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Human-like manipulation planning for articulated manipulator

GAN Ya-huif, DAI Xian-zhong, LU Zhi-yuan
(School of Automation, Southeast University, Nanjing Jiangsu 210096, China;

Key Lab of Measurement and Control of Complex Systems of Engineering, Ministry of Education, Nanjing Jiangsu 210096, China)

Abstract: In planning the operation configuration for an articulated manipulator, we propose a novel method which
combines the concept of human-like assessment and the velocity transmission ratio. By this method of planning, the
manipulator can perform operations most similar to the operations of a human arm, with maximal velocity transmission ratio
at its end-effector. The criterion of the rapid upper limb assessment (RULA) which is widely used in applied ergonomics has
been adopted to divide the robot operation configuration space into different subregions, in which the velocity transmission
ratio of the manipulator along a specified direction is maximized. Then, the final planning result which satisfies the task
requirements with the most human-like operations is determined. Illustrative examples of this method applied to a 2 degrees
of freedom (DOF) planar robot and a 7-DOF humanoid arm validate its effectiveness.

Key words: manipulation planning; human-like; rapid upper limb assessment; applied ergonomics; velocity transmis-

sion ratio

1 5|5 (Introduction)

PG R gs N R AR R ) F, 503 2 LA
AR TR0 J R 4 SR RE % B AT 45 SRk O H b, Tl
HWATODHLE NFIRE UL s sh R 2 B/ a A
KIHIHEE 5 N AL XA F X — W5 R, A
SCEAEM R H BRSO R X O R LA
N IHEEAE R TR X T 1, 1% 07 1 B K Y 552 RE 1%
PRUE AL 45 S B AT LA N A S i 45 2 7 1) de KR A%
O, R IRV E AL 7R 55 N (R B VR I 5 b A AL

KT TRIBLAF N AN A A TR ) () A7 AE
] BN TS 5 e niLEs NBh T N AR 115
HU3DWE AR AT I, #5T ZEHL A A 32 Bl 1R
R AT e v R S 11 55 A ARBL IR o5 4K, B
T | AR IR AR HAR LL AN T2 e 45 ) S s 1)

Wk H 393: 2012—10—12; g ik H 91: 2013—01—16.
T3 1% /f:# . E-mail: ganyahui@yeah.net.

K, HLEs AR BEALREFE AN A LR ) 24t
B 7RO S, BRI L N AR T 5 3K
FEIIREE R, ORI 2 P a8 A2 55 25 A8 B
PERERE . FENE AR AL i3, AR
XA IIAT 0 LU S PR m AT 3 2 T A
G, T AT B0 ) 2 g R A B AN 2
X4 AN S L AU R R SN . AE
NG AR TR R R, R HLAs A3l 4
5NV 138 2R mAFAE BRI, it 5 D )
VEF IR AR B, BRI Flun B &, H
XTI B A B T s LA R 55 PRI ALES N, RIMEAL
AN KIS LE B RENS 58 R AT 55, HAENSEE K
st PSR IAT A (R U R AN RERR 2 ). IX L8N
FEASAENLAS A\ IR R A A RO R T R v, 25 R Rl &5

F4TH: FF ARBFEIE S BIIE 61175113); F X mH R R BRI B350 H (2006AA040402, 2007AA041703, 2009AA043903-1-1);
T 9048 R SR B 40 %% BH T3 H (BA2007058); YT 9044 % 5 o A F 95 A BHF A3 1813 BT H (CX10B_076Z); ZFE K440 75 i 12

AL R BRI H



550 E i/ o

5 M 30 %

REARUNEE SR HLES AT A FE R A A
AR ] 1) R
2 3CHR[E]JEI(Literature review)

LA, FEZ 1T B as N RA NS5 4 A R R &)
] L, (6P AR L TV 2 E 9. AR X e S, Bt
U L E AL N BB AE, X NRTFE s 5)
R S AE ML NSl as i st b B 2R
SR Bk, R PR R AR PO B
28 NP ARLN B AE L) TR R K] e 0 — e i A TR 11
7k, i —Fhe ORI I vk

