of the head and front CPG
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Fig. 10. Predefined joint angle inputs of CPG and body
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Fig. 11. Predefined joint angle inputs of front CPG and tail
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Fig. 12. Predefined joint angle inputs of front CPG and front leg
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Fig. 13. Predefined joint angle inputs of front CPG and rear leg

Fig. 9 shows 6¢; and 6y corresponding to the equation
(2), the value of 6y is opposite to 6¢;. The joint angles in
the salamander’ body, front CPG, and rear CPG resul
from equation (4) to equation (6) as shown in Fig. 10.

The resulted joint angle motion in tail can be
presented as in Fig. 11. The joint angle in the tail is less
than the joint angle in front CPG. The joint angles in rear
legs and front legs are presented in Fig. 12 and Fig. 13
respectively.

The motions of joint angle inputs from Fig. 9 to Fig.
13 are simulated using SimMechanics 3D Animation for
the straight walk motion on the 3D model of salamander
robot. The result of 3D animation simulation in
SimMechanics environment after given equation of
motion input can be seen in Fig. 14. From the simulation
results in 3D virtual reality of the salamander robot
motion, the robot model has succeeded in forming a
curve that resembles standing wave with the head always
forward. The front leg always moves parallel to the
centerline line when it has been in contact with the
ground. Rear leg stroke has been in accordance with the
front leg stroke opposite side. Every 1.5 second the
salamander body becomes straightforward. These results
of 3D animation motion of the robot have shown that the
developed model of CPG based legged locomotion can
be always forward. The front leg always moves parallel
to the centerline line when it has been in contact with the
ground. Rear leg stroke has been in accordance with the
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front leg stroke opposite side. Every 1.5 second the
salamander body becomes straightforward. This result of
3D animation motion of the robot shows that the
developed model of CPG based legged locomotion can
be implemented to drive the proposed salamander robot
on straight walk conditions.

'S

Fig. 14. The sequence of motion of salamander robot
in SimMechanics 3D animation from1sto 6 s

V.2. Straight Walk in the Real Salamander-Like Robot

In order to verify the effectiveness of the developed
CPG based locomotion model in virtual reality
simulation as presented in section V.1, the CPG model
has been verified by using embedded CPG in a real
salamander-like robot. The kinematics equation
developed from CPG based legged locomotion as
presented in equation (1) through equation (13) has been
developed using block diagram under MATLAB
Simulink environment. After the CPG based locomotion
model as in equation (1) through (13) has been built in
Simulink block diagram. The resulted motions of joint
angle inputs from Fig. 9 to Fig. 13 is utilized as joint
motion input in servo motor command of the salamander
like-robot prototype as shown in Fig. 8. The command of
servomotor has been implemented using Standard Servo
Write block. The block diagram of CPG model has been
embedded in Arduino Due using Simulink Support
Package for Arduino Hardware. The model run with the
sampling rate of 50 Hz. The Arduino Due
microcontroller can run the CPG model in real time
without overrunning in computation. The overall block
diagram CPG equation of straight walk motion from
equation (1) to equation (13) was developed using
MATLBA/Simulink software. The block diagram shown
in Fig. 15 has been embedded into Arduino Due
microcontroller.
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Fig. 15. Developed CPG equation of motion block
diagram in MATLAB/Simulink environment

Based on the experimental results, the proposed
salamander robot prototype has succeeded in forming S-
curve that resembles a standing wave with the head
always forward on the straightforward walk. The motion
of the salamander robot’s body links had similar motion
as shown in virtual reality simulation results.

In the experimental result, the front leg has always
moved parallel to the centerline line when the foot has
been in contact with the ground. Rear leg stroke has been
in accordance with the front leg stroke opposite side.
Both in virtual reality simulation and experimental had
the same initial condition i.e. O degree. Every 1.5 second,
the salamander body becames straight both in the virtual
reality simulation and experiment. Based on the legged
locomotion result in the experimental work, the
developed CPG based locomotion had been verified that
the salamander like-robot can walk effectively in straight
walk as depicted in Fig. 16.

¢ E

Fig. 16. The sequence of images of the
salamander-like robot walking straightforward

V1. Conclusion and Future Work

The proposed salamander like-robot uses CPG
approach by dividing the salamander robot body into
smaller segments that can represent the segmentation
function of the actual salamander body. The CPG based
locomotion of the spinal cord of the salamander like-
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robot is represented by eight joints with nine links from
head to tail model. The effective CPG based legged
locomotion for 18 DOF salamander like-robot has been
successfully developed and implemented in both virtual
reality simulation and experimental work. Based on the
simulation, the predefined joint angle inputs in
salamander robot can be utilized to drive the robot to do
straight walk motion that can mimic the walking of a real
salamander naturally. Based on the legged locomotion
result in experimental work, the developed CPG based
locomotion has verified that the salamander like-robot
can walk straight effectively. The research has succeeded
in the developing of a low-cost 18 DOF salamander like-
robot using 3D printing technology that can walk
naturally like a salamander. In future research, the
motion of the salamander robot in turn right and turn left
will be developed and embedded into the proposed
salamander robot. After the CPG based locomotion is
embedded into the robot, it will be used as a low-cost
amphibious robot that can be implemented to support
Search and Rescue (SAR) especially in disaster areas
such as flood, earthquake, tsunami, or landslide
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[IREME] Editor Decision

Dari: Editorial Staff (editorialstaff@praiseworthyprize.org)
Kepada: muna_096@yahoo.com; ari_janto5@yahoo.co.id
Tanggal: Selasa, 2 April 2019 19.08 WIB

Dear Dr. Munadi, Mr Mochammad Ariyanto:

It is my great pleasure to inform you that your paper ID 16464: "Development

of 18 DOF Salamander Robot Using CPG Based Locomotion for Straight Forward
Walk" has been accepted and will be published on the International Review

of Mechanical Engineering (IREME) after the english revision by PWP staff.

