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ABSTRACT

In designing a walking robot, a power supply issugst be considered which is the required power to
generate movement of the joint using a servomatadrthe required of a suitable algorithm to enahke t
robot to move. In addition, the use of suitableides to allow users to move the robot also shoead b
considered. The objectives of this study is to tgvehe walking robot using minimum number of
servomotor. The minimum number of servomotor allate walking robot to minimize the power
consumption while construct a program that can peedcoordination of multi-degree of freedom for the
movement of the robot. The project also tried t® BS2 joystick to allow users to control the rdioowvard

or backwards and turn the robot to the left or tigthe parameters studied include determinatiothef
minimum voltage amount required to sustain the énrof the output which are servomotors used. Bsside
that, servomotor rotation angle at each joint ieorto move the robot's feet and the use “USARBtquol

to allow the microcontroller to communicate withP&2 joystick driver circuit. It is found that four
servomotors are sufficient to produce the basidkinwglrobot and two voltage regulators are needed to
control the load where one voltage regulator capabkupplying enough current to drive two servamst
for each leg.
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1. INTRODUCTION However, the study of legged robot can offer
significant benefits, especially if remaining
Robot has the ability to perform repetitive,obstacles can be overcome.

boring and dangerous_ta_sks. M_any large and fixed The Biped Research is a study with the ultimate
robots had been used in industries to replace human : )
. : m of producing a biped robot that can succesfully

workers to increase production and so on. Robdt . )
. navigate around human environment. There are
that can move freely is needed to enable : .
many studies related to complex biped robot that

multitasking when navigating the working area.urses a large amount of servomotor [1], modern

Some problem faces by mobile robot are POWEl|gorithms to produce movement [2,3] and abilit
supply and control system must be with the robo ngonthms 1o prof B y
Mobile robot reliable path planning also required t 0 act inteligently in accordance with environménta

enables the robot to move and become a mafCTTEE L L€ O T TEY, SEURTER
challenge in this field of study. Additionally, hiam P

movement like robot is needed to enable the rob(r)qlmIC the mo“or? of hgman _Ieg. However, power
: : supply consumption will be inceased to move the
to works in the human environment. Therefore,

legged robots should be used instead é?ints of the robot's leg. Minimal amount of
. ervomotor needed to develop a small biped robot
conventional wheeled robot. Legged robot shoul

. . . or the purpose of introducing one type of mobile
be able to change form while navigate like humap bot. In addition, the biped robot under this stud

escort the body to go through small area. Leggq oes not have the ability to act intelligently swash

robot is usually less efficient in electricitywalk or run to avoid the danger according to the
consumption compared to wheeled robots. 9 9
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needs because the biped robot only have simpleLess study was done related with odd legged
walking sequence when there are signal from th®bot movement compare to even legged robot due
user to move forward, backward, right or left. Theo several factors. Even legged robot movement is
objective of this study is to determine the leastasier to develop by observing the movement of
number of servomotor to allow the robot walks tdnsects while there are no sample can be used for
minimize the power consumption. Simpleodd legged robots development. Insect movement
programming will be develop that can producean be used as a model for legged robots since
coordination of multi — degree of freedom for thénsect movement can be concluded will produce
movement of the robot. The program also enablery stable gait. Insect movement cannot be
the microcontroller used to communicate with PS2quated with odd legged robot because there are no
joystick which allows users to control the robotnsect which move stable with odd legs [5]. Related
forward or backward and turn the robot to the lefstudies about hexapod robot gait had been
or right. Parameters of the study divided into ¢hrediscussed  through  biological  observation.
main sections. Firstly, the physical design of th®eference [6] explains that the hexapod robot still
robot legs that allow the robot to move forwardcan move even though one leg does not function
backward, right or left. Robot walks with simplebecause the balance of the robot can still be
movement which achieved by simple programmingraintained due to static stability. However, to
based on tuning the angle of each servomotonaximize the static stability, the study for fivegk
manually for robot direction without using anygait is required. They introduce method for five
sensors and modern controller algorithm. Fouegged robot to consider a case when one of the
servomotors used where two servomotors for eadtexapod robot leg malfunction. To maintain
leg to minimize the power consumption. PSatability during movement, hexapod robot
joystick is used to transmit wireless signals te thconfiguration change into the pentagonal shape is
microcontroller using USART protocol. proposed in the study.

This paper describes the developments taken inNowadays, studies had been carried out for five
implementing a reliable hardware base. This sectidagged robot are not only based on the hexapod
presents the motivation behind building bipedobot with one leg malfunction but also from nature
robots, reviews the history of the biped projea] a based such as idea from starfish [7]. Reference [8]
explains the specific aims of this research. Sacio focused Brittle Star to develop flexible myriapod
then reviews some of the current ideas andbot. They develop a five legged robot that can
techniques used in designing and constructing bipedove forward. In addition, the synchronized
robots. Section 3 describes the development of timeotion is also very important for multi-leg robots.
hardware platform and highlights the softwaréThis study proposes synchronous movement
developments, covering the topics of mechanicahethod that utilized the idea of autonomous
design, controller circuit including power supplydistributed systems. There are also other studies
issue, USART protocol and software designthat discuss the methods used to develop a multi-
Section 4 examines the results obtained from tHeg robot such as Reinforcement Learning of
research. Section 5 provides a review of the task¥alking Behavior [9] for a four legged robot and
completed and offers suggestions to possible futuigistributed Reinforcement Learning [10] for a
work. hexapod robot to walk. Most of the proposed

methods use the degree of freedom tuning as the
2. RELATED WORK main parameter for robot to move.

