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Abstract

The aim of this paper is to build a sixlegged walking robot that is capable of basicmobility tasks such as walking forward, backward,
rotating in place and raising orlowering the body height. The legs will be of a modular design and will have threedegrees of freedom
each. Thisrobot will serve as a platform onto which additional sensory components could be added, or which could be programmed to
performincreasingly complex motions. This report discusses the components that make up ourfinal design.In this paper we have
sel ected ahexapod robot; we are focusing & devel opingmainly on efficient navigation method indifferent terrain using opposite gait of
locomotion, which will make it faster and at sametime energy efficient to navigate and negotiate difficult terrain. This paper discuss

the Features, development, and i mplementation of the Hexapod robot

Index Terms.Biologically inspired, Gait Generation,Legged hexapod, Navigation.
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1.INTRODUCTION

In today's technological society, people have grown
accustomed to daily use of several kinds of teamofrom
personal computers to supercomputers, from persateties
to commercial airplanes, from mobile phones to
communicating through the Internet and everythinmg i

between. As such, the use of robots has also become
increasingly common. Robots can be used to complete

repeated tasks, increase manufacturing producatemny extra
weight and many other common tasks that humans do.

The hexapod robot has, by definition, six legs enthspired
by insects such as ants and crickets. This giviigbility to
move flexibly across various terrain, does not neguany
balancing mechanisms to stand upright. The maipqae for
building this robot is to study the motions and mments of
an insect. Applications for such arobot include immment
exploration, search and rescue, and as a computeencal
control machine.

As the long term goal was to navigate the hexapatkbris or
rubble, a special walking gait was created usingefesensors
to navigate on rough terrain.

2. LITERATURE SURVEY

Robots inspired by insects and other animals haseiqusly
been designed with physical antennae and tactileoss to
navigate their environment, as in the work by Bmok
(1989)[10,12], Cowan et al. (2005), Hartmann (2Q02]) and
Lee et al. (2008)[11]; the last three works emptbifee use of
a single tactile element rather than a pair[3].

Because of their extreme mobility and agile adaftakto
irregular terrain, insects have long been an iasipin for the
designers of mobile and legged robots[1][4]. Edrexapod
robots such as Genghis (Brooks, 1989)[20] and leesitions
such as Tarry (Frik et al., 1999)[20] implementadeict-like
mobility based on observations of insect behavidhe inter-
leg coordination system developed by Holk Cruseug€ret
al., 1991, 1998)[20,13] has been widely implemented
legged hexapods and its basis is in behavioralrérpats that
gualitatively analyzed insect walking behaviors[8].
Neurobiological control methods have previously rbee
demonstrated for simulated hexapods (Ekeberg et al.
2004[16]; Lewinger et al., 2006[15]) and mechanical
subsystems, such as single- and two-legged tesfones
(Lewinger and Quinn, 2008)[14], but not yet as anptete
and mechanical hexapod[2]. The hexapod describethig
paperis the first physical and autonomous hexapatiuses a
distributed walking control system based on theroigiology

of insects, stepping in the sagittal plane to ahglgepping,
which then induces turning in the robot.

3. MODELLING

Before any modeling, the coordinate systems fompalts of
the robot need to be identified. All coordinatetsyss will be
Cartesian and called frames[18].

3.1Robot body frame

The origin of the robot coordinate frame will betire center
of the body, structured with Z-axis pointing upe tiX-axis
positioning left and Y-axis pointing forwards.
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X
Fig -1: Location of body frame relative to robot hardware

3.2 Leg frame and notations

The coordinate frames for the robot legs are assigas
shown in figl.The assignment of link frames followse

DenavitHartenberg notation. The robot leg is matidinks

and joints as noted on fig3, different links of obbeg are
called Femur, Tibia and Tarsus. Fig 2 shows theéier of
leg. The robot leg frame starts with link 0 whighthe point
where the leg is attached to the body, link laémér, link 2 is
the Tibia and link 3 is Tarsus. The joints are tedaat the
inner end of their respective link frames are &gakcto outer
end of their respective links, this means thattjdnrotates
about the Z-axis of frame 1. The Y-axis of linke @t shown
in Fig.3 because they are irrelevant here.

