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Free Locomotion for Six Legged Robot
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Abzivary: - In the peesent aricle the fuzzy alpovichm for frec locomoricn s doveloped. which permits o six
legged wilking robot wo accomplish o movemen: oocording (s actoal situstion. In chis casc, the robot docs oot
have st netioas and pre-determined movemenis, which s koown as oo locomation. One of the parmeters
comaderad i the algontha is the stalulice margin of the robst The davelspmant af thass algocithons whilizes

fumey logie ochnigues G the leccmotion and teoan adagaliling,

accomphiabed theoagl dhe stowlation of tee malbo,

The walonzarion of the esalin s

foev-Wandi - Walking robot Free lecomiotion. Stebility margin, Fueey alzorithon, Simuolalor,

1 Introduction

In the applivaiions whene the surtice 35 completely
trocpulor and unlnoown the wae of robots with wheels
presenes an unlimited number of preblems. one of
whick (= the stability of the wehicle and che
accosaibiliny of certain placcs, I chis fvpe of
agplicarion the use of walking sebwars provides barbe
el s,

Cromsiclering: 1he sormmmebings, 10 1s bl weith the
ari lnpwmrmnplae clamciershiic. ol g melaral walking
hipest: like e frnan Beirgg, Aongl yeingg e gy
uf the vonsiructions, they are desioned s 1 this
potent wilking being is ahle o move from one place
o anlbier, This type ol environment 35 s ool
that people whe use wheel chaics requine special
constructions in order to shore the spoce. All of the
above leads o rescarch and development of walking
machines for warious  applicaticas  swech o as
commercial, industvial. o entzimaimen: [L] The
veacarch of walking machines atemgars o explain
soancwhar amimal leconetmy [2]0 Kaepring o mind
thar wany ol the chaaceeisines ol loesmmonen of
e Gypes ol walkinge reclines e basad on
ttheersilioms o il -

2  Locometion
For the developmen: of the looomotion systems 3t is
necessnry 1o ok inte socount the following nspects:

Avoid allowing the robod 1o Joose it cgquiliteium,
This s accomplished By alserving the locaton of
the: cenper of pravigy beracen the legs which supaot
e bonady el o1 nincrees.

The distribution of the Joud suppuorted by the Tubad
on esch af s Legs s importint g consider

T find an adequace place o support the mobot's L2z,
This docs mat present any difficulty o flat suifaces,
bt it hecomes  more complicated on bmegular
oAl

[lis swonk presents e dovelopment ol the Tree
Iermien swlhairtban i s s legewet mlssl, wlich
rerirni s R bl eeornevs s ol i Tees,

3} Haobot Stability

The sgbility ef the robot iv one of the important
charnereristics in che developrment of lecomesion. In
this vescarch this gualicy is waed oo find the hehayvior
af a rodwr in a deccrmined trajectory and in deciding
bivar many and which legs o move.

Fip. | Suposn pelvao
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Thve robet which s being aodicd has sis lega. Tnothis
case it has a similar wopolozy woan ant, this s
developed in [2]0 For the stabilicy of the sobon it s
congidezed that it must bave a mioimom of three
s, whiich ome s irangle b osappion the ksl
when b s sapporiad by Doae lees il lesims e Do
siclel ol Tier sibes are lormed sehen Hie mods
iw supper el Boe Twer lepes, T cemier ol seravily mnis
he inchinded  dnside o (he Tl |'||_'|I'.-i:|'|n.
irdependent of the number of lers which come in
cantact with the surface, The esenial condition 1o
ke the robot from Calling ny wus analveed in (4],
The polveon formed by the legs o the surface s
konw Tike suppart palygon. [n this cose ic is polveon
can bz formed of theee ides ap o 2 sides whanthe
gia leps sre an oontacl cn sorlace.

Ihe siprpaerl solyeon s el i the poocess ol

Temnalican, as thie deliniHon ol e supper) polymn
umdfer slalic comdition is calenloed, desgpile his
Qi e gaomsed in mevernend tunctions, This s
possible e consider thal a support pelveen does no
change during moment, in which the legs amive
previously st oa spacc within work  spacce
prcdetermined by the algonthm locomaticn.