If you want to publish the paper on the current issue of the Journal,
please, accomplish the following requirements as soon as possible:

1. You should order by entering into your restricted area with your username and password at:
http://www.praiseworthyprize.org/jsm/index.php?journal=ireme&page=login,

going to the Summary section of your accepted paper.

(Please select the english editing service in the order form).

2. You should download, fill in, sign and return, by e-mail to
info@praiseworthyprize.it the following documents:

2.1 COPYRIGHT FORM at:
http://www.praiseworthyprize.org/public/documents/copyright%20Praise %20new.pdf

2.2 TREATMENT OF PERSONAL DATA at:
http://www.praiseworthyprize.org/public/documents/Treatment%200f%20Personal%20data%20 2 .pdf

2.3 eventually the PERMISSION REQUEST FORM at:
http://www.praiseworthyprize.org/public/documents/ COPYRIGHT%20PERMISSION%20PRAISE.pdf

for the reproduction of any figure, table or extensive (more than fifty
words) extract from the text of a source that is copyrighted or owned by a
party other than Praise Worthy Prize or of the Author.

Sincerely,

Dr. Ethirajan Rathakrishnan, Editor-in-Chief of International Review of
Mechanical Engineering (IREME)

erath@iitk.ac.in

Warning for print deliveries:

In case you decide to order the print copy of the journal, we point out that
the shipping will be made with the “regular mail” service, without the
possibility to monitor the delivery. In this case the delivery time will

take around two months. Otherwise, you can decide to receive it with a
“registered mail” service, that will have a cost around 35.00 euros (for

one print copy) instead of about 25.00 euros requested for the regular mail.
In case of “registered mail” service, the delivery can be monitored and

the time delivery is within 30 working days.

Summary for one print copy:

Shipping mode Cost Delivery time Delivery monitoring

Regular mail 25.00 euros 30 working days No
Registered mail 35.00 euros 30 working days Yes

Please note that if you will not receive the copy, it will not be possible

to send it to you again for free. Anyway, in the case of lost delivery, we
will send you the proof of the shipping and the password to download the
electronic version of the issue where your paper has been published.

N.B. Please verify that all the metadata indicated in the webpage of your
submission (in the Summary section) are updated respect to the final version
of the paper you've uploaded.

Editorial Staff

4a

112


mailto:info@praiseworthyprize.it
http://www.praiseworthyprize.org/public/documents/copyright%20Praise%20new.pdf
http://www.praiseworthyprize.org/public/documents/Treatment%20of%20Personal%20data%20_2_.pdf
http://www.praiseworthyprize.org/public/documents/COPYRIGHT%20PERMISSION%20PRAISE.pdf
mailto:erath@iitk.ac.in

Yahoo Mail - [IREME] Editor Decision

Praise Worthy Prize
Publishing House
editorialstaff@praiseworthyprize.org

PRAISE WORTHY PRIZE
PUBLISHING HOUSE

Editorial Staff
editorialstaff@praiseworthyprize.com

++++++++++++++++++H++++ ATTENTION +++++++++++++++++H+++

This e-mail is directed uniquely to the interested party,

which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message, Praise Worthy Prize will
claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account
holder or email subscriber.

In case the e-mail should be addressed to other than you, or the content
should reveal any transmission errors or manipulations, please contact us at
the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of
information we may hold or collect about you and how we may use that
information, please see our Privacy Policy here:
http://www.praiseworthyprize.com/privacy.htm or contact our Data Protection
Office here: privacy@praiseworthyprize.org
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[IREME] Editor Decision

From: muna_096@yahoo.com
To: praiseworthyprize@gmail.com
Cc: ari_janto5@yahoo.co.id; mochammad_ariyanto@ft.undip.ac.id

Date: Friday, April 5,2019, 06:41 PM GMT+7

Dear Dr. Angela Tafuro
Head of the Editorial Staff

In this email, we attache the documents in the correct requested format.
All four signatures of each author were done by hand.

Please find the document in the attachment.

1. Treatment of personal data
2. Copyright Transfer Agreement

Please let me know if | miss the documents regarding the publication process.

Best regards,
Munadi

Pada Kamis, 4 April 2019 22.38.16 WIB, Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com> menulis:

Dear Dr. Munadi,

thank you for your e-mail

| regret to inform you that these documents are not acceptable.

In all the documents the signatures of each author should be done by hand

( we cannot accept any kind of digital signatures as well as signatures pasted by other documents).
Please be so kind to send me the documents in the correct requested format.

