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Optimization of Dimensional Parameters and Performance of Bionic
Leg Capable of Omnidirectional Legged Locomotion

XU Yuze LU Zhongyue ZHU Yiming LUO Zirong
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; A leg mechanism with fixed and centralized drive, no corresponding rotational characteristics
at the footand the same movement ability in all directions ( Omnilleg) was reported, in order to improve
the performance of OmnilLeg, a multi-objective hierarchical optimization method was proposed to optimize
its size parameters. The kinematic model and static model of the leg mechanism was built, six
performance evaluation indexes were constructed , including limiting step length, limiting step height, two
kinematic performance indexes ( mean value of Jacobian matrix condition number, and fluctuation of
kinematic performance) , and two static performance indexes (ability of force transmission, and stability
of force transmission ). The influence degree and law of the dimension parameters of the omnidirectional
motion bionic leg on the six performance evaluation indexes was analyzed. Combined with Monte Carlo
method, a multi-objective dimensional parameter optimization method was proposed to stratify the
optimization objectives by taking the ultimate step length and the ultimate step height as the main indexes
and the kinematic and static performances as the auxiliary indexes,and the dimensional parameters of the
OmnilLeg were optimized. The kinematic properties and static properties of the OmnilLeg were analyzed,
and it can be seen that the omnidirectional motion bionic leg possessed better kinematic and hydrostatic
performances when the end workspace was in the region of —0.07 m<(x, v) <0.07 m, and 5°<y<
85°. A prototype of the Omnileg was built based on the optimized dimensional parameters, a single-
legged experimental platform was built, and the conclusions of the kinematic and static properties were
verified by end-loading experiments. The research can provide a foundation for further research on the
OmnilLeg.

Key words; bionic leg capable of omnidirectional legged locomotion; multi-objective optimization;

optimization of dimensional parameters; kinematic properties; statics properties
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$H 0.15~0.30.075~0.2 15~65 15 ~65 55 ~85

2 WK RSFSH0(L, M L) WRAE B bRk 2E 68
RSB T H s 19 Al 2 b R4 TR A
R . HRAEC(6) nTHERS L3RR

L. Jl + tanzamax + tanz,Bmax
L = 2 2
2 tan"o,, +tan’ B,
e a,, B, AR (22) AT, 75 2 it
Hbp e R A K L, =0.28 (M F, L &/NN
0. 147 4 MRPEEE 2.1 WEER L X IRAE & H, W5
WA GE S KT L, , BRI AES L L, ] LA JE S A 2L
SRAEOLT S AT RN K L, T A RS KRB = H o
IR, LA T2 2 1 L DR BUE S
it AR KT AR, L KT 0. 147 4,454
LB BUET ], e 23k 22 L, R 0. 15,
AR AT HAR L, + L, +L,<0.5,BH1 L, =
0.15,8 L, 5 LyMAIFT/NFET0.35, KE Ly
T U P, ik = e I 45 A L hr TR S
B, 455 LR 0. 16 m F5F L C R H I RN
0.16, 845 L, }0.19, WE L, =2L,, %
PRKBE L, 0.095 40 T3 2 of L B HUE I
IR HE TN SEAK S LM L, # i 5
A, R L, 0 0.5 m B, L, =0.15 m,
L, =0.095 m, RORIE4 [ iz 8 {5 4 R 7E iz g i 2
W KRB A AF R Z [ T3, Gl B — 4R 1T,
K LAH05E ] 0.075 m, SA455) 1 H4mis
STABRA RSP S HUE (£ 3) . RAEN(6) ,iTHE
FEBRERHLR IR R A K L, N 0. 284 9 m, B BR A7
H, }0.276 5 m, Y35 R T H R,

®3 RLE£EENHERZTRTSH

Tab.3 Optimized dimension parameters of OmniLeg

(22)

ZH L,/m L,/m Ly;/m L,/m
Bl 0.15 0.017~0.19  0.075 0. 095
e Ls/m a/(°) B/(°) ¥/(°)
¢z 0. 160 0 ~65 0~65 0-~85

# i s A R r i T B R A T cAs , n] 2
T LR P8 s 1 7 vk X A )iz s 45 AR R 45 R 228K
HATE B .
2.5 RSIS#MAERITLE

Wt B, TENSE L, N KT 0.28,
H, VKT 0.165, $rEBE AR &k (X (21))

Rehihz b s & 2 R & L, >0.28,H,, >
0. 165,133 6 I H MK
k,(J,p) <2.79
k(J,p) <0.7446
X..(J ) >19.505
,\/m(JfF) <0.61
L. >0.28
H, >0.165

5 b1 el 115 AR R 15 38045 R 2800
AT I USRI RN A S BOBUE . R,
BE L demza i ERR T2, o, =55°.
B.. =55°y. =75°L, =0.16 m .L, =0.09 m,