As oa measwrzment of sabiliy oo walking
riszhine s sabibity macein s considessd, The
slalility muangin i shosen e the Eguation 1 s he
shomler al e chislanees o the verlical projestion
ul the vener ol pravity oo the honnckesies ol the

SUTEUR Polvin

I mim A LA SR A 55 850 ‘1l

4 Free Locomotion

e sk W hegin e e lescanntion algoelsn
tlesi prn 1o aprely ine o rabnl, one aren ol weork st he
tividled] dmbey seven saens Dl e Doveend by e
trilerseclion o The hines which are Drmne] beiaeen
1 b Ire_l__rx'_ s sk im I"i_f_l 2 Lech sresy as L] weithn i
loiler, This lechmique wee Implemente] in che e
ocomotion  aleerithm mobol of  four e, Jke
development o 151, In this rescarch, chis technique is
4 |

e g
T s
YooB =, ol .i:-f

b o - X

= .-T'- :
I':#__'_ '—_I_—_\.-niLT: _ H"‘-\.lﬁl

R e B

Fir, = Aren prooases in the walking mber

In Tahle | che diffecent possibiliey of mavcmaint for
only one Jeg is pecsented. s ocnsidered thar ohe
conter of gravity is oon o of e seven differcn
aseas dedined in Fig 2.

Arca | Malilicy beg
A Fi P PS5 T
H Hi P S B
IZ.‘ P3P PS5 Pa
11 FI F* i FL PSP
= [ 0 ) e
I Pl Fz P3P
14 Hl F? P3P

Tuble [ Muobility o ore ley

When ane leg s lifted. the mebot lkas ome suppmt
polygon of five sides, inowach the cearcr of gravity
i pnjeebad o e smtaee, which most e i loded
o el e deteriminal: aeca W assomed Uil ol
shalvilily

Area | Mokl ol o Tegs

A F1-F4% F - P3G F4-15
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[ FZFS F1FA P PR P4 PE PS PR
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r FIF? PI-Fd PI-PY F2P3 Pi-Pd4
(k1 F1-F2 PL-Fo L2-19 12-08 13-

Tuhle 2 Elehilily ol Lo legs

In Tahlz 2, the differann possibalics of nweeciment T
P Lags s shosnn Dinlis case e seppot palyvgon
by Fooner smbos, wehoere insicle this snss, B cemler ol
anrvily isan hakad,

Area Mphili Ly ol three Teaps

A I I e e e T e S e e s ]
o] JEC ] R o N R O S S Y O B Bl
i PZFAPa B P3PS FZ PSS PS PL P PG
11 H Py FE P4

& PI-F2-P3 PL-P4-PS PL1-P2-P5 P1-PE-P3
I PLP2ZPS PLPLPS PLP2PY PLPZPY
U PI-1R2-1 Fl-P2-1%0 P2-15-13 PF2-P5-1v

Tuble 5 Mikalily ool (hoee laps.

I bl A, the dilferent possibulioy sl ozl T
Haiee leges b5 shown, Tt case s suppent palyien
i g le, thes sy e oanimam pasgisliy ol the
ol skalsi iy i il
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Anntcr pavametey ro censider inrhe algocitn is rhea
Leg mabiliry that cack coc bas, This is prosiding rha
wink space vorrsspeding, wliica are delived By the
Fepeation 2 avedunion in e spaos coodinas sy

w=llons 8+ oos @ oo,
w=l L, +Lons s o 02y

¢ I.L:~1r||f.-'l—l_.','i|'{.|;

P warisles and pacamciees s bl he
pathemarizal madzl of rhe log bt ae rhe
wlloedng: B H L G ame The reludve gnales beiaeen
ko links, which are independait; 5 oand Thoare the
cllzetve longiode for the link 2 oand link 3. Tlis
el wias dewaloped 1o B,

I weork spice chamges depemdicg one [Fie posilicn
ul Ehre mokagl beschy il respzeact iy Dl sl 91011 ix
riir bex (b robwel bedy Resn e e wenrke spanes
shimed, wleredse the work spoce s iodepeodenl,
Thiz rebol comlipuralion perncivs [23% lvpe ol wors
spuakce bekavior.

The location of ke lops inside rhe work space is
shown in Fig, 3, Also the coomciric cenree of cach
leg can booscen. The mohilice of cach leg s
detzrminet by e dection aed the poesent ez
psinen, the vectior af e gecaneiog eaitier of the
wink s and e dmeeeplon diecion vacom
sl el ol the werk e,

Phe wecior alirecior Foroepch leg 55 peesenled dn
Vlyguaiern &, (b ressu L iy compuolesd aeed The direslicn

ul” e vk s beies pcbviomer s s 3 can be seen,

il =il VE2 Vs W Yeh Ve 13

i 3 Achvaree Vachor of leges.