Best Regards

Angela Tafuro
Head of the Editorial Staff
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PRAISE WORTHY PRIZE S.r.l.
PUBLISHING HOUSE
Editorial Staff

editorialstaff@praiseworthyprize.com

++++++++++++++++++++++ ATTENTION +++++++++++++++++++4+
This e-mail is directed uniquely to the interested party, which is the exclusive addressee of any information contained

herein. For any abuse about the content of this message, Praise Worthy Prize will claim compensation for damages
occurred to third parties as well.
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You are receiving this email because you are a Praise Worthy Prize's account holder or email subscriber. In case the e-
mail should be addressed to other than you, or the content should reveal any transmission errors or manipulations,
please contact us at the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of information we may hold or collect about you and
how we may use that information, please see our Privacy Policy, or contact our Data Protection Office here:
privacy@praiseworthyprize.org

[l giorno gio 4 apr 2019 alle ore 14:34 Munadi <muna_096@yahoo.com> ha scritto:
Dera Dr. Ethirajan Rathakrishnan,
Editor-in-Chief of International Review of Mechanical Engineering (IREME)

In this email, we have sent some documents related to the publication processes.

1. Copyright Transfer Agreement

2. Treatment of personal data

3. Permission request form (We did not fill this form because we did not take any extensive extract, figures, and tables
from any sources )

Please let me know if we miss the related files.
Best Regards,

Munadi
Pada Selasa, 2 April 2019 19.08.03 WIB, Editorial Staff <editorialstaff@praiseworthyprize.org> menulis:

Dear Dr. Munadi, Mr Mochammad Ariyanto:

It is my great pleasure to inform you that your paper ID 16464: "Development

of 18 DOF Salamander Robot Using CPG Based Locomotion for Straight Forward
Walk" has been accepted and will be published on the International Review

of Mechanical Engineering (IREME) after the english revision by PWP staff.

If you want to publish the paper on the current issue of the Journal,
please, accomplish the following requirements as soon as possible:

1. You should order by entering into your restricted area with your username and password at:
http://www.praiseworthyprize.org/jsm/index.php?journal=ireme&page=login,
going to the Summary section of your accepted paper.

(Please select the english editing service in the order form).

2. You should download, fill in, sign and return, by e-mail to
info@praiseworthyprize.it the following documents:

2.1 COPYRIGHT FORM at:
http://www.praiseworthyprize.org/public/documents/copyright%20Praise %20new.pdf

2.2 TREATMENT OF PERSONAL DATA at:
http://www.praiseworthyprize.org/public/documents/Treatment%200f%20Personal%20data%20 2_.pdf
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2.3 eventually the PERMISSION REQUEST FORM at:

http://www.praiseworthyprize.org/public/documents/COPYRIGHT %20PERMISSION%20PRAISE. pdf

for the reproduction of any figure, table or extensive (more than fifty
words) extract from the text of a source that is copyrighted or owned by a
party other than Praise Worthy Prize or of the Author.

Sincerely,

Dr. Ethirajan Rathakrishnan, Editor-in-Chief of International Review of
Mechanical Engineering (IREME)

erath@iitk.ac.in

Warning for print deliveries:

In case you decide to order the print copy of the journal, we point out that
the shipping will be made with the “regular mail” service, without the
possibility to monitor the delivery. In this case the delivery time will

take around two months. Otherwise, you can decide to receive it with a
“registered mail” service, that will have a cost around 35.00 euros (for

one print copy) instead of about 25.00 euros requested for the regular mail.
In case of “registered mail” service, the delivery can be monitored and

the time delivery is within 30 working days.

Summary for one print copy:

Shipping mode Cost Delivery time  Delivery monitoring

Regular mail 25.00 euros 30 working days No
Registered mail 35.00 euros 30 working days Yes

Please note that if you will not receive the copy, it will not be possible

to send it to you again for free. Anyway, in the case of lost delivery, we
will send you the proof of the shipping and the password to download the
electronic version of the issue where your paper has been published.

N.B. Please verify that all the metadata indicated in the webpage of your

submission (in the Summary section) are updated respect to the final version

of the paper you've uploaded.

Editorial Staff

Praise Worthy Prize

Publishing House
editorialstaff@praiseworthyprize.org

PRAISE WORTHY PRIZE
PUBLISHING HOUSE

Editorial Staff
editorialstaff@praiseworthyprize.com

++++++++++++++++++++++ ATTENTION ++++++++++++++++++++
This e-mail is directed uniquely to the interested party,

which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message, Praise Worthy Prize will
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claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account
holder or email subscriber.

In case the e-mail should be addressed to other than you, or the content
should reveal any transmission errors or manipulations, please contact us at
the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of
information we may hold or collect about you and how we may use that
information, please see our Privacy Policy here:
http://www.praiseworthyprize.com/privacy.htm or contact our Data Protection
Office here: privacy@praiseworthyprize.org

Treatment of Personal data _.pdf
1.8MB

copyright Praise new.pdf
3.2MB
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Regulation (EU) 2016/679
(General Data Protection Regulation)

The Praise Worthy Prize S.r.l., as Controller of the processing of your
personal data, in accordance with and for the effects of the Regulation
('European Data Protection Regulation'), hereinafter 'GDPR', herewith
informs you that the cited normative provides the protection of the
persons and of other subjects regarding the processing of the personal
data and that such processing will be inspired to the principles of
correctness, lawfulness, transparency and of protection of your privacy
and your rights. Your personal data will be dealt in accordance with the
legislative dispositions of the above-mentioned normative and the
privacy obligations provided there.

