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Abstract

Hexapod robois a flexible mechanical robot with six legs. Istthe ability to walk over terrain. The hexapodat
look likes the insect so it has the same gaitss& hygits ai tripod, wave and ripple gaitslexapod robot needs to st
statically stable at all thigfmes during each gait in order not to fall witlet@ or more legs continuously contacts v
the ground. The safetstatic stability walkingis called (the stability margin)n this paperthe forward and inverse
kinematics are derivefibr each hexapcs leg in order tosimulate the hexapod robot model wall using MATLAB
R2010afor all gaits and the geometry in order to deritie equations of the s-constraint workspaces for ea
hexapod’s leg. They are defined as the-constraint workspaces vol@s when the legs are moving without collis
with each other and they are useful to keep the &able from falling during each gait. A smootlit gzas analyze:
and enhanced for each hexapod'’s leg in two phatms;e phase and swing pheThe proposd work focused on the
two approaches firstthe modified classical stability margins. In thippaoach, the range of stability margins
evaluated for all gaits. The second method is distability margins using Genetic Algorithm (C that enhanced the
static stability by gettinghe best stability margins for hexapod roand these results are useful to get best stabte
planning of hexapod robot with smaller error thiaa first approach and with better new stable coatéis of legs tip
than thefirst method. In addition, the second approach seful for getting the better new stable center t
coordinates than center body coordinates in tisé dppproach of hexapod rot

Keywords: Kinematics, Stability Margin, Workspace, Genetic Algorithm and Hexapod Robot.

1. Introduction by the hexapodeg for walking robot with thre
degrees of freedom, with higher position
The heapod robots are mechanical vehic| precision By using an Analytical Hierarc
that walk with six legs; they have attrac Process [4]The stability ofhexapod is a main
considerable attention in recent decades. Ther problem to maintain it from fall during its walkir
several benefits for hexapedrove such as: with usingthe (GA) in order to get the optirr
efficient one to maintain for statically stabletist; movement. Hexapodimulation with « (GA) are
on three or more legs, it has a great dez used to determine the rob_ot's movements
flexibility in how it can move [L There is a generating chromosomes which are created a
difficult problem ofgeneration and control of tl repeated sequence of static leg positions,
sequences of placing and lifting legs such at fitness function equation using the main fa
any instant body should be stable and mo stability and efficiency [5]. The objective funati
from one position to other. The gait is definec is used as the stability margin to find optir
generation and sequences of legs during walking gaits for an 8egged robot as in [t
hexapod motion [2]. Hexapotbbot looks like In this papr the main problem is whe
insect so it has the same gaits [lfe three gaits hexapodrobot walking and may be fall down
of hexapod are: Way Ripple, and Tripod gz the legs are not constraints so two approaches

[3]. The GAis determined the optimal movem are analyzed,one that called themodified
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classical stability marginsis depended o
according to constraintd each leg in ord« not to
fall and the other approach is callestability
margins enhancemensing Genetic Algorithm i
based on the stable ranges valines getting fron
first approach. The Genetic Algorithm is used

get the best stability margins atitese resultare
useful to get best stabpath plannin of hexapod
robot.

2. Modeling of Hexapod Robot

The legged locomotion verities by verity
usual terrain and it presents a set of diffi
problems (foot placement, obstacle avoida
load distribution,common stability) which mu:
be taken into account both in mechan
construction of vehicles and in development
control strategies [7]Besides that, these issl
are using models that mathematically explain
verities of situations and for that; e robot
modeling becomes a practical tool
understanding systems complexity and for tes
and simuléing diverse control approachg8].
The robot structure considered has (6) iden
legs and each leg has (3) degree of freedor
addition to that,all the related points for ea
joint have been put on the model, the |
numbering as shown in Figurk robot's center
coordinate 0 (¥ Yo, Z)-

Fig. 1. Hexapodrobot structure.