There are different types of mobile robots which Bipedal robot opens a new field in research
can be divided into several categories consists oélated to mobile robot. However, bipedal robot is
wheeled robot, crawling robot and legged robotusually more complex in design where the biped
Legged type robot is a robot with its own advantagembot has many degrees of freedom (DOF) to
over other types of mobile robot where leggedievelop a robot that resembles the human legs. A
robot can be used in variety environments. Leggddt of motors are required to enable the robot to
robot has jointed configuration that consists ofnove like humans causing the robot's weight
some degree of freedom. So that it is difficult tdncreases, higher costs and more complex control
develop legged robots that can be used for préacticeircuit. Biggest challenge in developing two —
applications. Legged robot can be divided intdegged robot is to enable it to move like human
biped robot and multi-leg robot which is oddwalking. Since 1980, several studies have been
number of legs or even number of legs robots. initiated with a focus on bipedal robot. Reference
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[11] focuses on the passive dynamic walking tc ?A
enable a biped robot on level ground to walk g
efficiently with simple mechanism. They propose ﬁ
the level-ground walking by controls the robot tors 6, Ealo ¥ 0,
during the leg swinging process. Leg swinging i< -
controlled depending on the current robot stance
This study also analyses the stability of the bipe: o0 R B
robot to demonstrate the effectiveness of the 6; 6,

proposed method. A study from [12] addresses the

problem of energy-optimal gait generation for Figure 1: (L) Sumo Wrestler (R) Robot Mechanical
biped robots. They study a complete gait cycle Model

comprising single support, double support and thg
transition phase. The energy optimal gaits for eac
phases is compared to normal human gait. A stud
about feedback controller for asymptotically
stability was done by [13]. Several strategies ha
been explored to achieve the stability which are
imposing a stability condition during the searctaof

periodic gait by optimization, uses an event-base__¢
controller to modify the eigenvalues of thef
(linearized) Poincare map and the effect of outp
selection on the zero dynamics. There are pap
about optimization of dynamic gait for small
bipedal robots [14] which discusses the parameters Figure 2: Robot Fabricated Model
that effect dynamic gait and how these effects will

be implemented in a servo skeleton robot.

Top
Servomotors

Bottom
Servomotors

. . . B. Actuators
Most of this studies use more than six

servomotors to develop walking robot. Actual studyrhe actuators used in the biped robot were
is now taking place on the biped robot with smallefccordance with the standard size servomotors
number of servomotors to achieve the stategupplied by Cytron Technologies as shown in

objectives. Figure 3. This servomotor comes in a standard size
with operating voltage between 4.8 — 7.0 VDC. The
3. SYSTEM DESIGN speed is between 0.17 to 0.22 s/60° and the torque
) , is between 19 to 13 Kg.cm. The servomotor using
A. Mechanical Design TTL PWM signal to control the angle. With 50 Hz

Walking is the main task to be performed by thi®perating frequency, 0.582 ms PWM signal
robot. After getting the signal from the user, thédroduces minimum angle while 2.5 ms signal gives
robot will walk forward, backward, left or rightnl Maximum angle at the servomotor.
other words, developed robot leg design should
have features that enable the robot walk in four
directions without falling. The design used in the
robot leg is generated based on the concept of sumo
wrestlers and the mechanical model of the robot
consists of four servomotors as shown in Figure 1.

To move the robot, four servomotors will rotate
independently to different angle where each leg has
two DOF as shown in Figure 2. To enable the robot
walk, one servomotor at the bottom will rotate so
that the robot will be stiff a little. Then, bot the
servomotors at the top will rotate simultaneougly a
a certain angle to move the robot body.
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Figure 5: Wired PS2 Joystick
Figure 3: Cytron C36R Servomotor
E. Software Framework
C. Microcontroller A brief overview of the software function and the

system architecture is shown in Figure 6 to clarify
the cyclic phase rotation for robot movement. From

the flowchart, the calling sequence and the
u3
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relationship between the functions are visualized.
The flowchart for forward movement started with
initializes the register involved in reading the2PS

joystick buttons and controls the rotation of the
servomotors. Then, the servomotors will be
calibrated to the initialize angle so that the iobo

will stand upright. If the UP button is pressed; th
robot will start to move forward until the UP buito

is released. After the forward movement is
completed, the robot return to the stand upright
position and ready to move in other directions if
there are signal received from the user. TIMER1,
TIMER2 and INTERUPT functions had been used
The PIC16F628A circuit used to control the roboto control the angle of servomotors using PWM
operation. Information from the button of the PS&ignal. The PWM signal will be send to four pins
joystick will be processed by the microcontroller t which connected to servomotors depend on desired
determine whether the robot will move forward,angle. To enable robot walk for a single step, ten
back, right or left as shown in Figure 4. TwoPWM values will be set in sequence. The following
sources used to supply the control circuit and foyssuedocode is a sample to set the pulse value to
servomotors (not shown). For the load, twaeach pin.