Aims of processing: in particular your personal data will be dealt for
the purposes connected to the carrying out of the following fulfiiment,
concerning legislative or contractual obligations:

e  Obligatory law's fulfiiments;

s  Dealing of the clients;

o Publication on the Review of your curriculum vitae and your photo.
The processing of the personal data useful to the accomplishment of
these obligations is necessary for a correct dealing of the relation and
their bestowal is obligatory in order to put into effect the above-
mentioned purposes. Besides the Data Controller informs that the
eventual not communication, or a wrong communication, of any of the
obligatory information, can cause the impossibility of the Data Controller
to guarantee the congruence of this processing.
Forms of the Processing: your personal data could be dealt in the
following ways:
¢  manual processing through paper documents;
o reliance of the operations of information processing to outside
parties;
e  manual processing through digital files.
Every processing is done in the respect of the forms as described in the
artt. 5, 6 and followings of the GDPR and by means of the use of the
minimal measures of emergency provided by the disciplinary technician.
Communication: your personal information will be kept in our offices
and will be transmitted exclusively to the competent subjects at the
accomplishment of the necessary services for a correct dealing of the
business relation, with a guarantee of the protection of the rights of the
interested party. In any case the communication for external use of you
personal data will be allowed only in the case that:
a) This communication is obligatory in order to assure the compliance of
the accomplishments provided by the law or other binding norms;
b) This communication is obligatory in order to assure the correct
establishment or continuation of the extant business relationship.
In particular, the data could be communicated to the following
categories of subjects: banks used for the dealing of the payments,
public authorities or administrations for the law's accomplishments,
postal and express courier offices.
Your personal information will be dealt only by the staff who has been
expressed authorized by the Data Controller and, in particular, the
following categories of subjects in charge:

* people in charge assigned to the various operative
compartments.

You should be aware that personal information that you voluntarily
disclose on your curriculum vitae (included your photo) being
accessible to other Users could be collected and disclosed by
others. Praise Worthy Prize cannot take any responsibility for such
collection and disclosure.

Data Controller: the Controller of the processing of the personal data,
according to the Law, is the Praise Worthy Prize S.r.l., Via G.
Leopardi, 130 - 80125 Napoli Italy,
administration@praiseworthyprize.com represented by its
representative pro-tempore.

Data Processor: The Processor of your personal data is Dr. Francesco
Esposito, Via G. Leopardi, 130 - 80125 Napoli Italy, email
francesco.esposito@praiseworthyprize.org.

email
legal

The data subject have the right to obtain from the Controller the: access
to, rectification of, erasure (‘right to be forgotten’) of, restriction of
processing of, data portability of, to object to processing of personal
data, as well as in a general way you can exercise all the rights
provided from the art.15 (and following 16-23) of the GDPR reported
below.

General Data Protection Regulation: Art. 15 — Right of access by the data

subject.

1. The data subject shall have the right to obtain from the controller confirmation
as to whether or not personal data concerning him or her are being
processed, and, where that is the case, access to the personal data and the
following information:

a. the purposes of the processing;

b.  the categories of personal data concerned;

c. the recipients or categories of recipient to whom the personal data
have been or will be disclosed, in particular recipients in third countries
or international organisations;

d.  where possible, the envisaged period for which the personal data will
be stored, or, if not possible, the criteria used to determine that period;

e. the existence of the right to request from the controller rectification or
erasure of personal data or restriction of processing of personal data
concerning the data subject or to object to such processing;

f. the right to lodge a complaint with a supervisory authority;
where the personal data are not collected from the data subject, any
available information as to their source;

h. the existence of automated decision-making, including profiling,
referred to in Article 22(1) and (4) and, at least in those cases,
meaningful information about the logic involved, as well as the
significance and the envisaged consequences of such processing for
the data subject.

2. Where personal data are transferred to a third country or to an international
organisation, the data subject shall have the right to be informed of the
appropriate safeguards pursuant to Article 46 relating to the transfer.

3. (1) The controller shall provide a copy of the personal data undergoing

processing. (2) For any further copies requested by the data subject, the
controller may charge a reasonable fee based on administrative costs. (3)
Where the data subject makes the request by electronic means, and unless
otherwise requested by the data subject, the information shall be provided in
a commonly used electronic form.

4. The right to obtain a copy referred to in paragraph 3 shall not adversely affect

the rights and freedoms of others.

Having read the above, | give my consent and | authorize the Processing of my Personal data for the purposes indicated in this document.

For receipt and looked over readable signature of the interested party (all Authors):

Author’s signature /(7/ %;\i
V)
[ 4
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Author’s signature

Author’s signature

Author’s signature

Author’s signature

Type or print name and title Dr. Eng. M. Munadi
Type or print name and titte Mr. Mochammad Ariyanto
Type or print name and titte Mr. Kharisma A. Pambudi
Type or print name and title Joga D. Setiawan Ph.D.

Type or print name and title
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Copyright Transfer Agreement

This Copyright Transfer Agreement is made by and between PRAISE WORTHY PRIZE S.r.l. (hereinafter, “PWP”) piazza G.D’Annunzio, 15 — 80125
Napoli, ITALY
AND

COMPLETE LIST OF AUTHORS (hereinafter, “Authors”):

1.