The zaxis pointing up, the -axis pointing
forward and the y-axis pointing ledind according
to right hand rule.Hexapod robot modeling
consisting of two types, one is forward kinemi
and its inverse, below will discuss in cils for
each type of kinematic.
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2.1.Forward kinematics for One Leg of
hexapod Robot

The successful design of a legged ro
depends to a large amount on the leg de
chosen. Since all aspects of walking are ultime
governed by the physical limitations of the lec
is important to select a leg that will allow
maximum range of motion nd not inflict
unnecessary anstraints on the walkingThe
threerevolute kinematical cha (Ry, R, Rs) has
been chosen for each leg mechanism in ord
imitate the leg structure as shown inure 2. A
direct geometrical model for each leg mechar
is formulated between the moving frai
o(x.,Y;,z) of the leg base, where =16, and the
fixed frame 0 (¥,Yo,2,) [9]-

v

Fig. 2 .Modd and coordinates frame for leg
kinematics.

In this paper, the BHR hexapod robot model
is taken as &ase studyof hexapod robot. The
lengths of the hexaptgllegare: Ly = (2.9 cm), L
= (5.7 cm), I3 = (10.8 cn) [10]. The robot leg
frame starts with link (0) which is t point on the
robot body where the leg is jointed to; link (1) is
the coxa, link (2) is the femur and link (3) is -
tibia. Legs are distributed symmetrically arot
the axis in thalirection of motion x in this case).
The general form for the transformation ma
from link (i) to link (i-;) using Denavit Hartenbe
parameters is given in theg. 1 [9,11]:
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'rj_l =
1
cosB; —sin®;cosq; sin®;sino;  a; cos6;
sin®; cos6; cosa; —cosB;sina; a;sinb;
0 sin q; COS o d; y
0 0 0 1
..(1)
The transformation matrix is a series of

transformations:

1. Translate dalong z; axis.

2. Rotated;about zi-1 axis.

3. Translatea; about xi-1 axisd;= Li for i=1...3).
4. Rotateq; about xi-1 axis.

The overall transformation is obtained as a
product between three transformation matrixes:

base _ mrfemur tibia
Tcoxa —Tcoxa Tfemur

.. (2)

Considering Figure 2 and using Eq. 2 the
coordinates of the leg tip are:

X = cos0; * (L + Ly * cosB, + L

* cos(8, — 63)),
y = sin0; * (L; + L, * cosB,

+ L3 x cos(6; — 03)),
z =d; + L, *sin0,

+ Lz *sin(6, — 63) ..(3)
Where: d is the distance from the ground to the
coxa joint. L; are the lengths of the leg links.

2.2.Inverse Kinematics using Geometric
Approach

The inverse kinematics problem consists of
formative the joint angles from a given position
and orientation of the end frame. The solution of
this problem is significant in order to transform
the motion assigned to the end frame into the joint
angle motions matching to the desired end frame
motion. The goal is to find the three joint
variables 6;, 6,, and 6; corresponding to the
desired end frame position. The end frames
orientation is not a matter, where only paying
attention in its position [9].

46

Fig. 3 . lllustrations for solving inverse kinematcs.

Using Egq. 3 and considering the following
constraints: all joints allow rotation only about
one axis, femur and tibia always rotate on parallel
axes, and the physical limitation of each joint can
determine the joint angle. The coxa joint angle
can be found using the following function as can
be seen from Figure 3 A.

8, = tan™?! (&)
X1

(4

In order to determine the other two angles a
geometrical approach is considered. The leg tip
coordinates were transformed to coxa frame using
the transformation matrix below:

_(Rcoxa T 4

coxa
((Rfemur femur

0 1

Tfemur —
coxa —

coxa
femur)

..(5)
The angle6, of the femur servo position can be
derived directly from the triangle Figure 3 B.
0, = 0 — 9, .. (6)

The anglap, is the angle between the x-axis and
line a and can be calculated with the following
function:

_1 (Y3
= an(2)
P an X3

. (7)

Where % and y are the leg tip coordinates in coxa
frame. The law of cosine results is applied:

(OF;

L5 +a% — 13
-1 2 3
= —_ ..(8
cos < 2+, %a > (8)
Where:
a= /x—f' + y?2 - (9)

