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Development of QP Based Posture Controller for Wheeled
Bipedal Robot with High DoF

d3Ed -zt
Junyeon Namgung!, Baek-Kyu Cho'

Abstract: This paper presents a quadratic programming (QP)-based posture controller for Legway, a
wheeled bipedal robot with a 10-DOF configuration in Wheel Mode. A linear state-space model
incorporating the body motion and individual wheel states is formulated, and a constrained QP is
used to jointly determine the ground reaction forces and wheel-torque-related inputs of both
wheel-leg modules. The proposed controller is evaluated using simplified and nonlinear multibody
dynamics models. Compared with the previous LQR controller augmented with Cartesian force
control, it maintains comparable tracking performance during nominal forward and yaw motions
while providing improved posture regulation on asymmetric terrain. It also rejects longitudinal
disturbances without violating the prescribed wheel-torque limits. Differential wheel-position control
and crab steering are further demonstrated. These results show that the proposed controller can
integrate body posture regulation, individual wheel control, and physical input constraints within a

unified optimization framework.
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[Fig. 3] Dynamic model for center of mass.

Bl Hip yaw A1 20 232 54l 8l yawd
Fo AT 5 Uk (W} (i=r, 1) LEZ L A&}
Fol HEA Y {0} HBEAZRE ,u,, T yawFO 2
5171 Hlojgick. 2t A Afo]o] TA A (1)} o] Z-Y-X
CREREELETE R

Ryp= Rz(ﬂ/)(;)
Rop=R,(,0)R,(,0.) (1)
Ry = Rz(ﬂ/)c) R, (,96)3:,,.(1&5(;)

y
Roy, = Rz( Owwi)

E3E {BI &} { W} AlolS] A= HE r, 2 REEH 25
W] g717tokE Sl ARt 22 A Alte] HolE
&f base®] UL EE {0}, BHLELE {1} HARAS 7SR



A 0|5 uhel-thel 22

P&t B3 Aol 0 2 AktEl= 33} B {0) T
A 71zo = 7)&H,

22017 S8} B

[Fig. 2] w21 = v} 2] AF5-Hof gt we-22
-

AR o gk
ZZ
My oTwi = OF; - Ofi +mwg —my, 0
0 @
I/V[w w (;szi Rw >< —wT
O
Where w- Rw = O'Rw =0
R,

4 @1 m, 2 1, v19] UeF L T BHEo]o],
o Fr BH10] A8 3H= A Helol). |, vl mEl7}
= E 0], {11} FEA 712 pitchi 3 R EAI o]
) Bh21 Aol che) w11l A) ) 9 T2 e wt-2et
APPSR EARIh s 4 (3)0] AR,

) w xw? d Hf'éw'i Ru d
oTwi = Low i |~ [0 =Roy, 0 10 3)
o 0 0

W2wi

E3} 81 9] rollH}3E 7] 20) K o] @11 vl 3] Ak pitch)
g Y7 ]"{H\‘Etﬂ' %—ZH’(I)‘_]_-E]—_']"!_ 7]—24 o]-l:q yawut;.oo]: 7—|]'7]"31"E—:
{ VVL} }’]‘Eﬁ]q {0} }’]‘Ezﬂ 7]—2,-%%0]—_11__%/}4 (4)7]'/\6]%@'12}

0
Ir’["'{bwi = IVeun ( 4)
me
2T gjo] u| A}l 7P 5he] YAIZ eSS EAo= A9
SFE AL 4] (3)2F (4)E A ()0l Hdsha w2 Zt
w gwlﬁucz
m,, W QMRLLSI —0f7. +m1“g
0
0 ®
Iw w ezm - W -Ru,v X RW’(), O‘F: w7
Owwz
Where {Si f sin oty
G = Cos Odjwi

4 (5% HEH 02 Hele 7 el A2 00 Ao] )
S S A A9 BE 4 O3 2ol A

ot g2l d vk} o] roll e ETE T2 Hig 0 2 M&E]7]

S Q1 ol ZAAE R 7]k AA|A 01 7] L 285

ool Aloi A e 2pedo] sh FofEtt. mbA QP Ao
71E A g2 (DA 2

—Rys; of i T Byc Ofyi

wTi = Wy (6)
WwTzi
of: - T
u; | wmere yr =" yl} ™
Wi WwTzi

olE {0} #H&A 7% 7T 2= F S ARl 2
eIt 4 8y E= 5 o

- 0T uwi _[Mm/ 0555 “1 ®)
oTw = | =~ |7
v O:Ewr 02><3 Mur
. 0T wi
Where T, =| -],
0L wi
R R2sic; 0 - Rc; 0
o= | Ay TmR [Lu,'*m A Lyt m, Ry
“ 1
0 0 0 0 7