Fig- 2: 3D render for one leg
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Fig-3: Isometric link view for leg links and joint

3.3 Robot Leg Parameters

The kinematic model here is derived by defining ribierence
frames according tothe Denavit-Hartenberg conventim

Fig.4 a graphical representation of a three jootiot legis
given, with the attached reference frames and sparding
joint variables. In this figure the bof) and the zerof(®)

reference frames are attached to the stationargtrbbdy.

Therefore they canbe both considered as inert@ahds. The
axes of the body frame are arranged to be in aceitfdthe
actualrobot-body orientation. The Denavit-Hartegbdink

parameters based on Fig.4 are given inTable 1.

The resulting homogeneous transformation matriceséden
the body and the zerothframe and between the segulamk
frames are given in (1). In the formulas the
variablesrepresented kaystand for the length of thighlink
(namely, the length of the portion of the linkbetmethe
origins of i-1st and ithreference frames). The variables
represented byijmean the sumof thighand jthjoint angles
(6ij=6i+6j). C and S correspond to cosine and sinus
functions,respectively. The values used for themepeters
belong to the Hexapod robof=450; al=1.5 (cm);a2=5.25
(cm); a3=13.25 (cm).

Fig- 4:Three-joint robot leg: Reference frames and joint
variables.

Homogeneous matrices are used in derivation oftipoai
relationsbetween the successive frames. In (3)tithgoint
position with respect to the body frame is givere Tbtation
matrices between the frames are given in (2). Thetsion
matrices are used invector equations, especialiievderiving
the dynamic equations.

Table -1: Denavit-Hartenberg link parameters for the three
joint robot leg.

Joint oi ai ai di
1 o1 /2 al=1.5cm 0
2 02 0 a2=5.25cm

3 63 0 a3=13.25cm
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In order to derive the dynamic equations, first ihertia

matrices of the links should bedetermined. Since th

kthreference frame is stationary with respect tokthénk, the

inertia tensorof th&thlink around its center of mass appears to

be a constant matrix with respect to ktlereference frame, as
in (4). The values used in these formulations keeltm the
Hexapod robot. The resulting matricesfor each dn& in the
form of (5).

{]k}(k) = Vk(k) :]k 4)
1 0 0

Je = [ 0 Jka O ] (5)
0 0 Jis

The dynamic equations are derived by using the dragjan
formulation. The Lagrange functiflt) is defined as the
difference between the kinet{) and potentia(U) energies
In the generalsense, the generalized forces ofnaecaative

system are determined as in (6).
oL daL

L=K-U Tk=%(ﬁ)_aqk

(6)

4. STABILITY ANALYSIS OF STANDARD GAITS

Considering the six legged walking, this paper peothat the
wave gait is optimally stable among all periodicdaegular
gaits (the definitions are to be given) for all gibe values of
duty factor ), namely in the range di/2<f<1. The nine-
pages of proof for the single basic theorem in théper
clearly demonstrates how tedious it is to prove dp&mal
stability of wave gaits in the universe of periodicd regular

gaits: the authors had to analyze 19 cases fovatem of the
violating conditions, and then 31 cases to checkseh
conditions for the six-legged case, and 5 casehéak them
for the eight legged case; totally 55 cases ar&/zedhone by
one[5][6].

Though the proof is very important to show the mpitin
stability of wave gaits in the determined ranges,is
overwhelmed by analysis of various particular casather
than narrowing down from the general to the optimdine

approach of the paper makes it difficult to get a

comprehensive understanding of the nature of stabl& in
multi-legged systems. In fact, it is possible tone up with a
simpler and more insightful proof of the optimahlsitity of
wave gaits for six (and four)-legged walking if theiverse of
search is limited to periodic, regular, and constphase
increment gaits, which are defined to be “standgaits” .

5. INVERSE KINEMATICS

The forward kinematics is a simple equation usedaloulate
the position of the end effectors for the leg ia thbot frame,
by inserting the values of the angles for everytjoBut the
reverse operation is more complex, and it's is usefihd all
the angles of the joints only by knowing the pasitiof the
end effectors.

In general solving the IK equation can be a bia ahallenge.
Some positions cannot be reached at all, as theigaly
system is unable to get there, and some end effeptsitions
can have more than one solution, and not all ofnttee
desirable.