From the Eq. 6, the femur angle can be found
from[9]:
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L3 +a? — L3
0, = cos™! <;>

2xLy*a
— tan™'(y3,X3) .. (10)

By applying the law of cosines, thg; angle is
found:

Q3 = cos_1< . (11

L3 + 1% — a2

2L, *L;
Considering Figure 3 B, thé; can be found as
follows [9]:

0; =T — @, .. (12)

3. Workspace of Hexapod'’s Leg

In this paper the hexapod's leg workspace has
been computed and analyzed. Hexapod's leg
workspace can defined as the set of reachable
points by the end-effector for each foot. These
points (positions) depended on the leg orientation
(the mechanical limits of the joints). The
mechanical limits of the joints restrict leg motion
and are a major factor to consider when
developing walking algorithm for a hexapod
module. The working volumes for each leg are
identical because each leg of hexapod has the
same geometrical configuration and joint limits;
the analyzed of the two approaches to evaluate the
constraint workspace for BH3-R hexapod robot
[10]. The limits of the joint variables for a
representative one leg are shown in Table 1 [10].

Table 1.
The range of angles for one hexapod’s leg [10].

Link Name The range of one robot’'s leg
angle in degree

Coxa -90 < 6, <90

Femur —45< 6, <90

Tibia 0 < 60;<135

These joint variable limits, then, separate the
reachable area from the unreachable area.
Reachable areas move with the body. The region
included within the reachable area is known as the
unconstrained working volume (UWV). The
constrained working volume (CWYV) is defined as
a subset of the original working volume, for each
leg, that ensures static stability. Therefore, the
(CWV) sets soft limits for each leg so as to
exclude points from the working volume that may
lead to instability. In our case, the working
volume is also constrained to prevent leg
collisions. An excluded area for hexapod's legs,
then, is that part of the reachable area where, if
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foot were placed there, instability or leg collisio
might result.

Workspace of Hexapod's Leg

Constraint Unconstraint

l

Vertical

Horizontal Horizontal Vertical

Fig. 4. Flowchart Workspace of hexapod'’s leg.

Figure 4 shows that the flowchart of
workspace. The workspace of robot leg is
computed from kinematics and geometry as
follow:

3.1. Unconstrained Workspace

The unconstrained horizontal workspace of
hexapod leg is the reachable areas include the
sections in the xy plane around the individual
coxas and within the mechanical joint limits, the y
plane equal (30 cm). The unconstrained vertical
workspace, or z-plane reachable area, depends on
the height of the hexapod’s center-of-body above
the terrain is (5.5 cm).

To define the maximum unconstrained vertical
workspace, if a leg were extended to its fullest,
the added lengths of radius body (13.75 cm), coxa
(2.9 cm), femur (5.7 cm), and tibia (10.8 cm) y-
plane would equal (30 cm). The minimum
unconstrained vertical workspace, If a leg were
lack extent to its fullest, (i.€;= 135), the y-
plane would equal (14.7 cm) while the z-plane
equals to (9 cm).

3.2. Constrained Workspace

The calculations of CWV results are used for
six basic constraints:
« the height (z = plane) from the ground to the CB
(center body of robot) = (10.8 cm) is fixed for
minimum, maximum reach, the vertical maximum
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reach equal (24.25 cm) &; = 80 and minimum

reach equal (21 cm) éf; = 97,

* the suitable posture of robot = (22.35 cnm4f

=90,

* The terrain is flat,

» The legs are not allowed to collide or overlap,
and

» The horizontal workspace of hexapod leg is the

reachable areas include the sections in the xy

plane around the individual coxas, y-plane =

24.25 cm and within the mechanical joint limits

but in this case limit joint (half range of coxa

angle is taken in order not to the legs collide) so

the range i§—45 < 0; < 45) degree.

Another approach for constrained workspase
derived, the more details in [12], [13]. For the
hexagonal model the mathematically Eq. 13 for the
radius of the annulus is :

s = (tmin + Q7 + (24 P) . (13)

Where:ry.x ,» 'min, Q P defined by Figure 5.

D —

Fig. 5. The relationship between the reachable area
and annuls.