23 AFEA 5%} 1YY

[Fig. 3101 BARE] Hho} o] 23 Aekslo] gt fre-o
U} g ale thewt et

5 d
C TC = + T + C - C 0
me.o ofitof,Tm.g mol ©)
01::0“%:21 i oTa X ofi T oT
A 90 m 2t L= 2R AN A B HHEO]
o, £, % ori The) o] 9 RS Agus v
2olct. oF HH19] yawztz sk Ao BRI 7HgetE d
v 21320 2 AiE] = odometry = AR 4= it} o] &
25k AFFA AR Ao 4] (1048 E@E
r,+d
. Ox‘.. _ 1 f+if+
08:. = 0?{6 = m, olJi m, oJrT9 (10)
Ozr‘
W= Ry ol 2, lors] X o % om
Where [ orq] % ofi = ot X of;
& BEIRACYS I St i o 2 el

42\t 9 2] g A 22t 4] (1)2H4) (12)2 Leld 5 9.

w0 Loy Ol (1)
m 3 X3 3 X2 C3><3 3X2 ur



286 w3:5ts) =2A) A21W A3 (2026.9)

@, = [L (12)

Where L = Ryo o, ([ oryi] % 03.00] + M)
Ru}sl(/l R“C7 0 - 0

M=\ R} Ry 0 ¢ 0

3

0 0o 0 0 1

3. O|xl A=l

3.1 QP A|o}7] 47

9P T Legway] 5918t 41 o 85] QPAIo17| 5 47
sp19Iet g AHBIAAES T 4 Ak WA 4 (8),
(11), (128 2ObA] QPAlo71] AFeh S 4] (133} o] T4t

- T

. T
_ T r T T T
= [ 0%Tw 0%y 08. 08. 6. . g] (13)

o1 X 73 A (73} A Wl Qe B 227HA] 24}
sfel 4] (14)9} o] ol4F 413 AehEAPY AL O ehyn
QPAIel71E 913t B8 4 (159} Lol ALY, o]
o} A2 mefstel Aokzro] ARt

Ty = A3+ By, (14)

— T
J= (zkﬂ_wref) Ay —
subject to Ib< u, < ub

@, )+ R, (15)

32 A0 =AY

HZEH 02 1049 vHF)-t}e] o] Halt 232 95t A
Y YT [Fig. 419 2} 25 FeFsAlo] ot 334
2253} 331 3| ALE, T ubF 9 x5} o] W yawHlaF
ol digt i ol S0l 29 QP #0175 53l 2 A 1t
5Bk TS AR o] & A4 E A HhE2 WBCS
off mE Pdo] B B2 Ak

Okﬂ_lﬁj&l'oﬁ_ou

4. N=20]d HS

]O}E] QP Aoj719] =24 L/gdat 712411 Ao =5
15}7] 213} Wheel Mode AT Q] Legway2] ZaF U
TEA %1\% Zﬂ.‘%* MATLAB A& AZ a5kt
[Fig. 5= 25 =419 725 % 314250 tigt +F
= WE}WE} 11]0}12] QP A|017]2} 7] LQR AJo17]= 2}

p

l‘_4
b

<
Ny

xref u ref
. i Joint
QP Jacobian Controller
N q,"Il_'
State 7Q J
Estimator /
Legway
WBC

[Fig. 4] Control framework of Legway in Wheel Mode.

(a) Forward Tracki (b) Body-Yaw Tracking Comparison

[Fig. 5] Numerical simulation results for body-state tracking: (a)
translational motion and (b) rotational motion.

(b) Wheel torque
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[Fig. 6] Numerical simulation results for disturbance: (a) x axis
regulation, (b) wheel torque and its limit, (c) vertical ground
reaction force and its bounds, and (d) horizontal ground reaction
force and friction limits.
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[Fig. 8] Gazebo validation of x-direction regulation with
bounded wheel torque under an external disturbance.
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[Fig. 9] Gazebo comparison of posture stabilization on
asymmetric terrain using the LQR with Cartesian PD force
control and proposed QP controllers.
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[Fig. 10] Gazebo validation of differential longitudinal wheel
displacement and crab steering
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