It is decided to solve the IK problem for each &parately,
as this makes it possible to solve it geometricdily setting
up some constrains .The first constraint for savthe IK
equations and is given by the fact that all of thieots joints
only allow rotation about one axis. The second traid is
that the Femur, Tibia and the Tarsus joints alwagate on
parallel axes. The third set of constraints arifesn the
physical limitations for each joint, giving us somaegular
interval for each joint in which the servos canually rotate
the link. In Fig.5 the limited angles of movemerg ahown.

Fig-5: lllustration of thepossible angles, which thesjegts
are confined to rotate within.

Volume: 02 Issue: 08 | Aug-2013, Available @ httgwww.ijret.org 65



IJRET: International Journal of Research in Engineaing and Technology

eISSN: 2319-1163 | pISSN321-7308

First the coxa angle can be found easily using 2{4rY)
function, the relation between coxa angle and hbsdshown
in Fig.6 this shows how coxa angle can be foundadly by
knowing the end effectors position.

tarsus

Fig-6: lllustration of the 2D triangle with vertices ihe coxa,
the femur, tibia and Tarsus link from origin

The equations below provide a summary of the foaswul
needed to find the individual joint angles.
01 = atan2(Y4,X4)

2 2 _mipi o2
(Femur?+SWE?-Tibia )+ atan 2(Y3,X3)

2.Femur.SWE
(Femur? — SWE? + Tibia?)

63 = 180 — acos

) ] 2.Femur.Tibia
64= direct input angle that represent rotation wugrd

62 = acos

6. GAIT GENERATION

In this section, the generation of the robot gaitl Wwe
described. The robot generally has a group of mmogred
gait sequencesused for different purposes. For pbeara
Tripedal gait is used as the basic movement for rdimt
which provide speed and longer traverse length ,and
Metachronical gait is used for rough terrain traeexhich
provide better stability but slower motion[19,2Main types
of gaits will be used in the robot:

6.1 Wave Gait “Metachronical Gait”

In this gait mode the robot move one leg at a titnstarts by
lifting one leg and then lowering it down graduallgtil the
foot touches the ground and then the next legsstartnove,
as mentioned before this gait sequence is ratloey but it
provides maximum stability for the robot, and itables the
robot to walk on rough terrain. This is illustrated-ig.7.
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Fig-7: Single wave gait
6.2 Ripple Gait “Two Wave Gait”
In this gait, the two legs at a time, since it tvag independent

wave gaits. The opposite sides legs are 180 degreesf
phase and it needs three beats to complete one. dyid.8

shows the Ripple gait
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Fig-8:Two wave gait
6.3 Tripedal Gait

This gait is the fast gait for the hexapod; it céetgs a cycle
in two beats. In this gait the robot lift three deg
simultaneously while leaving three legs on the gchuvhich
keeps the robot stable. Fig.9 shows Tripedal gaittion[9].

N aisinis

Leg Lift
%
o

/ \
Time Time
—

Fig-9: Tripedal gait

7. JOINT ACTUATORS

The leg joints are actuated by modified Quartee servo
Motor with Dual Ball Bearing and nylon Gears thetadi
HS805BB. These motors were chosen for their high
torque.Because of their standard servo dimensitinsse
motors can be used with the wooden brackets, which
minimized the number of custom-designed parts thete
required. Each of the three joint actuators per dagctly
drives its associated leg segment. By attachindeinsegment
directly to the servo output horns, the mechardesign of the
joints is simplified. This direct connection alstiows the
joints to take advantage of the nominal +90deg eang
ofmotion (RoM) of the servos, which is approximgtéhe
same RoM as the insect[7].

It is important for the leg control system to knowrrent joint
angles (servo position) and joint loads (curremsconption).
As this information is not available from standaetvos, the
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motors were modified. The servo’s internal PCB, ahhis
responsible for receiving PWM position commandsrfra

host and converting those commands into servo outpu

positions, has been removed, leaving the motanstréssion,
and output potentiometer in the servo case. The rvotor
leads and three potentiometer leads are conneztedhannel
on the Motor Driver Board and Controller board.

