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Bidirectional RRT algorithm based grasping
manipulation of humanoid robots
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Abstract: To realize grasping manipulation effectively in practical application, whole-body motion planning
should be designed for humanoid robots. Thus, degrees of freedom of all the joints in humanoid robots,
and constraints of robots, environment and the physical characteristics of grasped objects should be taken
into consideration. To solve the problems including multi degrees of freedom and complex constraints, a
new planning method is designed by using bidirectional RRT algorithm. After receiving stable double-leg
configurations and the list of grasping hand’s poses, the bidirectional RRT algorithm is adopted to realize
the whole-body motion planning for humanoid robots. Some experiments are conducted to make a NAQO
humanoid robot to open a drawer, enables to open a drawer in the presence of obstacles, and open a drawer

for taking an object, and close the drawer. The results indicate that the whole-body motion planning with
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bidirectional RRT algorithm is effective in achieving the grasping manipulation of humanoid robots.

Key words: humanoid robot; whole-body motion planning; grasp; rapidly-exploring random trees (RRTs) ;
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Fig. 1 Bidirectional RRT algorithm
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Fig.2 Example of a tree expansion step

K 100 PRI B EA R EE A AR B AR 2 .
#ix 1.1 RRT_Connect(Pyar s Pend » Ns_wholebody,
n._wholebody, handpos)
<[ Patare L 0] s Patare [ 1150, "left”, n, wholebody ]
<[ Perd [ 0] pena [ 1]+ length Chandpos) — 1, ’ right ”,

n._wholebody |
Tree a. init(n,) ; Tree b. init(n.) ;
for i=0 to 100 do

Guand <<-—DS DATABASE [ randint(0,database len—1) ]
flag<C-—EXTEND(Tree a, g s handpos, 0)
if (flag="reached") then
return PATH(Tree a, Tree b)
if not (flag="trapped") then
if(EXTEND(Tree b, Tree a[ length(Tree a)—1][0],
handpos, 1) ="reached") then
return PATH(Tree a, Tree b)
[Tree a, Tree b ]<<-—SWAP(Tree a, Tree b)
return “path failure”
&3k 1.2 EXTEND(Trees qu » handpos, flag) [ Nue »

Ay bj 1< FIND_NEAREST NEIGHBOR(Tree q)
Gnew<—NEW_CONFIG(q, » nnear[ 0 ])
make NAO move from current configuration to gnew
if double_support(NAO) ="rleg success” then

tree_flag=Tree[ 0][ 3]
if (tree flag =7eft) then
number<Z-—nye.[ 2 ]+1
else
number<<-—nye.[ 2 ]—1
poshand<Z-— handpos|[ number |
if gen_arm(poshand) ="rarm success" then
sensorAngles<{-—getcurrentbodyangle(NAO)
Noew <<-— [ Qnews poshand, number, n,.. _ bj,
sensorAngles |
Tree. add(nye)
if (flag==1 and n,w[ 2 ]==n,4[2])
or (flag==1 and tree_flag= ='right and ny.
[2]—nu[2]==D
or (flag==1 and tree_flag= ="left’ and nue.[ 2]
—n[2]==—1)
or (tree_ flag= ='"right and n,..,[ 2]==0)
or ((tree flag= ="left’ and n, [2]= = len
(handpos) —1) ) then
return "reached”
else
return "advanced"
else

return “trapped”
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else

return “trapped”
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Fig. 3 Generation of the stable double-leg configuration
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Fig. 4 Generation of the right arm configuration



16 T EAFHARKF FR

# 46 %

wrswyswz) s TR EERH S T X, (z,
Vaawxswy, wz) P (x, v, DR E, (wrs wy,

1ot R = Ry (wz )Ry (wy)Ry (ww) =

c(uz) —sluz) 0 c(wy)
{s‘(wz) c(uz) 0 ] { 0
0 0 1 — s(wy)
c(u)e(wy)  clur)s(wy)s(ur) — s(uz)c(wr)
[s(uz)c(wy) sCwr)sCwy) s(wr) + c(wz) e (wr)
— s(wy) c(wy)s(wr)

KA, sCwa) & sin (o) B EAL, ¢ (wx) /& cos(wa)

B a1 Ak HA T Ak 2 2 TR 38, DT 35845 3 280
oot T
TR P
5mT:[“ } (5)

0 1
L, P=[z.y.2]".
(D Foua 78 Fuoo 8245 R RIA (27,
v 27w’ wy’ s wz’)
BTSRRI & 2 A4 I8 A F oo A X T
Froo IR S0 T TA SR G 1A B F o M T
F oo 07 S S0 T
T = G ooy T (6)
F X (5) AT AT T e o B kg 5r S R R v ) 3 X3
JUE U PR A
SR = G 3¢5 (D
5 R A

mn iz T3
TR = |1y 1y 1 (8

31 T2 T33
AT A3 SR X R F B (wa” s wy” s wz ") Fam
VY
wy = Atan2(—ry, /r5 +r)
wr’ = Atan2 (s /cwy s /cwy’) €D
wr’ = AtanZ(rgz/cwy',rg;;/cwy')J
A Atan2 Gy, ) & — P SAR 2 1 J E ) R g 8
/AvFrh;de Floo ﬁé*ﬂ_‘% EF' E‘J{j%ﬂ‘j (z7, y’ , 27,
wx’,wy’ swz’).
(D34 right arm (7 fE
K 2 B2 K A5 2 right arm i JE .
Bu1 50,2 403 50u1 4045 +0.6) = [0y 2 v’ swy swr’)
(10)
LU NS ' I 5] e NG < K V| A 4
EAQIDER 3

c(wy)

w) [RREAE. HBRAIAA (wars wy, we) A 515 3]
JRHFEHER DR :

sCwy) 1 0 0
0 ]{O c(uwr) —s(wr) }—

0 sCwx)

c(wr)s(wy)cCur) + s(wz) sCur)

c(wr)

sCwz)s(wy) c(wr) — c(wr) s(wr)

c(wy)e(wr)