Last Name (Family Name) Munadi First Name M

University/Company. Diponegoro University Address
_JI. Prof Sudharto SH

City__Semarang Province/State _Central Java

Country _Indonesia Postal/Zip Code 50275

2.

Last Name (Family Name) ____Ariyanto First Name ____Mochammad

University/Company___Diponegoro University
Address __JI. Prof. Sudharto, SH

City___Semarang Province/State _Central Java
Country __Indonesia Postal/Zip Code 50275
3.
Last Name (Family Name) ___ A Pambudi First Name __Kharisma
University/Company. Diponegoro University Address
City Semarang Province/State ___Central Java Country
__Indonesia Postal/Zip Code___ 50275
4.
Last Name (Family Name) ___D. Setiawan First Name _Joga

University/Company___Diponegoro University.
Address __JI. Prof. Sudharto, SH

City___Semarang Province/State _Central Java
Country ___Indonesia Postal/Zip Code_50275
5.

Last Name (Family Name) First Name
University/Company.

Address

City Province/State
Country Postal/Zip Code

6.

Last Name (Family Name) First Name
University/Company

Address

City Province/State
Country Postal/Zip Code

TITLE OF PAPER/ARTICLE/REPORT/PRESENTATION/SPEECH (hereinafter, “Work”):

"Development of 18 DOF Salamander Robot Using CPG Based Locomotion for Straight Forward Walk"

PRAISE WORTHY PRIZE PUBLICATION TITLE (Journal, Magazine, Conference, Book):

International Review of Mechanical Engineering (1.RE.M.E.)
GENERAL TERMS

1 The undersigned represents that he/she has the power and authority to make and execute this assignment.

7.3 The undersigned agrees to indemnify and hold harmless the PWP from any damage or expense that may arise in the event of a breach of any of the warranties set forth above.

3. In the event the above Work is not accepted and published by the PWP or is withdrawn by the author(s) before acceptance by the PWP, the foregoing copyright transfer shall become nuli
4

and void and all materials embodying the Work submitted to the PWP will be destroyed.
For jointly authored Works, all joint authors should sign, or one of the authors should sign as authorized agent for the others.

A. COPYRIGHT TRANSFER

The undersigned assigns to PWP all rights under copyright that may exist in and to the Work, including but not limited to the right to publish, republish, transmit, sell, distribute and otherwise use the Work
and the material contained therein in electronic and print editions of the Journal and in derivative works throughout the world, in all languages and in all media of expression now known or later developed,
and to license or permit others to do so.

Reproduction, posting, transmission or other distribution or use of the Work or any material contained therein, in any medium as permitted hereunder, requires a citation to the Journal and an appropriate
credit to PWP, suitable in form and content as follows: (Title of Article, Author, Journal Title, Volume/Issue Copyright [year] Praise Worthy Prize or copyright holder as specified in the journal.)

B. RETAINED RIGHTS
Praise Worthy Prize grants back to the Author or, if applicable, the Author's Employer, the following:
1. All proprietary rights other than copyright, such as patent rights, in any process, procedure or article of manufacture described in the Work, and the right to make oral presentations of
material from the Work;
2 the right to share with colleagues print or electronic “preprints” of the unpublished Work, in form and content as accepted by PWP for publication in the Journal. Such preprints may be for
personal or professional use, but not for commercial sale or for any systematic external distribution by a third party (eg: a list server or database connected to a public access server).
3. Prior to publication, the Author must include the following notice on the preprint: “This is a preprint of an article accepted for publication in [Journal Title] Copyright (year) (copyright owner as
specified in the journal)”. After publication of the Work by PWP, the preprint notice should be amended to read as follows: “This is a preprint of an article published in [include the complete
citation information for the final version of the Work as published in the print edition of the Journal]”. The Author agrees not to update the preprint or replace it with the published version of

the Work.

4. The right, without charge, to photocopy or to transmit on-line or to download, print out and distribute to a colleague a copy of the published Work in whole or in part, for the Author’s personal
or professional use, for the ad\ 1t of scholarly or scientific research or study, or for corporate informational purposes in accordance with paragraph C2 below.

5. The right to republish, without charge, in print format, all or part of the ial from the published Work in a book written or edited by the Author.

6. The right to use selected figures and tables, and selected text (up to 250 words) from the Work, for the Author’s own teaching purposes, or for incorporation within another work by the
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Author that is made part of an edited work published (in print or electronic format) by a third party, or for presentation in electronic format on an internal computer network or external website
of the Author or the Author’s employer. The abstract shall not be included as part of such selected text.

; The right to include the Work in a compilation for classroom use (course packs) to be distributed to students at the Author’s institution free of charge or to be stored in electronic format in
data rooms for access by students at the Author’s institution as part of their course work (sometimes called “electronic reserve rooms”) and for in-house training programmes at the Author's
employer.

C. WORKS OWNED BY EMPLOYER

1 If the Work was written by the Author in the course of the Author’s employment (as a “work-made-for-hire” in the course of employment), the Work is owned by the company/employer which
must sign this Agreement (in addition to the Author’s signature), in the space provided below. In such case, the company/employer hereby assigns to PWP all copyright in and to the Work
throughout the world as specified in paragraph A above.