8.SYSTEM DESIGN AND DESCRIPTION

However, the robot's static stability margin is not

optimumwhen using gaits, for instance, five-leg Eup
patternspresent better stability. Nevertheless, exapod
configurationusing alternating tripods has beensehgjust to
try to increasethe machine’s speed, albeit at tis¢ @f slightly
jeopardizingstability. To navigate in the hazarddiedd, it

will rotate in any direction; heavy legs with povidr
servomotors are chosen over other types as thewithstand
heavy loads. It contains the required subsysteoth as, an
ATMega Microcontroller, batteries, and play statreceiver.

Fig-10:Hexapod configuration.
8.1 Controller Board

The Robot control board is versatile and expandpleform
for robotics. The board is compatible to 6-25VD(uh
compared to all robot control boards available Whaccepts

inputs just up to 12VDC.The motor drivers have ittbu

protection for overheating so it would not see matdvers
burnt in any case. The high capacity motor drivgire an
edge to the development board for driving big rebeithout
any problems.

The Quick C utilizes the in-circuit debugging caitigbbuilt

into theFlash devices. The In-Circuit Serial Progmsing
(ICSP) protocol, offers costeffective, in-circuitlagh
debugging from the graphical user interface of @uck C
Integrated Development Environment. This enabldesigner

to develop and debug source code by setting bréatispo

single step- ping and watching variables, a CPWustand

peripheral registers. Running at full speed enalbsding
hardware and applications in real time.

The play station transmitter sends commands tadbet, the
play station receiver receives the commands andissiiem to
robot control board. The microcontroller contain the
necessarily algorithms such as Direct Servo ConEotward
Kinematics, Inverse Kinematics. After processing fhput
signal, it sends them to the servo driving ciresing TX/RX
serial communication protocol.

The hexapod robot has custom design chassis, vikh s

identical legs distributed evenly on the body. Edelg
contains three-servo motor. And a total of 18 senators are
used. The two servomotors are used verticallydor$ 2 and
joint 1 is configured around a typical rotary joimtith
horizontally constructed servo motor. With each
configuration, we have all three-servo motors aoedi within
a small volume near the body. The microcontroleads the
information and controls the movements of the robot

9.PHYSICAL ASPECTS

The design of hexapod constitutes the kinematidigoration
of a hexapodrobot, with each leg acting as an iedéent
serialmanipulator with three degrees of freedomg.lAi

showsthe actual prototype of our robot. The lege ar

numberedfrom 1 to 6. Legs 1, 2, and 3 corresporttiddegs
on theright side of the robot's body while the Isftle legs
arenumbered as 4, 5 and 6.

st Wi e
Fig- 11: Hexapod robot

Table -2: Physical characteristics of Hexapod
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10.EXPERIMENTAL RESULTS

A body of hexapod moves independently of its grocoatact
points. To makes a center of gravity shift on aizwortal
plane, forward/backward, and sideways moving fumdiare
effective. These functions can also produce a smbotly
movement independently from an intermittent leg

traveling.The robot has been designed with thregreds of
freedom in the front, middle and rear legs respebtiFrom
below figures, it is proved that the system hasigaed the
robot to walk according to the planned trajectory.

| (b)
Fig-14.(a)Body rising movement(b) Body lowering movement

Sr. Parameter Description

1 Length 30cm

2 Width 23cm

3 Height 12cm

4 Weight 3Kg

5 Construction Material Fiber

6 Actuators DC servo motor

7 Motion Control ServoSequential Control
8 Leg Stroke (Max) 6 cm

9 Leg Lift (Max) 5cm

CONCLUSIONS

The work presented here describes a hexapod ratseidbon
the physical and neurobiological aspects of the
Chrysolinafastuosabeetles. It has been designe@dgiement

leg control methods as identified in the insectrobiology
and gait generation methods based on insect
observations.Control of the leg actuators and ei@twf the

leg control and gait generation models, is perfainby a
controller boards. The programmed speed and fliéyibof
these controllers make them ideal for this progemtl future
research.

This paper describes the design & simulation ofttegapod
robot. The PWM joint controller has been showneachpable

of moving the joints with the necessary smoothnasd
precision. The results in simulation and on a exglerimental
hexapod robot show the feasibility and significarafethe
proposed controller.Here we have developed a metbod
perform terrain negotiation in a dynamic uncertain
environment by using different gait locomotion. Tdigorithm
we have developed for hexapod robots that may owesc
many of the shortcomings of previous legged robots
developed for hazardous field.
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