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Generation of Door Opening Motionin a Simulated Mobile Manipulator by Bayesian Optimization
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We propose a new method for solving the learning problem in the door opening task based on
Bayesian optimization. The method is evaluated in a simulation of a door with rotating handle and an
omnidirectional mobile robot with two 6-DoF manipulators. In this method, the objective function of
Bayesian optimization runs a simulation where the robot attempts to open the door by moving the grip
in a direction indicated by a five-dimension problem space. The value of the objective function is the
time until the robot encounters forces or torques above a certain threshold. The results indicate that
learning the sequence of movements necessary to open a door requires no more than 15 trials for each

movement.
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Fig.2: Kinematic diagram of the door. The initial pose
is represented as RGB axes at the end of the handle.
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Manipulators

Fig.3:
ble active caster assembly and two 6-DoF manipulators.

Kinematic diagram of the robot with a dou-

Inverse kinematics is achieved by applying forces and
torques from virtual springs iteratively [6].
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Fig.4: Each joint controller in the manipulator has two

feedback loops: An inner PID and an outer trapezoidal
speed profile.

RITDOMILITIRT, FXICOHERIBIIES XN -1 205 +1
Ol F 5. ZOMERIZ, 3 RITEEMICEBT Bl & [FlEED 6 XX
TR LT, R7H60 RIS o - B HEENCHEY 32 1 Xt
W2 5 ROCTH S.

NA R TIE, BB c= (c1,...,c5) € [-1,1]° T
S 2PEERRD XS ICRET 2. ¢, MEPHEREZEA, 1
Ry FREOHMNMLBEIAAEZRT. a1 & e i, WHEXRT T
NEERTDHEMIRNDEERT. c3 & ey DFEIKRIC, [OlHREZ
EFRT D, FREOREILRAIE » B8, T RAERES
w = 0.15m 12, HAFEIEZ 180° ICEE L TERINS. 5 &
Wiy FEEDHERERTEL s = -1 BRHIMMEDA, T =1
B OMOBRDAERT.

RICEMEEBIGAL, 27V v TEOEAZE po 205 LEEOFHD
XS c TEBRIN AN BT E CHIT 2. AMEIXERE R,
[E#51% SLERP (Spherical-Linear #fiff]) THIET 3. = DXL
WCEES 2 FTOREE, 435, vRy FOflfHOMIZ,
Nt by OHEEE=XL, TDO/NVLZBIEY
BT 5. BB S - P sk U HRIBOBIEZ 2SS 5 %
TOREEMREEZ MEHEETORM] t. £ 3%, e b2 ORME
BEBXNTED, ATOERBROFITCRITHME T XN
DTH3. HNBEROMEE, HET2ETORMEE T 5.

NS REGELDSET 1, FRXN-RELEETD 5> —E
T2l —a VETW, HEEDZY v —DONE & BB E S
T5. ZOZRE, L LOFELEONBORIIDEEIDTH 5.
N4 B, LIRD 2 DDENERWT, HEOBKID T
BOIRLIFATEIN G, F—IZ, BHROBRYIONE & ZBIRED
EODME L ERA Y T5. B2, a2 NEBOHEE 2 ET.
& (tp =5) 1, 7'V v X=DEX0BDTIE#RL, RUIDEK
ER DPFALRBIE O FRITEA XN 3. Ldi- T, frh
TR R 7 DAL TV A BRSNS L, t, =0k 5.

Jo=—tc+1p (1)

2 DOLAK D HEEZ, SO(4) EDWPUITEE VTRl ZE
cLTCEtREEN S [1). ZomEEBEENE, 3 KoTomIfkZE#IcH
M2 A RTOBEREEZ B 2212k D, 3 XKoo L [z
4 RTEDEFRIC— AL T 2D DTH 5. KEBRTIZ, BEROEE
1X0.1m TH 5. FREHEHTORBRICDH 2 —HOLEZ, KB
DRI & > TRIEIIZ 2V v 7O EERLTWS. K7
SERITBIWIRREICEE L2 T, BRy b R 7B EIEDR
SETLRCHEL, T35,

5 YZXal—>3y

BRI 2 Rl EWEFER G ELZ S I 2 —Y a3 YigBw
THEE L 7=, R OMEEE RSN L7z, 1 B0 57
H# 15 Bl BBEEGTHIE T, Fo U LOMRT R 725 Z
CITHINT B 2 e BRI L. R 7 BB B DI EE IR RIS
DR, MoFEBTDIZ2~3, R7EFLDIC3~4 ¥, BX
Z 6 THolz. Fig. 6 1TRT &I, BHBEELHITEEL
DIRT e TRAZELNTVS Zedbh b, BIfEEROMT
% Fig. 5ORT. F72HDIRETORYOLE (a), BF
% AR X B 28(E (b) RO K7 2 [E#E X & 28 (c) 28T, —
WO R 7BTEENRRINTWS Z e AERTE 5. (c) T,
WFEEERICE D R0y Zh%h, BEND LITOKFELREIC
RoTWwWa. (d)bayesopt() TlX, #iBHRICEID 72 KD
IR B AFAANOEEEZHITL T2 Z L DR TE 5.

No. 23-4 Proceedings of the 2023 JSME Conference on Robotics and Mechatronics, Nagoya, Japan, June 28-July 1, 2023
2A2-E12(2)



(a) Initial pose (b) Handle rotated

(¢) Door partially open (d) Trial

Fig.5: Screenshot of simulation during experiment. The robot is following the trajectory discovered in previous sections

(light blue) to position the gripper at the initial pose (RGB short axes) for exploration in the direction indicated by

Bayesian optimization (RGB long axes).

Algorithm 1: Acquisition of opening trajectory

initialization;

while door not open do

for i + 1 to 15 do // bayesopt()

run acquisition function;

/* Objective function */
convert [—1,1]5 to pose direction;

follow previous sections in simulator;

follow pose direction in simulator;

return time to collision;

simulate best estimated pose direction;

| append pose to trajectory as section;
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