Tha magniredz of the leg displacemen is calewlarod
fromy rhe distances of zach leg: as ir is In Fgaarlon 4
for thaee or il legs o & Like caample. This
displacement value can ke omodifiad e s & <
i e mivvsemienil el Chie leg rs T et sl med sl e
dho che Jesses revees 1o Lhetir ook =pice i

Ao = Ayln, -5 Frim - n

Ae |'5.-.I|II';r.. LF v, 0¥ o

Ay Fig -:'I 'll |:-_| - A ] l. - M ':llI

Fhe geranieter F s deteomimee in the Fe 5 which
e esnrierili ] e e,

-ﬂf-', I
-'."3'-_. £ T
g=| %= "
i) g h
fl:__ L
i, e

Che prews ol the esponent 3, s eoderad inothe
vrrespondine vechor, s shaowsen i Dyuation B, e
lirl walue ol Hhe weeim ozl be i alieed e ovens,
liier in e .:|I_5!|_|rill'|r| his walue oin he |_:h.__n_::|_-:_l
socomling o che dislimaes ol e geesired slep

y=lrorom onon 2] ()

Arlber Fonon T aelesrees e disbirmes value ol
easls D i Thie previcos calaclaliom: s done by e
._'_I;-_::_'rril'.rn_

S Puzey Nvsiem

The first paramoeers thar are conasbdered oo che
development of che Locomoticn alaritun are e
merbility af cach lep. Tnorthis case an adapranion
awarein ia requissd. This systzim s imtcgeated 1nothe
develnpmenr of the fuzzs algocichin., This fuzey
sentm icads oo clange e valus il meoaibslbap
Muaction according with te vaciadon spase wink.
T wariatiinn 15 canseal e arvegeka terrain,
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Fig. 1 Fuzew meinibirsbips Tonctiva,

The fuzesy meimbcsshop Sanctons apely o the
algsnitun s shown Fig A The Tisst case 1= prosentod
whan G leg mabilny s e s seosmd when he
nirkrliny leg i medimm amd e last swhen then s
brigsn mdailiny. T the Bopadicns 508 ol W e Dusey
roeimher=hip funciion is dencoted pra) amd oacis the
rumpenied rnge in the mvemenl eeclor, Inohis cise
Lk v werrse o 1Y comsiclers the mmasimem clisbanss fii
which ibe ez oin be moved, For thin preseni
sifvaiam Abis vadoe com vary acvording oo consditions
of work spes,

Al ={lde. ga, (e, SN} s 1 07
A= {[{J.FJ,'&'_‘ [.-.'f.u,.lf}}] e I iR
Al= '[I::r.l'."l:.l.'..'_1 (e, }_} e T i

Where o is the wvolue 1o use in the fuzsy
ricitthesslup Cancticn, Uns value mwst be ehangs
with diffarent tesrac.

I i Fozey alsithing b schl omakes o deciskion
bl b norekber o Fegs il mniee, " Uhere g Dicre
ricyverrenl possihililies: ane le2, o lepes, three leps
H AR I;:-nl_':.'.

g, 5 Stabilite maugin fnside poe ol sven aneus,

In algenithin developinent, tsae ane tan dilferent
witys Lo calenlaw: e stabili margne: oac s
vevpaarcd betves the fazsy algonthm, shewnn Fig f
Pl vl i veguived e e algoritbe, sehes s

last walue 1= ased o koow  dbhe  locomotion
pecTermancs,

The Tost stalulny maigin s waal 0 decds
whicherver legs swill move i the mext slep and s
wary determmine the fubnre mibal desphiocmenn, The
vitleabiion e slabilany rarein is b mininrmom
distunves  from e center of  grwily o the
himederies ool The gres where 3 is, s vim bBe <ee=nin
the Fig. 5. Thiy wveriamt of the calculuion of the
stability marmin will allow the robot w hove
intommation before armiving o decision alporichm.

The fuzzy algorithme ourpats will allow it @ move
bevwzen e of o legs and the robos body, s
depends on dhe diffarent conditicn of the inpuar and
e prrezsen L muhinl skability, This regquired e intmocnee
T Tieeey algenntbirn annst e resrnbier =k Zanetion T
ther slabulite aramean. In Py 60 e mermberslip
Cunciiems 1% shivsnm

| - s -_.-'ll
LY Y Fa
L 5 [
\._ |
; o R, i
R TR e HGH
; L At
! L ! i
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I.' ; 1__.-" Y |
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b rerron

Fip, & Fuzry memhzrships fanchion for the skabilin
FIRrein.

I the Vguations 10, 01 amd 12 he Dueey
memberships functions for the slabilite margin are
representedl. where 3" ie fhe zbility  margio
caloculued ond 5 iy dbe universe, o iy cose this
vilue i% constani.

= '{{.':-u’_'..'|'_|'_.\I [.E'.ﬂ.’]l]} e N T
Sihe - {Iji'.-h’..:-!‘ fSlr."]]} Swe s [
Fa— (e g0, (SN} S 8 17

The fueey inference roles use in Deic consegquents
o or meTe ovlpur viminble, the tables 1, 2 and 3
give this oucput.