2 In addition to the rights specified as retained in paragraph B above and the rights granted back to the Author pursuant to paragraph B above, PWP hereby grants back, without charge, to
such pany/employer, its subsidiaries and divisions, the right to make copies of and distribute the published Work internally in print format or electronically on the Company's internal
network. Upon payment of the Publisher's reprint fee, the institution may distribute (but not re-sell) print copies of the published Work externally. Although copies so made shall not be
available for individual re-sale, they may be included by the company/employer as part of an information package included with software or other products offered for sale or license. Posting
of the published Work by the institution on a public access website may only be done with PWP’s written permission, and payment of any applicable fee(s).

D. GOVERNMENT CONTRACTS
In the case of a Work prepared under US Government contract or grant, the US Government may reproduce, without charge, all or portions of the Work and may authorise others to do so, for official US
Government purposes only, if the US Government contract or grant so requires. (Government Employees: see note at end.)

E. COPYRIGHT NOTICE
The Author and the company/employer agree that any and all copies of the Work or any part thereof distributed or posted by them in print or electronic format as permitted herein will include the notice of
copyright as stipulated in the Journal and a full citation to the Journal as published by PWP.

F. AUTHORS RESPONSABILITIES

i The Author represents that the Work is the Author’s original work. If the Work was prepared jointly, the Author agrees to inform the co-Authors of the terms of this Agreement and to obtain
their signature(s) to this Agreement or their written permission to sign on their behalf.

2. The Work is submitted only to this Journal and has not been published before, except for “preprints” as permitted above. (If excerpts from copyrighted works owned by third parties are
included, the Author will obtain written permission from the copyright owners for all uses as set forth in PWP’s permissions form or in the Journal’s Instructions for Authors, and show credit to
the sources in the Work).

< The Author also warrants that the Work contains no libellous or unlawful statements, does not infringe on the right or privacy of others, or contain material or instructions that might cause
harm or injury.

4. The Authors agree to defend, indemnify, and hold harmless PWP, its officers, directors, employers, agents, and any of its affiliates for any loss or damage (including legal fees) caused to
PWP for the publication of the submitted article.

Tick one box and fill in the appropriate section before returning the original signed copy to the Publisher

Author-owned work

Author’s signature ( Date _April 3th, 2019

i

Type or print name and title _Dr. Eng. M. Munadi

Author’s signature Date __ April 3th, 2019

Type or print name and title Mr. Mochammad Ariyanto

Author’s signature __7% Date __ April 3th, 2019

Type or print name and title Mr. _Kharisma A. Pambudi
Author’s signature W Date __April 3th, 2019

Type or print name and title _Joga D. Setiawan, Ph.D.

Author’s signature Date

Type or print name and title

Attach additional signature page as necessary

Company/Institution-owned work (made-for-hire in the course of employment)

Author’s signature Date

Type or print name and title

Company or Institution
(Employer-for Hire)

Authorised signature of Employer Date

Type or print name and title

Note:

- US Government work
A Contribution prepared by a US federal government employee as part of the employee’s official duties, or which is an official US Government publication is called a “US Government work”, and is in
the public domain in the United States. In such case, the employee may cross out paragraph A1 but must sign and return this Agreement. If the Contribution was not prepared as part of the
employee’s duties or is not an official US Government publication, it is not a US Government work.

- UK Government work (Crown Copyright)
The rights in a Contribution by an employee of a UK Government department, agency or other Crown body as part of hisher official duties, or which is an official government publication, belong to
the Crown. In such case, the Publisher will forward the relevant form to the Employee for signature.
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Re: [IREME] Editor Decision

Dari: Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com>
Kepada: Munadi<muna_096@yahoo.co.id>

Terkirim: Rabu, 10 April 2019 21.03.34 GMT+9

Judul: Re: [IREME] Editor Decision

Dear Dr. Munadi

thank you for your e-mail.

| confirm you that | received all the needed and your paper has been included in the

current issue of IREME (January 2019).

As soon as the issue will be ready you will receive the product you purchased.

Furthermore, we wish to inform you that we have recently activated the English Editing Service for articles that are not
going to be published on our Journals: if you (or one of your colleagues) have one or more scientific articles that you
wish to submit to other Journals (not PWP) and you would like to submit it in a proper English, you can ask to use the
same service that you have just received, for a different price. For more information, you can ask us by email.

Best Regards

Angela Tafuro
Head of the Editorial Staff

PRAISE WORTHY PRIZE S.r.l.
PUBLISHING HOUSE
Editorial Staff

editorialstaff@praiseworthyprize.com

++++++++++++++H+H+H+H+H+H+H++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party, which is the exclusive addressee of any information contained
herein. For any abuse about the content of this message, Praise Worthy Prize will claim compensation for damages
occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account holder or email subscriber. In case the e-
mail should be addressed to other than you, or the content should reveal any transmission errors or manipulations,
please contact us at the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of information we may hold or collect about you
and how we may use that information, please see ourPrivacy Policy, or contact our Data Protection Office here:
privacy@praiseworthyprize.org
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[l giorno mer 10 apr 2019 alle ore 13:06 Munadi <muna_096@yahoo.com> ha scritto:

Dear Dr. Angela Tafuro
Head of the Editorial Staff

| am sorry for the late response.

In order to verify the effectivity of the developed CPG based locomotion model in virtual reality
simulation as presented in section V.1

This phrase is not clear. Maybe something is missing. Please try to rephrase it.