LM7805 IC regulator is used where one regulator . L
only can support two servomotors. Using three or if(skps(p_up)==0)
more servomotors causes no rotation will be
produced.

Figure 4: PIC16F628A Control Circuit

/l Move Forward Q)

for(i=0;i<7;i++) [Istep F1

{

D. PS2 Joystick timerinit ();

/la = above left, b = above right
/lc = below left, d = below right
a=15; b =15; c = 15; d =10;

PS2 joystick will be used to control four
servomotor walking robot through SKPS driver as
shown in Figure 5. There are 16 buttons that can be }
used as input button to send signal to )
microcontroller. Beside that, there are two motors ?Oerl(aly}%mls<(170I)+ 1 //step E2
in the PS2 joystick that could be used as the alarm e ' P
or indicator for the user. Nevertheless, only four {

buttons are used in this project. SKPS driver g”_]e]r_lsn,ltb(z;lgC_13,d_10_
communicate with microcontroller using USART m(;tion’()'_ T R

communication through transmit and receive pin. }
delayl0ms (10);

e
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Initialize I/O, UART, Timer
and Interupt Register

Calibrate Legs to Initial
Position

Yes
If Up Button

Pressed?

4 A4

| Move Forward |

No

*a, b, ¢, d is a PWM values to each servomotor

15t : a=1.5 ms, b=1.5 ms, ¢c=1.5 ms, d=1 ms

27d: a=1.5 ms, b=1.5 ms, ¢c=1.3 ms, d=1 ms
Servomotor

| Store Values to Rotate Each |
If Up Button
top Pressed?

10°" : a=1.1 ms, b=1.1 ms, c=1.5 ms, d=1.5 ms

Yes | Start Timer 1 & Timer 2

- I

| Stop Timer 1 & Timer 2 |

v

| Robot Stand Upright |

Figure 6: Flowchart for the Forward Movement Proses

4. RESULTS 20ms

This section discusses the resulting angles t ’_‘ ‘—‘ ’_‘
allow the robot walk forward when the UP button
on the PS2 is pressed as shown in Table 1. Tt
movement is basiccally by rotate the servomotor pyise width (0 Sitis-2.5iis)
which act as a leg joint. The angle is determingd b TS
the duration of pulse that is applied the signakwi (
of servomotor. The servo expects to see a puls
every 20 ms. The length of the pulse will determine —
the servomotor angle. For example, 1.5 ms puls -
turns the servomotor to 90 degree position (neutr:
position). Another correspondence pulse width an o]
the servomotor angle is shown in Figure 7. Whe!
the button is pressed once, the robot will move
forward only for a single step. Ongoing movement  rigyre 7: Servomotor Angle Rotations with the
can be accomplished by continuously press the Respective Pulse Width
button.

Ims 1.5ms 2ms
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Table 1: Walking Forward Analysis
Sequencg Above Left | Above Right| Below Left | Below Right
Values | Servomotor| Servomotor | Servomotor| Servomotor
1 1.5ms 1.5ms 1.5ms 1ms
2 1.5ms 1.5ms 1.3 ms 1ms
3 1.9ms 1.9ms 1.3 ms 1ms
4 1.9ms 1.9ms 1.3 ms 1.5ms
5 1.9ms 1.9ms 1.5ms 1.5ms
6 1.9ms 1.9ms 20 ms 1.5ms
7 1.9ms 1.9ms 20 ms 1.7 ms
8 1.1ms 1.1ms 20 ms 1.7 ms
9 1.1ms 1.1ms 1.5ms 1.7 ms
10 1.1ms 1.1ms 1.5ms 1.5ms

5. CONCLUSION [2]
From this study, a walking robot that achieved the
stated objectives had been developed. This robot is
able to produce the basic walking movements usirjg]
four servomotors. The issue of power consumption
had been solved using the techniques of current
division at the IC regulators. This robot is alédea

to communicate with users via a signal sent through
a wireless PS2 joystick. The biped robot enable t@]
walk in four directions using a simple algorithm
when the user push the PS2 joystick button.
However, the robot tends to go to the right diiatti
while walking forward since the right side of the5
robot is heavier and there is no feedback frorgw]
sensor used. Users need to manually adjust the
robot direction while the robot walking. For future
works, some improvements can be made by addin
several funtions to the robot due to the availabl
buttons on the PS2 joystick. Besides that, theofise
microcontroller with bigger program memory is
suggested since the current program was about
sufficient to the memory in PIC16F628A. Sensors
application also essential to enables the robot {d]
functions more intelligent.
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