RS TR vk, — S e — B
BeF RO IR N WIS shEE . 124 K1k, AA$E
H TV 2 HCEEEIRR IR N E T s sl . X
MR (L3R T — PP e 40l 57 B8 1% 5 v R sl HL 2%
N I LI H ML FE AR S A P38 B A s 57 AR i
RERUN (AR BRI 5T, 2 LT aR “957 7 i, R4
S AT S 55 R AN = T AL, DA R AR Ay
NFRHIAT A SCHR 2148 tH — 3 115 5 AH S il
VEI B /N7 ZERE . FEAZ MR | PR REFE bR LN
Ik — B 0] 3z 3l 1 1 347 B P 5 22, HLas Al
AT B B 7 25 R A9 B B A . SCk (31472
TPl s R e B, R IR R IRLA
W 4 R SE ML 28 NIz sl 1 H AR, B T K240
TUAR H H ENLES N RS L2 8 5 e A7 A
FNFT Sk ) SCHk (41 48 7 — Pt itk i A
O3 RN A T 13 s S B G, 1% A LG AT
LI I A R 1) 5 S5 28280, 9 L AT DA 2 1 T e MK
W ST N, SCHIE A T IR PR A TR 4
FHAH R (1) S50 5 5. SCHik (518t — PP s T2 75 30
BN IMLEs AR TR 48 vk, Wik @ A5 1
Fe¥ 22 55 LA N R i R $0L 90 5 —BH JE 1% Bk
K, PRAEALES NI B LR 2 A L 12 8 Eh s g, 3¢
R (6153471 T NANHCGE D AR R S VERE I, LU I g
PR S INFI IR B ARk e/ g H R RPN
FERRL, SRR (7188 T — P H Tk MR T2 5)
P R B A AR T 3 T N A A R R AR TR 1 is
B R, TR AT AR 3R T B BN T ) SR, 4
AR A 3 3k g 8 TR ALSR A LA B T B AR
KH T A3 T & X vk, e 12 a1
DX AE T A AR RN BE $5 bR 16 22 5.

TETCRERL ki, T RIBLER N nT DU A A
FHEEE, B2 MR EEZXAE TR ANTE iz
R R 7 A R SCHR 81 4E T — /AN
HL#F N ARMAR-IIISE BN 45 15 R 1 1 2 90 07 7%,
ARG SR O — MBS B AL (1 B e, A
BLAS N TAE 75 T6) o Jr A 40 4k () 3DAR B TP L 25 A9
U 28 (3D AL, SCHR (914 37 T — i H TR AEHL A
NTE B RCREAE DR AT 55 R e 7Y ) 1%

TIVETRSEAEAE T 53 3 NN TR0 A8 A0 AR JE A i ik
IR EAT 25 K. Sk (1014938 T —Fhh & did -
JRCPEA VI P 52 BR AT HL 2 N B A 8 0 3, ik m]
DA 50 25 1 v 2 SE AL A B3 A g 2R
Rl PR b DA R U — T N AR TR 2
F T PPAl N TR 225 10 1 AROMIET 38 R A v 0. 3
Wk (1138 2 75— SRR IE B R ek B A
NIz 5), Hlas N iz g e ool T i sr 2 #rik
M I BB H A P ok — ANt adsk T
P AL S TV U P 5l 2, o — S Rl sk A xR &%
(R VE R 2. SCHR [121R FH — P ik T 240 5%
AR )7 25 2] S S BN NI N E 3). 1% 05 3
Lo AN DB B N TR s sh AT B 5
2, B ST R R AL a8 N SL T — A Hdls
J; B5220 & M A 27 o i R v J o 9 Ak v B A 2
R B30 A S I A B AT U P ) T a3l 3
BR (131048 1 —Fhml AR (5 N2RAT N B L s A5y
AUk, TXFATLBR U OO0 )38 ] 51, Sl Py AT
HL ] ARG S iz sk A2 B SRS iz 3).