Please, correct it with:

In order to verify the effectivity of the developed CPG based locomotion model in virtual reality
simulation as presented in section V.1, the CPG model was verified by using embedded CPG in
a real salamander-like robot.

Thank for your feedback.

Best regards,
Munadi

Pada Senin, 8 April 2019 21.36.59 WIB, Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com> menulis:

Dear Dr. Munadi,

please find in attachment the edited version of your paper with english corrections made.

In yellow you will find all the changes made by our staff while in red there are the parts requiring a correction by your
side.

Please have a look and send us the revised version according to these corrections within two days, so the paper can
be published on IREME.

Thanks in advance for the cooperation.

Best Regards

Angela Tafuro
Head of the Editorial Staff
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PUBLISHING HOUSE
Editorial Staff
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This e-mail is directed uniquely to the interested party, which is the exclusive addressee of any information contained
herein. For any abuse about the content of this message, Praise Worthy Prize will claim compensation for damages
occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account holder or email subscriber. In case the
e-mail should be addressed to other than you, or the content should reveal any transmission errors or manipulations,
please contact us at the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of information we may hold or collect about you
and how we may use that information, please see our Privacy Policy, or contact our Data Protection Office here:
privacy@praiseworthyprize.org

[l giorno lun 8 apr 2019 alle ore 10:16 Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com> ha scritto:

Dear Dr. Munadi

thank you for your e-mail.

| confirm you that the procedure for the publication has been completed.

I've forwarded your paper to our technical staff for the english editing.

In the next days you will be contacted to check and correct the final version of the paper.
Thanks in advance for the cooperation

Best Regards

Angela Tafuro
Head of the Editorial Staff

PRAISE WORTHY PRIZE S.r.l.
PUBLISHING HOUSE
Editorial Staff

editorialstaff@praiseworthyprize.com

++++++++++++++++++++++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party, which is the exclusive addressee of any information
contained herein. For any abuse about the content of this message, Praise Worthy Prize will claim compensation
for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account holder or email subscriber. In case
the e-mail should be addressed to other than you, or the content should reveal any transmission errors or
manipulations, please contact us at the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of information we may hold or collect about you
and how we may use that information, please see our Privacy Policy, or contact our Data Protection Office here:
privacy@praiseworthyprize.org
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Il giorno ven 5 apr 2019 alle ore 13:41 Munadi <muna_096@yahoo.com> ha scritto:
Dear Dr. Angela Tafuro
Head of the Editorial Staff

In this email, we attache the documents in the correct requested format.

All four signatures of each author were done by hand.

Please find the document in the attachment.

1. Treatment of personal data

2. Copyright Transfer Agreement

Please let me know if | miss the documents regarding the publication process.

Best regards,
Munadi

Pada Kamis, 4 April 2019 22.38.16 WIB, Praise Worthy Prize Editorial Staff <praiseworthyprize@gmail.com>
menulis:

Dear Dr. Munadi,

thank you for your e-mail

| regret to inform you that these documents are not acceptable.

In all the documents the signatures of each author should be done by hand

( we cannot accept any kind of digital signatures as well as signatures pasted by other documents).
Please be so kind to send me the documents in the correct requested format.

Best Regards

Angela Tafuro
Head of the Editorial Staff
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PRAISE WORTHY PRIZE S.r.l.
PUBLISHING HOUSE
Editorial Staff

editorialstaff@praiseworthyprize.com

++++++++++++++++++H+H+++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party, which is the exclusive addressee of any information
contained herein. For any abuse about the content of this message, Praise Worthy Prize will claim compensation
for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account holder or email subscriber. In case
the e-mail should be addressed to other than you, or the content should reveal any transmission errors or
manipulations, please contact us at the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of information we may hold or collect about
you and how we may use that information, please see our Privacy Policy, or contact our Data Protection Office
here: privacy@praiseworthyprize.org
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Il giorno gio 4 apr 2019 alle ore 14:34 Munadi <muna_096@yahoo.com> ha scritto:
Dear Dr. Ethirajan Rathakrishnan,
Editor-in-Chief of International Review of Mechanical Engineering (IREME)

In this email, we have sent some documents related to the publication processes.

1. Copyright Transfer Agreement

2. Treatment of personal data

3. Permission request form (We did not fill this form because we did not take any extensive extract, figures, and
tables from any sources )

Please let me know if we miss the related files.
Best Regards,

Munadi
Pada Selasa, 2 April 2019 19.08.03 WIB, Editorial Staff <editorialstaff@praiseworthyprize.org> menulis:

Dear Dr. Munadi, Mr Mochammad Ariyanto:

It is my great pleasure to inform you that your paper ID 16464: "Development

of 18 DOF Salamander Robot Using CPG Based Locomotion for Straight Forward
Walk" has been accepted and will be published on the International Review

of Mechanical Engineering (IREME) after the english revision by PWP staff.

If you want to publish the paper on the current issue of the Journal,
please, accomplish the following requirements as soon as possible:

1. You should order by entering into your restricted area with your username and password at:
http://www.praiseworthyprize.org/jsm/index.php?journal=ireme&page=login,
going to the Summary section of your accepted paper.

(Please select the english editing service in the order form).