And the rectangular area is the reachable area
of each leg of robot, for our hexapod robgi =
(10.5 cm) from coxa joint. Added the length of
center robot (13.75 cm)ndk = (24.25 cm). The
center of leg tip point is (22.35 cm) that it isuat)
to the posture robot in methodl above comparing
between two constraints workspaces methods are
found that the maximum reaches of the leg are
equal for our hexapod robot.

4. Modified Classical Stability Margins
Analysis Approach of Hexapod Robot

The first gait of the hexapod robot is the tripod
gait. In this gait the three legs stay on the gdoun
(support pattern) while the other legs are on the
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air. The analysis of static stability depended on
the Eqg. 14 (the triple equation in the Figure 6)
[14] that only computes the 8/here $and S are
evaluated from the same pervious equation but
with changing the coordinates of legs for each
S, $ as in the Figure 6 of three triangles and
there are two conditions to set the robot stable
first if S;, S and 3 are >= zero, the tripod is
considered stable other, the tripod is considered
unstable more details in [14].

From the definition of “stability margin,” (sm),
is the shortest distance from the vertical progecti
of the center of robot to the boundaries of the
support pattern in the horizontal plane [15] the
proposed method is explained below:
In Figure 6 L is derived in the Eq. 16 (the
distance line between two points) and the same
thing of L, is computed, § for other legs, each L
is considered as a base of the one triangle while
the areas of the ;SS and S are previously
computed so that the stability margin is the
shortest perpendicular distances from L, and
L5 to the center of robot (HH,, Hs respectively).
H, is computed as Eq. 17 as well as theHHf are
computed in the same manner.
the stability margins are computed and analyzed
for all cases of the hexapod legs motion for three
gaits (tripod, ripple and wave) for example the
support pattern of tripod when robot lifts legs (1,
3andb):

The
support
pattern

Fig. 6. The stability analysis for the tripod gait
when legs (2, 6 and 4) on the ground and legs (1, 3
and 5) on the air.

The triple equation of the Figure 6 is:
1 1 1

XcB X4 X3
YeB Va4 Y2

1
S1=1 ...(14)
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Where &cg,ycg) the coordinate of center body,
(x2,y,) the coordinate of Leg 2,x{y,) the
coordinate of Leg 4.

The simplification of the Eq. 14 :

S1=7[(xs = XcB) (2 — ye) — (x2 —

xce)((Va — yem))] .. (15)

Ly =sqrt ((x; — x4)% + (y2 — y4)?) ..(16)
Where L is the distance between two points

Hy =2+ (i—i) . (7)

From Figure 6 the stability margin are computed
as:

smy; = min(H, ,H,, Hy) ..(18)

sm; is the stability margin of the support pattern
of legs (2, 4 and 6) similarly, them, is derived

for other three legs when (1, 3 and 5). Besides
that, Eq. 18 is derived for the other gaits of robot
(wave and ripple).

5. Walking, Mechanism of Leg Motion and
Path Planning of Hexapod Robot

The mechanism of leg motion is very
complex problem that each leg is forward and
back motion. It derived from insechotion that
hastwo phases: swing (the leg in the air) and
stance (the leg in the ground) phases [Hje
equations of motion in [16] are derived for two
phases. The walking of hexapod robot is
developed by combing the stance phase [16]
explained by Eqg. 19 and the swing phase [17] as
in Eg. 20 to get our modified smooth gait for one
hexapod'’s leg as below:

Xi+1 = Xj — V * T * cos(¢),

Vi, = Yi—V*Txsin(¢) ...(19)

Where x;,y; the coordinates of leg tip derived
from the forward kinematiap is the direction of
motion, T is the period required to complete one
cycle and changes during type gait and
describes how many centimeters per gait cycle the
hexapod robot should move.

