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An Efficient Stair Locomotion Method of Quadruped Robot with Mechanism of Insectile Leg
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ABSTRACT

In this paper, we propose an efficient gait trajectory generation method for the static stair climbing of a quadruped robot with
mechanism of insectile legs, which has no collision with staris. First, we derive the kinematic and inverse models of a quadruped
robot using the algebraic and geometrical methods, respectively. In the proposed method, we generate the stair locomotion trajectory
of a sine wave after lifting a leg from the start position, and then determine the coefficient of the generated trajectory to avoid the
collision with stairs. In addition, we make the gait sequence for the stable stair locomotion. Finally, we verify the effectiveness and
applicability of the proposed stair locomotion method through computer simulations.

Ilel=
Quadruped Robot, Stair Climbing, Gait Trajectory, Insectile Leg, Wave Gait
45 2, A B, 25 A4, 259 o, 22 2aM

M2 ol% el wHE A WAL 7 o)F wio
P, A AR B L Aol Be A} Bu
Hoo] 94 A Am 5oz ods Ao gael 8 2aHL Atk £F olsh e RPN olF

YE AN EE A9F BERAA A0l F5F ol AL FARY AL Awd gL
F 2ol B3 o] FobAu or, ol s AFNA el BHHo|nE e Feel o

» A7\ &m MX3 & nHhydeeon@kgu.ac.kr)
= &1 X XHcorresponding author) @ Z7|cH&tm MXtZ&tnt 1w 4=(yhchoi @kgu.ac.kr)
LR} 2015, 02. 03 AMAHFHE)L A} - 2015, 03. 13 AMEHE LR - 2015, 03. 23

395



JKIECS, vol. 10, no. 3, 395-402, 2015

b, 94 e 4 (9 2ol ek & gk

=

<)

— M A
ol @ )
u:ﬂ %i% H% = W_ﬂ
s  fom z -
= = w@% 2 T D T
: 5 oo — e e m 5 .9
HoO§ K% R aog  HT L oo
_A.__l rw 27E B m_u.___ooee ﬂﬂ&rﬁ Om.r‘_
<D Il 5 \& Ee) o~
~ Be WET M groE LT < =
L St v I2 Fwes N~ B ——— 5
Mg e i s TRLQ o M Z oo o
mya= ZE™ —Nga  F oo 5 T~TT o
K q,.nlv (mulae N ~ Je _©8 835 K N = o oo w D
_.T:|a o ™ o "% Mos " > 2o e -
ks m Z.o = o 5 T nl <0 L m. o ﬂy cy n_aCJOO E| ﬂ
o = _ = & & L B0 = ! - _ ~— o
o mm TS < n_/n_mﬂuﬁmw EHW]G Faoo o,zﬁ
0 mn_mu 1H wau = — o ol NI Mm < I = o)
w 55 T - O - -
Al — X =~ — — anSQ( W ne fagl N I e
KPR o @A NG ﬂﬂﬂo e g <
VLTI s T g .
i/ B oy m & I -
R T °TF L =
M < o B ﬂ il " 5 m_ﬁ
N 3
ol ol @ o o do X R R B
T odo N B PRTAFTW T g HETHES T N
PH Lo w2l LT sl LT Lo s
I b = - (R Lxﬂqsﬁa.noﬂﬂﬂmﬂ.%ﬂ or KW Sy
7o B S PXETM o 7z%?aﬁsc_a%%mr1§r o °
TWES LRI SR A B _owm D z
b 5 W o & K o)) e S ; RO oy Hor M % =
n_tumib_@mm)zo%mﬂ iy 63 7%3,41#@%7 o JiE o]
Bk SEE _MES [ S I R KIrko " W
n,ae(ﬁgoﬂermﬂz,ﬁoxlﬁA ﬂﬂ%%%%él,ixﬂo < ¢ oy w =]
o L CUS‘U'LA‘ = ﬂl,DrLL. Fo%ﬁ,.mlAﬂﬂho T . R
m o< WJA &= No i° B ™M o oK - o oAy o L__O“_ 2 ﬂ].L m
e T N P P M m L S Mo o &
e A 2y o™ Ty w o g I S
ﬁE%@WEW%%W%ﬂ E%@%?Axmmﬂ%ﬂaﬁhz_. my Y oy ®
N R R I TN IN o T Klay W o 2 -
I T I & Ry X e Ed kT g
Moimlovﬂtl_x]ﬁo#@ﬂmm ﬂMAi]ﬂlEga.x‘So%Jx L _.TMU
Wia«%ﬂ.%wwﬂ%%uul utﬁmﬁ?yovimﬂmo%Au oy 0@t N
— —_ =0 — T il
wrﬂ02,%x%V.%qoo I I I o PSR T
W OE [ S L iy < ~o oF B Mo W o e oo o0 ey K
= wm&o — o < K o o W T o R __oo_._ﬂ____ T N w;r :.L
J%QMWW% ,aﬁ?i7 ﬂlmﬂ%‘o#mmiquﬂ ror __%__.u_._ uﬂ%ﬂx% N
M.T = K ¢ .m % = <] M- o ﬂl T TK o] o ﬁvl < BN oom w i _I._L M) K iy 3 NF<r
iWﬂMm«]%%&%%%%mﬂi%%ﬂ%%ﬁﬁemmﬂ%dp ) T
o " o o ) o 7 - e Gl = ) J
= o RK Mrodmer s )RR R ﬁmmmwo o B

o

396



2T v F2E 2 45 ZH g 8A A 2y Wy

100 0O q71M, WEF n,0, a = 7] & (normal), 3|A

Ay=T T, ,= 8 e 12;2 (2)  (orientation), #<*(approach) WEH 2 W3 HHE
R TSy G TinSy . L