JUE NATIFR Y T VR 22 i DAL 35 A g R 0] 1)
R T3 %, AR ST SRAFAE VR 2 M A i TR 1)
le) .y HL, A b R B U5k, JEANRECRUE T AT
AR 5 R Wl AR AN R P SR o0 TR T
R J7 v, B SR RS Hh () N AT A A A X ).
T G AR PR R 792 SCAN BE 2 ) A WO Ao R el 45
R A LR P VE S Gk, S —
FoBT BIBL RS AL ARAE fy YRR 7925, 279K
y o B ppr S QAR TR PN S (R AREN UL VYN 2
RIECA AR RS A 43 21 B AT LA N R S dT 5
ALK SN E ST PNINE I (AR IRIELE
3 LA AR B PEAT 45 bR (Configuration as-

sessment for articulated robot)

3.1 #:4F £ (Manipulability measurement)

AR R )2 H T 8 VP AL AN AE S E 12
AR R S A RE ). R T PAn B H RE SR Y
B N B, A AHERAE B E . Blas RS- At
MO;(i = 1,--- ,n)FoR, AT AT (O), © =
(01 - 0,]T. SCHR (14145 HHLES NAER R D O (1)
BAR L E X

w = +/det J(©)JT(6). (1)

By R =AU IS YN N VA WAE A At
MG RERE. IERAEFE )& SORT, BLg BT DLTHSH
HLas N d FE PR AL 2.

3.2 WA J7 ) ) E 4E B (Directional manipula-
bility measurement)

W7 RED)SE SCHIERAE B2 2 55 Bl s N K i )32 3
Ti W Je R, AN, 7ESEbr B A b, B tnblas N 2E4T




553

LIRS EET IR YN PN 2 (B ARiEb SR 4] 551

AR B AR I I, 58 AT % 50 3 M0 2 AR (1032 B
P58 7 T AR AR O S RS R, 5 B4Rt — Pl A
1 i P R4 1 FE (A 5.

SCHR (15148 T e o 3 (1 MR 2, A3 R 2 46
TEAILSS A AT P () — AN SEbR. A T HLI A —
YA, AT 4523 1) PSR FEAE 7 1), AL A
YL 12 B 7 B e AR R AN, IS A XA Ty
) 35 2 A 3000 28 B K 1R 7 1. A 3k K R ok
VT2 BB A A S FEE 1 SR K, LN LS A K
St B LA R, 1T A0 26 B R LS AR
St R B () i L, BRI L B8 AR S S (A B L
RS

HLES A AEAT T YA () e P 4 T LA — A
WHERHEIA. Lhn B i DG 1T BOHL38 At a5 AE B
(i = 1, ,n) TR, BT LLAERE KT (0), O =
[0y -+ 0,7, SCHR[15)4 HOH BERER 1) 2 X

&'[J(0)JT ()& < 1, 2)

bz = (zy,--- wn) " AAES 2 W7 1 ) &L K1
2 T WL NAERE 235 P I A ER.

Pl 1 T SEAER AT 7 [ e
Fig. 1 Velocity ellipsoid and transmission ratio along a vector
Wi, 5 XM BB LW 45 5 11 1) U S
PR R 2 o W5 5 7 M U AR R, oy o5
2 0151y
TOVM = a = {U"[J(©)J"(O)]"'U} 2. (3)

b5 O AR, WA R s R4 F T R ER U S 5E
wr:
F'lJ(0)J (O)]F <1, )
o FRAT 45 2 1) v i T SUPE FH g i) 4, () Eml LA
EUEE J7 U 4% 3 251051y
TOFM = 8 = {U"[J(©)JT(O)U} . (5)

ANTLIEE TTREG) TR I AR S T A A O R R e
i) 7L 1) 1 RE R . 6 L84 ] g R i (K A
155, thn] LICREALES AR S PR A% 3 R A D A AR 1)
AL PERETE AR

3.3 R BJR PR PEAL #E I (Rapid upper limb as-
sessment evaluation criterion)

L, AR NPT EIZZ) 802 DA mik
e AEALAS NS, BIF70 0 A A N
B AE SEELAS HLAS A s shda il N AR TR 2
TS S AL . A RE ) R LA BR (1Y
¥, NR TR i A 0 N AR TR 138 3R (R 5T
AT TR SRS N T N TR S ) vkl
4.