The equations in swing phase are:

' Tt
Xip1 = 2% X, * dtsteD(1 — oS (dtstep>)’

. t
Yi+1 = 2 * yl * dtStEp(l — Cos (dt‘l:tep>),

Ziy+1 = h* (1 — cos (dt::ep))

...(20)
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X,, y, are the speed of the hexapod robot’s truck in
x and y directionsdtg,, is the time duration for
each step andh isthe height of each step. The
movement of the center of body that moves from
start point to the goal point so the new center
point [14] is calculated as:
Xciyq = Xej L * cos(d),
Yejpgr = Yei T [ = sin(¢p)

Wherel is the step size.

The path planning start from point (0,0) cm and
end with goal point (500,0)cm for the straight
line.

..(21)

6. Stability Margins Enhancement using
Genetic Algorithm

The results of sequences of three main gaits for
hexapod robot are found the range values for the
stability margins as mentioned above. Each gait of
hexapod robot, has the sequence of gait such as
the tripod gait has two sequences, the first
sequence lifts legs (1, 3 and 5) where the legs (2,
4 and 6) on the ground. The second sequence lifts
legs (2, 4 and 6) where the legs (1, 3 and 5)are o
the ground.

In the proposed method, an intelligent method
which is (GA) has been applied to find the best
stability margin during each sequence in each
gait. While modified classical stability margins
analysis method which used to find the range
values for stability margins is considered as
constraints for Genetic Algorithm to find the best
stability margins based on these constraints. Also,
the genetic algorithm has been applied to find the
best positions of legs tips as described below:
Genetic

A. Parameters Initialization  of

Algorithm

The initial populations for genetic algorithm
are the coordinates of each leg’s tip {¥ and the
coordinates of center body g Ycg) While the
(z) is constant (the motion of hexapod robot on
the flat plane). Chromosomes (individuals)
represent the solutions for optimization problem.
In the proposed work, the better results of new
stable population are evaluated. These results are
considered as initial coordinate,(y) for walking
of the hexapod robot. These stable positions are
repeated till hexapod robot reaches to the goal
point.

The size of genes in each chromosome is
various according to the type of gait (support
pattern for each sequence) for example the size of
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chromosomes equals to eight variables in tripod
gait. The first sequence in tripod gait when liftin
legs (1, 3 and 5) where legs (2, 4 and 6) on the
ground have been calculated with center body
coordinates as the following formula:

chromosome = [X. V. X3 V3 X Vo X4 Val.

The other sequences of hexapod gaits types are
formulated as in the above example and according
to each gait.

B. Fitness Function:

The fitness function of GA is used as
minimization of the cost function (stability
margins) as derived previously, Where esiah=
min(H;, H,, ..., Hg) and the Hdefined in section
(4). For example ,the fitness function of tripod
gait equals to stability margin (sm) is selected
according to the each sequence of each gait such
as the Eqg. 18

The idea of proposed approach is different
from the approach in [17]. The difference is that
the researchers in [17] that the minimum fitness
stability margin is squared value (fitness function
=snf) in order to get the high values of stability
margin (sm), while in proposed work, the
minimum fitness stability margin is (fitness
function =sm) and all values are high and within
the constraints of legs tips without need to square
the stability margin (sm). All cases of our
approach results of the stability margin are within
the ranges of stability margins from modified
classical analysis method.

In the GA, the best stability margins are
evaluated while in the modified classical approach
the ranges of the stability margins are obtained.
The all cases of the fitness equations for three
gaits are derived from the modified classical
stability method where in each sequence there is
fithess function as an example for Eqg. 18 is the
fitness function of tripod gait for the first
sequence (where the robot lifting legs (1, 3 and 5)
and legs (2, 4 and 6) are on the ground).

C. Crossover Operation

The main processing of crossover is to get two
parents of coordinates of leg’s tips and the center
body coordinates and producing from them the
children. Crossover operator is applied to produce
a better offspring (children).

D. Mutation Operation

After the crossover operation, the output string
from crossover is subjected to mutation process.
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Define cost function,
variables, select GA
parameters

v

| Generate Initial populations
(chromosomes)

v

Find the cost function equal
to stability margins
equations

+

‘ Select mates ‘

No

- Convergence, —
TV if generation <=nG ? e

Yes

< Done >

Fig. 7. Proposed flowchart of GA.