MR 4 Jros AR SO 7R BT ig RS 248
SR RIS TS RO S8R RT S 80 TR AR 2
PIRRAL K L, W BR2 & H,, 282 R4 b
by () Uk, () B 7 2 M B 45 A5 x (1)
Xoo (Jp) BIE AT EA AR BT 2t A4 07 145 31 Y
Rﬂ‘é%ﬁﬁ Hmax \ka(Jl‘F) \Xea(‘-’fF) ﬂ]/\/m (JjF)4 Iﬁ*g
b EOETRIRE, i SR I A 2 0 RS 280
1E k,(J.x) \kf(JpF) Kea <JfF) *HXW (pr>4 TFE bR B4
TRIRAE, B 7 ikt 4 iz s AR R i RS2
BT TAHRAL, X Fr g 0 7 i SRR
Wk, AT LVE M, AR K L, Z AR /N (L
1.8 mm) HHTE WA RORAG TE R AR = H,, (FH
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Tab.4 Comparison of performance indicators

(23)

ity Lyas H,, ko (Jop)
g DR 0.2849 0.2765 1.1945
SRR 0.2867 0.2224 1.2331
WItHE 0.326 6 0.267 1 1.2433

eI k/(J,,F) Xea (J/F) Xsa (J/r )
JTHR R T 0.1413 14.57 0.556 4
SRR 0.117 4 15.49 0.596 6
WA TE 0.1212 12. 49 0.599 8

AU AR SR B B RO SR A 75 1 R
S AT, A TR 05 85 1 iz B 5 A R
T RGF SRR IR R, R, A SO $ 1 J7
VEME AL T 4 TPERESE bR A SRk B HGE )2
FER T P ERERL S 1Y RT S BOPEIE 1, i A 1l
FEET 6 TUPERESE bR i S5 R TE BT RST 2
At al e B 22 , I REAIR T
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e[ 3z 2 {15 Az iR A 25 8] e A 1) A9 BRI 2
111 A, 16 ST 1o 0 AT £ A [R] ) BRI L iR S B Y



492 P

b BB R

20254

12 )2 M ) 2 P RERAS 2 2 S5 1] b RER R A9
A2 ) DX s SRR e G o BAT AU PR A BRI
M BRI N 12 Bl 2 M T 2 PR BE , LIS BIE « Bl
Ay B 1 bk AR T A 25 A XA

VAR y 120 A 2 e oA TAR 28 [ AE 2 Jil
Jr i EEREARAEAEOL, 2% 30(8) L (9) & LRI
W Jriz s PSR br &, (J,,)

[K(2.) a4
hi(J) = (24)
Kk, (J,)—F8b8 k(J,) (X (7)) FERRE y
X o7 BRI T P4 ) 448

A—— R[] oy R 7 A BRI 17 A
€ SCERINIA N 22 Jriis 2~ PR RE I IS A2 AL 1 il
ki () N

S~ k)0
kﬁ(LF) = A

Rk (1) — 555 k(J,,) (7)) ZERI
I (BRI 1A a2

(25)

£
HTE R LK 8a,
20 14
15 13
~ 10 12 -
B B3
B =
= s e
oF 10
1 1 1
0 25 50 75 100
)
(@)
100 110
80+ 409
Z60r 108
40 + 107
20 106
1 1 1
0 25 50 75 100

V()
(b)

K8 ARzl 2 oy b (y AR iiz e tene
AR 2P EREAR AL T 28
Fig.8 Variations of kinematic performances and static

performances in z-axis direction of workspace
2% (16) ,(17) % SCERINTH A 42 Js) ) 14 i
AE E‘#&T‘X(eai (-]fF ) H

Jr. () da

Xeai(JfF) = A (26)

K X (J) — 65 x, (J) (X (14) ) TEATA]
X Iz A BRI TR PN AR
B SCERICTH P 4 Jm) I A% 33 52 M P BB 4R An
Xoai (T ) A

Je.(a
XsaL(JfF) = A (27)
K X (L) —1818 x, (J ) (X (15) ) TEARTH]
o AR ERAICIET 1A 99 24 1

SrHTEs L 8b,

H I 8a I 1%, 24 y KT 20°RF, 3645 k,, (J,.) Fl
FEBT ke, () BIAETFAHXSE NI DX, 4 )38 Bl 5 2E
BREYIZ B2 P RE R ar . M Bl 8b A4S, X y 7R 0° ~
30°MF, 595 X,y (S ) PR/, HUAE T3 12 3 BE R
W 3y KT 30°05 3805 X0 () BOBBUIRC 2 5y KT
30°05 , 4655 x o (J ) A0 T HARIKF-, T3 4% 3 T
B, [FEE, NE 8 FTLUE i, Y y /T 500, 4845
ko (J ) FIFEHR Ky (J ) IR, 38 2= PR 25
SRR A 1) 32 Bl 5 AE bR BT BT I8 B S R RE 7E
XBREBIEATIZ SRR v T KT 50,

PLy 435124 15° 11 60° B () TAF 25 [ BRI A
RFEIATHT . BIHZ(T) 44745 BRI E P 432 3h
“EVEREAS LS B, 5 R LI 9, R (14) L (15)
Sy BT S BRI N 5 12 R BE AR f 1 L, 45 SR LI 10
FE 11,

A 0
Yy -0.1
” —030n M A

(a) —ZEHLIE

Cy=15°
y=60°

k()

i i

-0.15 -0.10 -0.05 0 005 0.10 0.15
y/m

(b) IEALE

9 ARIERINHNAEDS k(J,,) BIEAETEB
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Fig. 14 Kinematic and static performance

analysis validation experiments
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Tab.5 Range of motion error of endpoint mm
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