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Abstract

Six legged robot, or hexapod, is a kind of legged robots with static stability. The robot has many variants
of leg movements. This should be taken into consideration by the robor designer. The research is to adopt a leg
movement algorithm named inverse kinematics. Inverse kinematics is used to find each leg thgle required io
produce ceriain position of the end-effector. The experiments show that pulse width input can move the robot
faster than that with end-effector displacement distance input. However, the distance input is more flexible due
1o its simplicity such that the user can input the desired end-effector displacement distance without relying on
the pre-determined distances. The inverse kinematics algorithm has been developed, although it is not able to

avoid or circumvent the barriers.
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I INTRODUCTION

Robot 1s tools that can be programmed or re-
procrammed and has a mechanical manipulator or
actuator in the form of components or tools specific
10 the various programs that are casily adjustable to
carry out various tasks. A tool can be categorized as

a robot if the device has a minimum of 4 degrees of

freedom (DOF). Robot mechanism consists of a
rigid body system connected by joints. The position
and onentation of the robot in space is called the
pose. Robot kinematics descrnibed by pose. velocity.
acceleration, and derived from the robol body pose
motion generating mechanism (Siciliano 2008).

Based on the stability, the stability of legged
robots can be divided into two categories, dynamic
and static stability. Legged robot which includes the
dynamic stability is a robot with an emphasis that
does not affect the stability of the robot when it
moves. In general, this type of robot has one to four
legs. Legged robot which includes the static stability
is a robot that the center of gravity remains stable
when moving. This type of robots have at least 4
legs (Thirion and Thiry 2002), like the hexapod and
the octopod.

Hexapod robot has variants of movements.
With that amount of legs, resulting in the
complexity of leg movements, the robot needs a
Corresponding algorithms that can make hexapod
move according to environmental conditions at the
time (Thirion and Thiry 2002) .
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The form of hexapod legs is included to open
chain kinematics. Open chain kinematics is when
the end- effector of the leg / arm robot 1s not
connected back to the base of the leg joints. Robot
mechanism can be calculated by forward kinematics
if joint variables and velocity values are known. The
position and orientation of the end - effector based
on base frame s given by evaluaung the
transformation matrix consisting of the rotation
matrix and translation matrix. Inverse kinematics is
a joint decision variable based on the position and
orientation of the end - effector (Lewis et al. 2003).
Coordinating robot motion can be used with inverse
kinematics.

II. METHODS

* Study literature

This stage is used to study the datasheet of the
components and algorithm that will be used

* Preparation of equipment and materials

The components needed to assemble a six-legged
robot is 12 servo HS645MG , 6 HS225B" servo,
Arduino Uno microcontroller, SPC servo controller ,
and frame the robot MSRO1.

* Development of the robot structure

Development step of the robot structure consist of
coupling tools and matenals and data retrieval robot
workspace.

* Development of robot movement algorithm

This phase includes the development of data
analysis and artificial intelligence workspace. Data
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workspace have been obtained from the previous
step will be analyzed in order to produce the

expected position of the leg tip.
« Implementation of the robot

At this step, the algonthms that have

been

developed will be implemented on a six-legged

robot.
» Testing and repair system

Testing step 1s used to check the funcuonality and
specifications of a six-legged robot that has been
fited with aruficial intelligence. If the desired
function and specification has not been reached.

there will be improvements
« Evaluation of the system

At this step, flaws and successes that have been

achieved will be evaluated
111. RESULTS AND DISCUSSION
/ Preparation tools and materials
Matenals used in this study include
* Frame of six-legged robot
+ 12 pieces servo HS645MG
* 6 pieces servo HS225BB
+ 1 piece SPC Servo controller
* | piece Arduino Uno microcontroller
* 9V Battery

+ 7.4V 2200mAh LiPo Battery + 5.1V Regulator

The software used was
using C language.
Development of robot structure

1.03 and Arduino

Fach leg of the six-legged robot consists of 3
pieces servo is 2 pieces Servo HS 645MG and |
servo HS 225BB. Servo position at the leg chain can
be secn in Figure 2. HS 645MG servo and servo HS
225BB have room for 180 degree movement by
changing the pulse width. 1500 microseconds pulse
width gives 90 degrees servo position. pulse width
600 microseconds provide servo position 0 degrees,

and 2400 microseconds pulse width gives

180

degrees servo position. Servo HS 225BB only used
for swinging the leg forward and back. so it does not
require a large operating power. In order to lifting
weight, the robot required considerable strength to
support the weight of the robot using servo HS
645MG. Robot coupling results can be seen in

Figure 3.
Development of robot movement algorithm

Inverse kinematics is used to obtain the value
of angle at each joint (B1, ©2, and ©3) based on the
position information x, y, and z are given. Inverse

kinematics is obtained by using the method of

geometry.
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Based on Figure 4, the Ol angle can be

calculated as follows:

2ol
8. =tan’'(-)
Y

{1
L)

To calculate the angle 62 and 63 required the help
of comer angles Al, A2 and A3 as shown in Figure

5. Angle Al, A2, and A3 can be calculated as
follows:

1)
A = tan’! -
1 ZofSe
A: . s'] {ay=- L7 a4+
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L -a;-a;
As = cost——=
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(2)
3)
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Z offset is the distance from the iloor to the lower

limit of the robot body. At the time of z
Z_offset
Z_offset
equation:
Z_offset= 78 - z (5)

can be expressed by the

=0'

is 78 mm. For the other z positions,
following

L is the length of the robot leg with the equation:

L= /(u-panjangcoxa)-=)-

(3)
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with u is the distance from base to coordinate end-
effector and y is the position of the end-effector on
the y axis.

- Angle ©2 and ©3 in Figure 5 can be
expressed as follows:

8:=90- (4, +4;) (6)
B_:=90'.{_: (7)

Angle calculation is different from the

servo angle. On the servo, angle starts from 0 to 180
degrees, while the angle geometry calculations
starting from -90 1o 90 degrees. To normalize the
leg, the <etal_degree | 1s subtracted by 54.85. This
value is obtained from the calculation of the inverse
kinematics angle position when the leg 1s in a stable
position at 90 degrees. Normalization was also
performed on teta3_degree_| by a subtraction of
41.33, so the value of joint angle on each leg is at 90
degrees.
“Implementation of the algorithm on Robot

Using inverse kinematics algonithm that has
been developed is implemented on a six -legged
robot that has the dimension limits as can be seen in
Table 1. These limits are used to see the robot
workspace.

Table 7 Workspace of robot

Bl link I'cnglh Min Max
(mm) angle angle
1 Coxa 15 -90° 90"
2 Femur R0 -90” 90°
3 Tibia 130 0" 90°
- e
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Figure 5 Robot Connections

Implementation of the system was performed
as in Figure 5. Microcontroller will receive the input
of motion commands (left, right, forward, and
backward). Microcontroller connected to the servo
controller using 12C connection. SDA port (Pin A4)
and SCL port (Pin AS5) on the microcontroller will
be connected with SDA port and SCL port on SPC
servo controller.

Table 8 Comparison of computational time of
algorithm

Time needed each

Dista Rotar step
Movemen |sc e y _~ Usin pr—
ttype - angle g .= A .
(mm) by kinematic
- ) band £
width il
Forward 130 0 205 4.29
Backward 50 0 223 430
Left 0 45 342 5.44
Right 0 45 3.28 5.42

Movement phase from a six-legged robot
consists of four poses are cyclical which are power,
lift, swing, and contact. Power pose is when the !g
position just above the surface and stable. Lift pose
is when part of the femur and tibia joint rotates
counter-clockwise so that leg lifts along the z axis.
Swing pose is when coxa servo rotates along the
spin axis z. Contact pose is when the leg retums
from above until z axis is 0. These phases will
continue to repeat so that the robot will move.

To move forward, 3 hexapod legs will move
forward while the other legs stand stll. After the
movement of 3 legs has completed. the other 3 legs
move the same way. This movement pattern is
called a tripod gait.

Implementation of the algorithm is done in two
ways:

1. With the input of the PWM pulse width value,
using the result of the previous calculation of
inverse kinematics.

2. With the input of the distance moved by the
desired end-effector and included in the calculation
of inverse kinematics algorithm.

Evaluation of the system

Table 2 shows that the computing time of the
first algorithm is faster than the second algorithm.
This occurs because of time calculation of inverse
kinematics on the second algorithm. However, the
second algorithm is more flexible because users can
define their own end-effector displacement distance
desired without relying on a pre-determined
distance.

Overall, it can be seen that the developed
inverse kinematics algorithm has been successfully
implemented on a hexapod. This algorithm has fast
enough computing time, especially when
implemented by directly entering the pulse width
value of inverse kinematics caiculations. However,
this algorithm is not able to adjust with the barrier.
In other words, the movement of the robot legs will
remain the same even though there is a hitch. FFSA
algonithm developed by Reyneri (1997) can be
implemented to overcome these shortcomings.
However, since the calculation is more complex, the
implementation of this algorithm would require a
longer computation time.

%
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1V. CONCLUSION

Calculation algorithm using inverse kinematics
have been developed and implemented on a
hexapod. Implementation of the algorithm with the
input of the pulse width values have been calculated
previously has faster time computation than the

implementation of the algorithm with the input of

end-effector displacement distance. However, the

second algonthm is more flexible since the users

can define therr own end-effector displacement
distance desired without relying on a pre-determined
distance.
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