7. Flowchart of Genetic

Algorithm

Proposed

After complete the modified classical method,
below will describe the developed method using
Genetic Algorithm. In the Figure 7 shows that
flowchart of proposed Genetic Algorithm. It has
consists of steps where described as below:

» Defined the variables which determined the

leg’s tip of hexapod robot (chromosomes).

Generate the coordinates of leg’s tip and center

point of body (chromosomes).

Find the cost function (stability margins

equations as in section (4) to get the best

stability margin for each sequence for each

gait.

» Select mates, mating, and mutation.

» Convergences condition, if the generation <=
nG (100 generations).

* Done.

8. Simulation Results

The simulation results consist of two

approaches where illustrated as below:
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8.1. The Modified Classical

Margins

Stability

Analysis of the stability margins above for
three gaits (ripple, wave and tripod) are simulated
for each gait within the steps as below:

a- The wave gait cases

W
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Fig. 8. The configuration of hexapod robot’s leg of
sequences of wave gait.



Firas A. Raheem Al-Khwarizmi Engineering Journal, Vol. 11, No. 4, P.P. 44- 59 (2015)

b- The ripple gait cases

c- The tripod gait cases

z {ecm)

Fig. 9. The configuration of hexapod robot’s leg of
sequences of ripple gait.
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Fig. 10. The configuration of hexapod robot’s legfo
sequences of tripod gait.

The figures (8-10) show that the configurations
of hexapod robot's legs for three gaits. The yellow
lines indicated to the support patterns. From
support patterns the (sm) is evaluated for each
sequence in every gait and the simulation results
of all stability margins are described in
simulations below:
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9.5
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Fig. 11. Minimum and maximum stability margins
for, (a) ripple gait, (b) tripod gait, and (c) wavegait.

In Figure 11 shows that the stable range of
stability margins for three gaits and these values
are considered the constraints to the genetic
algorithm of our proposed work.

8.2. Best Stability Margins using Genetic

Algorithm

From the study in the section (4), the results of
best stability margins are shown in below:

393,
393!
3097

3936t

Best fitness: 3.9356

o Bestfiness

3935 S
0

Generation

|
0 8 9 100

Fig. 12. The best fitness value for tripod gait whe
the legs (2, 6, and 4) are on the ground and liftm

legs (1, 3 and 5).

ol o

(3]
~~

Fitness value

Best fitness: 5.1304

o Bestfitness

o
—

0 50 60
Generation

0 8 9 100

Fig. 13. The best fitness value for tripod gait whe
the legs (1, 3 and 5) are on the ground and lifting

legs (2, 6 and 4).
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Best fitness: 6.2614
6.08- Best fitness: 12.5673
- 12.75¢
e o Bestfiness
; [ o 1277
627 1265]
6.2651 * Z vs)
Wmm '
626 | | | | | | | | | | 1255 1 1 1 1 1 1 | | | |
0 10 20 30 4 5 6 7 8 9% 100 0 10 20 30 4 5 6 70 8 9 10
Generation Generation

Fig. 14. The best fitness value for ripple gait whe
the legs (2, 3, 5, and 4) are on the ground andtlifg
legs (1, and 6).

Best fitness: 13,1925
15
=l
=t
12 | | | | | | | | | |
0 10 20 30 4 5 60 70 8 9% 10
Generation

Fig. 15. The best fitness value for ripple gait wén
the legs (4, 1, 2, 3 and 6) on the ground and Iifity

leg (5).

Best fitness: 8.4736

854
;8.52 3
= U
- 85"
S |
. E—

0 10 2 3 40 5 6 70 8 P 100
Generation

Fig. 16. Best fitness value for ripple gait when th

legs (1,2,3,6 and 5) on the ground and lifting le(B
and 4).
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Fig. 17. The best fithess value for ripple gait whe
the legs (1, 3, 6, 5 and 4) on the ground and Iifity

leg (2).

Best fitness: 6.6121
6.6
ey e
=664
< '
=662r
66 [ [ [ [ [ [ [ | [ |
0 10 2 30 40 5 6 70 8 90 100
Generation

Fig. 18. The best fitness value for wave gait when
the legs (2, 3, 6, 5 and 4) on the ground and Iifity

leg (2).