The decizion mads is wery similady when alking
abwout @ porson’ s sense of balanes. For example: of
the person’s balance is not very aable, then the
virverient of e leg will be sowsath and sl that
1 1w saee Lhal thiere ps o pessibaliny o Talll Do the Tueey
aleontme there s e conditon ol leee sibalily in
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werth rie el el vzoevs vy ane ez bea e

sissn e o Ezian alal e e e vl wal,
[ LRI SR T TP T (R TN [ I R T TR T L R H T Shl
e sy e or sl sl e e i,

T ae stestern, e n=aie o s =retaer sl e
i e sevre]l il wdth e s cnpny”
e B3 L VR TR EN R | R TR R s T W TR TR
v’ L chan el e alpd ol ds pmigueel i
Paprintzer 20 el le vien b e B Chiy
cnziFolm ow womes s a7 weergthl e
(H L T b TR Y TR TRV B O Y T TR 3
Jaemsine s almaatd o 1w sipgds e 1 i
e Lovesnle e immdorein e o The aes’een.

A'={en ppdyear) (1)
A v |Eepn ] e i 14

S gl oF Dodvemiiwd by s oreodorl crovrer
ke e orh walve of 2.

Tl o Lin (Y

el oand e : sl bl ey
ekl 10wl e 01 e enbensre e o
gz oo e sl erepEss L oechisee Chie el s
willkone,

e alpmeaThez a7 e e bt s sl e o

Liw. 7. L e LinsL gy, s predicles s ipcladed. T2

walipeien o L Loe amoul by cox, shop i
Lw pebel voudd wgevobe, Thic wey Lwe mobes cin
koo b geal sabiley pwrwn owkic cecain
LU L. s v Jund,

Jheowedn ooy oof Lwe powiicltr sape 5w
Lopooes geend kel ic e ceoon Thic oocins o
Lie & Tolar aiblily _miccin, Cwsy ane v
aleeriboy ol Dovolender ey ey e ol ks
iy pocdicdesn il oouly cece JbBe povstcl sacilioc
Llen ains ik by dueezai b, whealene vin
b owewr e Lwe cex. shep. The sevood ae wess
Lroaveden posprants i ek sLoesshly o st
L petvvenol oo Lo Lee cw el v obie ey b2
sl L beler agalvesd aod by e weeerooce. oy
Eo o B E

L s L, Lo el b deers o Lowd i colt oc o
Lle lop cweecrwoms, b ooz oealsd e Lwe Tedy
iy Lbiy way Lwe oenwdibon ol ooebclily wil b
chiwger, b Lwe keomin cemdiioce aoc o

e ey e e vl wdld s “hie s’
[N TR LD
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Fduopm Frole: Keaga &0

. -rr (ALY
LIRWFY | FTRET Y | AR

¥
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i Hesultamts of the Alsecitlnn

The fracaorzlre of the oogontaurne wie paaea a
e mobe T sl dewelioaed anta his parpes
vzl fpec.mc rra sorsre Lead rencnan soradirie g vaees
felzerzd.

The zeraparscy parareter wach wis f2kon af
afiestng of fae ogontare cedormaics wns rhe

nacritars. The sralalee vorgoa ia fae besh
sazeritars oo heosner, This spocimis mra coors xan
seoobeeovnd o teer lechimeasa algecchr with
aradocricea, dhe Frabiaty matwn s n nLaoran a
g walae, Aso the algsroln withoes predietion
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has a pood periamuwe bl witl o low stabali oy
marin,

Pt 5le v nenin,

The et equations s peogramaned intn the
Simmlater. 1 computes e elilive puosita of e
roed’s ey, with respect 10 The contee of geavisy and
1% progjertion 1nche suppo? poleeoe, The Sioolutor
haz “he confignration of “he rebat nuder ditferent
poiile ol view ol Terroin conditon This cesull vy
T sheween wrhien the genomesryr and the amahiliny of the
cobol 1 owillinwe ou Jillersol Lepme of fermon Tl
Bosme vicw o L Jix Jer rolao s is proesented.

Iz, & Nis len Wabn® St 5ator,

In Fig. I the rabwin zimmlatar is peeacnted. I bas the
sivmlur lopolory Lo el of an ol The aleoc s
o inacimxl inon heah sinmlanars, thon e ehavior
aul cvaludum ol the tobo, cun be evalualed.

Loz Zivio Do pobol anls simker,

LpLp

7 Conclusion

The mawan olrjcclive ol e research way develipod by
thiz algreitheon, The adapration sysem penposece
vowld zolee e problem of redundant lep mobily
and Zervain irregnlaritics of he robwt, Thiz arcichs has
proseniled wo alnomitons B e Kaeomolisn whach
gives the sehmions te thees pealilcas,

The adapraticn svsremz peapsnacd allews he ol
Ursplavements e regular termiin ool <ileeen
et marpholegy thanks o the adaptahilice of the
embership lunelon and e alplba cul
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