00 0 1 vtebdTh 2 )k B)ell ds) A3E Ak 47

g 2e A5g 7 $ ok
npAeto g pEow —g, v M, yFow
L, B olsay, sd JAe 4 @ gol T T=A4 (10

eha 4 guk

[

LT, (11)
10 0 O ] _
A=T T =0 9 g OV AR e gl eyt mae
P 0 — sy ¢ Ly, sat 4 59} @ A= 2] B, 4 (1), (10)
v 2 (1DelA Der Dy p.= o] &3sto] z

I~

6]
470, 0,, 0,5 27) B} o] T,

i

SellM 73 314 ol B HY olFol Ui P

A, A, 2 A4S olgd M Ws FEe A4 4), G)%
2ol P2 4 ek
0,=tan '(—=p,/p,) (13)
G T81G T 515 T IS Ths6 -
T,=AA, = 516G 68 Lo thae @ 6, = tan"'(sind,/cosf,) (14)
0 =3, ¢ —lysy
00 0 1 i ps) P 1
95 = cos 1((1);/51 1 p.,;ll)l Pz 1y 3 ) (15)
2l3
1y =A 4,4,
€ 818985 8100 — 8,8y —8185C; —ls; — 15,6, +1 (518,85 — 5,60;) = - - . . -
_ s cllcf_,('.s:cls?sg3 clclzszziclsycj ’ llcl+lzclc;jr13(2&_,qzj515253)s 047]/4 92'_3‘ ??»?]_- U;H /\]'%—?} SIHGQ 9’]’ Sln93 o Z—]—
0 —6s378,¢ GG T 8583 712‘927]15(C28¢£+SZCJ)
0 0 0 1 71 2 (16)3 (173} o] Folxith
(5) (p,cl—1,— )—1,—1
sinf, = Co\PyC 1 ;}7.1»,51 Ly ™ L3C3 (16)
HEAHoR 4% 2B £7)78 mde 4 (6), ’
=1} 1 o =
(7) = (8)‘7’]' ZEO] ‘TT—J—%q' ((pyclfllfpisl)><(12+l3c3) )
353
cosf, = b 5 (17)
(p.+ (Pflfllfpﬁl) )
P, =l — s 713510(2+3) ©®) ) P
Py =he Theag ey, @
22 Ad E3< A% vy A4
P == lsy sy ®  woAgNE 258 de TRE 2= 4% wE 2
Hol z=A o Bas 93l g e 25 QA
9, 1T mAS A 9 99 TR g g o0 00 BEE AR S s e
oot Bl ey £2 A4RT. 941 19 3¢ 4% 2pe 27 A,
o 3]
TR mer 2R 94 a1 A 845 Uit 28 aaw
n,o,a,p, = og 4ol [, ®A 4ol BL, ¥ S 2 = A4
=M= gy @ L7F dem Ad exze Ad un W, AY &
n, o, a, -
5ok of H, A% At ¢ R AW WY 17} ek 24
Zdol BL2 % n¥dd} 3l ud Afo]9] Fgloln,



JKIECS, vol. 10, no. 3, 395-402, 2015

AN gE AR Gy e A o] HE ool
A Aw wme e thest 2
p=tan” (47 (19)

O% 3. AlGtollAMe 457 28 EHE
Fig. 3 Side view for a quadruped walking robot in the

stairs
B AR e Fol $A0l: ARoRA, A Y
A ok AY a9 oA FE3s o|Fa e A
Holgl @t BE g A A R 9
F8% QAR A, dtEe sithg] Aleld] zhde] #
A}

AetA] 7] SJeiA BE S BA Aol BLRU F
o].o}: 5],1;]. t\:a—], oq_/.:z%o] ;G;G EEEVO“ J_g%o}o:] o]_
g Ay S A A HEe] XE LA gk
weld A vnl el RE g7 Sdaof s,
# 39 4% 2R ] wdelA 59 udd 9A
b ELEE AT F Ark EF 45 28O HYPe
A Bas nHste] B4 ZSA(wave gait)7} o}
U Alek Befexe] @& MAEE FIMT7] 4
a =3to] thy] wiAE AfvtElEE bl =i
A ¥ FX(pitch)? E(roll) 5ol Sl 5
&% FEo® JHAET o] W A A9

ynl web Alwt o]l Hz AR A AAE ¢l
g FolA= A% I,9 dibs Holx Fdste= A
T I,E w0 A FA

Iy = ol&gtta 7H st

4= 2RO A Hd 2=
B Ewoe HAAMY By 72 god =i
L4 2 A 848 o8 2FY v Tx2E %
45 2o A FESHA & Ad By A4

& Ak

31 %A 23 AXY BA

% mRol AW wy AH A PES AL
A, duHel B w AR A 2y 2§
We AEE

of
AelM A B A A <

z .
7 Real trajectory Real trajectory

|
/

Y
Pi(xa, y1, z1) Pa(x2, y2, 22) >X
(@) (b)
a8 4 258 o2l 2x8 2E 45 220 2y
HH (@ BHE (b) HHE

Fig. 4 Walking trajectory of a quadruped robot with
mechanism of insectile leg:
(a) Side view (b) Front view
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