Best fitness: 13.9895
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Fig. 19. The best fitness value for wave gait when

the legs (1, 3, 6, 5 and 4) on the ground and Iifiy
(2).
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Best fitness: 7.5258
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Fig. 20. The best fitness value for wave gait when

the legs (1, 2, 6, 5 and 4) on the ground and Iifiy
leg (3).

Best fitness: 5.4661
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Fig. 21. The best fitness value for wave gait when

the legs (1, 2, 3, 6 and 5) on the ground and Iifity
leg (4).
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Fig. 22. The best fitness value for wave gait when

the legs (1, 2, 3, 6 and 4) on the ground and Iifig
leg (5).
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Best fitness: 6.883

-~
oo

o Bestfiness

—~ ~
-~ — >
T T s

Fitness value

o
(=)

|
0 10 20 30 40 5 6 70 8 9 100
Generation

o
oo

Fig. 23. The best fitness value for wave gait when
the legs (1, 2, 3, 5 and 4) on the ground and Iifiy

leg (6).

The above Figures (12 - 23) show that the best
stability margins for each sequence in each gait
and all the stability margins are within the range
of constraints that described in classical stabilit
margins analyses method.

The analysis equations of Eq. 21 used of find
the next points of the hexapod center body and the
errors center body of the path planning for two
approaches is shown in Table 2, below:

Table 2,

Shows that the errors of two approaches modified
classical stability margins and stability margins
Enhanement using GA.

Errors path planning
of modified classical
stability margins

Errors path planning of
stability margins
Enhancementusing GA

1- Tripod gait has les:
error value equals
(8.3630e-004) cm.

2- Wave gait has les

1- Tripod gait has less error
value equals (2.3590e-004)
cm.

2- Wave gait has error value

error value equals equals (0.0012) cm.
(0.0023) cm. 3- Ripple gait has great error
3- Ripple gait has gree value equals (0.019&)m.
error value equals

(0.0520) cm.

The genetic algorithm here works as off-line
and getting the new stable coordinates of legs tip
of hexapod robot (new populations) before robot
start walking .From these coordinates are selected,
the best points of the center body in (x , y) plane
are calculated according to the best stability
margins values.
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9. Conclusion

In this paper the stability margins are

analyzed

for all gaits of hexapod robot in two

approaches first is the modified classical approach

and second, is the stability margins enhancement

using genetic algorithm.
In first approach, the range of stability margins

values are evaluated for each sequence in every

gait where the hexapod walking from start point

(0,0) cm

to the goal point (500,0) cm. For the

second approach, the best stability margins for

each sequence in every gait are calculated and the

results is useful to get best stable path planning
with smaller error than the first approach for thre
gaits of hexapod robot as in Table 2, above .Also

in the second approach and according to the best

stability margins values.
The better new stable coordinates (positions of
legs) are gotten than stable coordinates of first

approach. In addition, the better new stable center
body coordinates are evaluated than center body

coordinates in the first approach

Notation

sm

Xit+1,
Yi+1
Xi+1
Yi+1,Zi+1

¢
ki

l
X Y

dtstep

Xcip1
Yeive
XcBiy

YcBi

translation along;z axis

link length about ¥ axis

forward kinematic matrix
coordinates of hexapod's leg
maximum length of leg's workspace
minimum length of leg's workspace
lengths of rectangular reachable area
triple equation

vertical line from the center point of
the robot’s body to the middle of the
base (L)

stability margin

backward smooth motion

forward smooth motion

direction of motion

period required to complete one cycle
step size

are the speed of the hexapod robot’s
truck in x and y directions

time duration for each step

height of each step

new center coordinates of hexapod's
body

center coordinates of hexapod's body
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\% represents speed of how centimeter per
gait cycle the robot should move

GA Genetic Algorithm

Greek Letters

0; rotation angle about zaxis

1251
(O]

rotation angle about.xaxis
angle between the x-axis and line a
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