2. You should download, fill in, sign and return, by e-mail to
info@praiseworthyprize.it the following documents:

2.1 COPYRIGHT FORM at:
http://www.praiseworthyprize.org/public/documents/copyright%20Praise %20new.pdf

2.2 TREATMENT OF PERSONAL DATA at:
http://www.praiseworthyprize.org/public/documents/Treatment%200f%20Personal%20data%20 2 _.pdf

2.3 eventually the PERMISSION REQUEST FORM at:
http://www.praiseworthyprize.org/public/documents/ COPYRIGHT %20PERMISSION%20PRAISE.pdf

for the reproduction of any figure, table or extensive (more than fifty
words) extract from the text of a source that is copyrighted or owned by a
party other than Praise Worthy Prize or of the Author.

Sincerely,

Dr. Ethirajan Rathakrishnan, Editor-in-Chief of International Review of
Mechanical Engineering (IREME)

erath@iitk.ac.in
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Yahoo Mail - Re: [IREME] Editor Decision

Warning for print deliveries:

In case you decide to order the print copy of the journal, we point out that
the shipping will be made with the “regular mail” service, without the
possibility to monitor the delivery. In this case the delivery time will

take around two months. Otherwise, you can decide to receive it with a
“registered mail” service, that will have a cost around 35.00 euros (for

one print copy) instead of about 25.00 euros requested for the regular mail.
In case of “registered mail” service, the delivery can be monitored and

the time delivery is within 30 working days.

Summary for one print copy:

Shipping mode Cost Delivery time Delivery monitoring

Regular mail 25.00 euros 30 working days No
Registered mail 35.00 euros 30 working days Yes

Please note that if you will not receive the copy, it will not be possible

to send it to you again for free. Anyway, in the case of lost delivery, we
will send you the proof of the shipping and the password to download the
electronic version of the issue where your paper has been published.

N.B. Please verify that all the metadata indicated in the webpage of your
submission (in the Summary section) are updated respect to the final version
of the paper you've uploaded.

Editorial Staff

Praise Worthy Prize

Publishing House
editorialstaff@praiseworthyprize.org

PRAISE WORTHY PRIZE
PUBLISHING HOUSE

Editorial Staff
editorialstaff@praiseworthyprize.com

+++++++++++++++H+H+H+H+H+H++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party,

which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message, Praise Worthy Prize will
claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account
holder or email subscriber.

In case the e-mail should be addressed to other than you, or the content
should reveal any transmission errors or manipulations, please contact us at
the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of
information we may hold or collect about you and how we may use that
information, please see our Privacy Policy here:
http://www.praiseworthyprize.com/privacy.htm or contact our Data Protection
Office here: privacy@praiseworthyprize.org
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[IREME] Post-publication services for authors

Dari: Editorial Staff (editorialstaff@praiseworthyprize.org)
Kepada: muna_096@yahoo.com; ari_janto5@yahoo.co.id

Tanggal: Rabu, 8 Mei 2019 14.11 WIB

Dear Dr. Munadi, Mr Mochammad Ariyanto,

We are glad to congratulate with you and your colleagues for the publication

of the article ID 16464: "Development of 18 DOF Salamander Robot Using CPG
Based Locomotion for Straight Forward Walk" in our journal International
Review of Mechanical Engineering (IREME).

In the next days you will receive the purchased copy of the full issue where
your paper has been published.

Moreover, we can offer you the following post-publication services:

- Digital Certificate of Acceptance (that will be sent by e-mail)
You should order and pay for this service at the following link:

http://www.praiseworthyprize.it/orderforms/orderform/?journal=ireme&id_paper=16464&tp=acc_certificate&ds=&extra=0

- Digital Certificate of Publication (that will be sent by e-mail)
You should order and pay for this service at the following link:

http://www.praiseworthyprize.it/orderforms/orderform/?journal=ireme&id_paper=16464&tp=certificate&ds=&extra=0

- Digital Certificate of Indexing (that will be sent by e-mail)
You should order and pay for this service at the following link:

http://www.praiseworthyprize.it/orderforms/orderform/?journal=ireme&id paper=16464&tp=ind_certificate&ds=&extra=0

- Additional printed copies of this journal issue:
You should order and pay for this service at the following link:

http://www.praiseworthyprize.it/orderforms/orderform/?journal=ireme&issue=Vol%2013%2C%20N0%201%20%282019%29&tp=i reader

- Professional reprints of your article:
You can find more info at the following link:

http://www.praiseworthyprize.org/jsm/index.php?journal=ireme&page=information&op=authors#Professional_reprints_of your_articles

Editorial Staff

Praise Worthy Prize

Publishing House
editorialstaff@praiseworthyprize.org

PRAISE WORTHY PRIZE
PUBLISHING HOUSE

Editorial Staff
editorialstaff@praiseworthyprize.com

++++++++++++++++++++++ ATTENTION ++++++++++++++++++++

This e-mail is directed uniquely to the interested party,

which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message, Praise Worthy Prize will
claim compensation for damages occurred to third parties as well.

You are receiving this email because you are a Praise Worthy Prize's account
holder or email subscriber.

In case the e-mail should be addressed to other than you, or the content
should reveal any transmission errors or manipulations, please contact us at
the following address: info@praiseworthyprize.com

Praise Worthy Prize respects your right to privacy. To see the types of
information we may hold or collect about you and how we may use that
information, please see our Privacy Policy here:
http://www.praiseworthyprize.com/privacy.htm or contact our Data Protection
Office here: privacy@praiseworthyprize.org
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