] 4
2.4 right hand BRI B IRIFE K

right hand (%32 sl 32 2 P58 19 29 B DL Kbk
PHOG G Y PR I 2R, T B e 4 4 55 h
A BERFYIET el 4 B right hand #4722 EK 4.
2.4.1 MEEPARERY)

MR TP BRI BT  ZE T R R b L R 2k
i right hand SR & ARl fE. b T 7F = 4825 [1H]
A A Y AR 05 AR SCR T W] RRT 5k,
55 1R RRT 8k, A8 R 2 18 45y
BLAS N ST 25 (] 5 die 2 A 1) A 3806 A8 9 1 B A2
ROJE NAO ) 26 X AEFY. BT DS _
DATABASE 54~ 0 2 S XURR R 22 B (1 462 TE
B 18 AN A AR, R L R =5 (R oy 18 4. 7 2. 2
TR R RRT Bk rh, 55 B USRS € 47 JF 1) 2
fih b BhaSAE A B A A 8 2 B AE, /) 26
AT A AR, IR b B 2 A P A R A 1) A
g NAO 1 26 K1 AT I A SCRAB
RRT Bk R 2 (8] = 4E 23 0], e 24 A 5L
BEAR I B BEAR SN (25 s 2)  FIR right hand 1
7. PEOAEPUGE 2 vp R 2R right hand fr
Ak B A7 AR B ) T Ak DXk R ) R L O T R
right hand BT LH, BT LLILAL R ) RRT
R R A AR E P X KRS E A
(0,0,0). LTI RIALZ AT, T TH o (3 R )34 1 Ak
o L) RRT Bk ey Az gl fo e A%

5 B THIAR AL B R 4R A 2k A B A
Tree a.Tree b, HUR, AL = 4E 48 & 25 [A] R A
B Qrand s AT Qrand NEFERFYI 2 AP AR
HF| Tree a FHEES ¢ rana T T AY A Guear s 21K step R
Lo A8 Guew s HEHE Quew T Goear. A7 IRIELA 5 BEATY)
FEA W greo B KF X SUMAE] Tree a 1, If 4544
5 Tree a. last. 35 7€ Tree b F, 3B BE B Tree
a. last Bl B 1 Quear » B EZR IR BE/NTF 0. 02m, H



% 14

B Faé RRT £k 6945 AR5 AIRIBRAE 17

LR AN 5 B A il W) RV Ak Tree a.
Tree b LA BL—RRA o 25 A RO AR. AN 2 T
A5 Tree a, Tree b 384, fe ) » HEA T — R %
R, BB AR AR k.

KA RRT Bk oA s i 2 5 e 2
STZEEAR A I ERE AR i R B 5
7. 5 SR A RRT 83k A Bl 1 642 ok 5 971
(0,1,2,3,4,5,6,7,8). B Hh i 0 VERHIGR 5.
MO HA &R, EL 01 WA I EBY X ;KRG
PR 0 55 2 i L 02 1% & at B S IX
B PRSI R AR HREL L L R . A B
S5 Ia— A~ AAHE. |5 LB 06 L FERSY)
Lk 05 W2 BEAF 4. MPKE 5 0 505 5 FanZkis
e LK 5 VE R R o5, 5 E 20 M R
RTINS 58 W LT BT SR IEHE A 5 5N
8 HAmLR Rz F4(0,5,8) A —RIEICIE 2 By iK%
1. e BOAR R] B 7 AT R AR TR0 (0,5, 8)
AR, T2 T I A E R B P 911 (0,5,
8).

5 BEREEREE
Fig. 5 Smoothing path
2.4.2 WA Ay fih e
YBATUR ) o il Jat 15 L right hand #9037 22 52 3|
il Je (%) Wy B AR PR 1 29 5, right hand 112 LS K
B, MK 6 FTs. JP Choshyyoeeee s b)) N right
hand 07 2 FEAR. IX B ho s hy s eeeee shie HF pana 75
Fro BIR RPN (2, y, 2, wx,wyswz). & ho
TE Froo AR RPN LR (2535 2,0,0,0), ] Ay £
F oo AR R T (2 —0. 01 % £y y,2,0,0,0) s
(k=0,1,2, ).
2.4.3 WA R 5 IR (B F4)D
MPEINECY o K e, B IE bk, HE
right hand UK 5 (AR BS (14)47 28 5 4 7 1R B (1) fof
B — U SR IR, AU &I 4R B 2 AT
U 2 6 325 AN X 8 A~ 12 Bl it B A T R I8 4
right hand 7£32 gl 33 F2 H A] B8 2 flf 48 24 5 {4, f
KT AR 7 B 0%, SO0 52 BRI, Rt AE
IR 32 3l i B T3 SR 55 BEXT right hand 12

6 FFHBEHHPUERRERTEER
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Fig. 8 The whole-body configuration changes

when NAO opens a drawer
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