A ST A N N A TR 27 v (R PR R DA
(rapid upper limb assessment, RULA)#E NI KA AL 745
N H R AL FE . RUL A IUAR 4f A 7] 1) 3 3806)
NARNLP & # R G0 A2 1 s D Kk AT V4, VRO 1)
G /N, ARSI 2 48 55 F TS M), & 3 R
S TS H AR AL R R BRI, DR A
SCBGE DL N A IR AR A ABL 9% 557 BLA, R
RULA?HE AT B 25 A AS ] R 48 B B8R AT 1728, BAIHoR
F B AL R S

AL A B N FHRULAME : 25128 4
BLES N A5 A [l A B GEAT FB P43, S220
P — B WPE 85 R, A HLAE N BE A4 () Ry B gt 7 —
ANPESF . SCHER[16]1TE 42 7 RULATHE I () — ik
AEAR BT 7. AR a5 A — AP T2
1 FH LA A3k — 20 U IRUL AR £EHL 38 A #1E
Py B ik Rt v ()48 O v
4 LN AE 8 BB Kl ik #2 (Human-like ma-

nipulation planning procedure)

A SCHE IR0 G LA N IR AL B A 4 2R
BN J7 15, ¥ LARULA A #E W R L 2% A B 4Bl A
PEAL I B B LAWL S AR S 5 45 5 J7 In) 1) A% 403 42
(TOVM) A H BRI SR BEAH B4 . 55128, AR
PERULAAE N Z5 A28 N &S5 70 AN R 288 B AT F
P i nS i B R o | NG S AN ATS
ALV, SB30, MR VP R LA A d Y
AR 3 AR () 125 18] 25458, DIAL s 2 4 1
RedR bR, % IEALAS AR K 1E H ) AT 44, fehlas
N A6 2 72 (R EAT D0 AA 0] R PR SR SRt ik A
RULA VE 73 731 5 /> 1R 225 1) B PE 73 40 5 K I 1
IR AT . HLAE AR i ()4 FH 3 20 R 4 A o
FCERAVEAE S5 IR o 45 . 245 H THLES A
PRAE R BRI () BE AR,

PAn [ EH () DG 15 B 28 N A 91, OQ 15 48 5 FH O,
(i = 1,--- ,n) X, WAL R J(O), 6 =
6, -+ 6,])T. O APLE NI, O, C
R™. 4 TR 1611775, # O MKIERULATG 53 A
[F4 53 R KA 2% 16, ik ok

O.=0,U0;y---UOk, O,N0;=2,Yi#j. (6)



552 wom o5 N H

%30 %

i

1<K?

1=}
E

AR5k AR A
THENLE NI B IR S LA

ElxERA

2 AN ERAE R R R i

Fig. 2 Human-like manipulation planning procedure
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Table 2 Planing results along different direction

uT ef TOVM(©;) ©F TOVM(O»)
(?,?) (135,0)  2.2363  (20,100)  0.8251
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(0.6,0.8) (143.13,0) 2.2363  (20,100)  0.7626

(1,0)  (90,0) 22363 (20,96.28)  1.4935
(0.6,—0.8) (36.87,0)  2.2363 (—0.08,60) 1.9501
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Table 3 Planing results for different desired force
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Fig. 9 Photograph of SDA10D robot and the kinematic model
of its right arm
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Table 4 Denavit-Hartenberg parameters for
right arm of SDA10D robot.
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E 603 —90° 0 360 —170° ~170°
U 64 90° 0 0 —135° ~135°
R 05 —90° 0 360 —180° ~180°
B 0 90° 0 0 —110° ~110°
T 6; 0° 0 155 —180° ~180°
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P BRI S 6. B SR AL A N TR 16 % 3 0y 4%
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Table 5 Planing results along different motion directions for right arm of SDA10D robot

Ut (Fy)T (Fmax(0))" et TOVM(O) 134%
(1,0,0) (0,0,0) (79.23,4.01,-77.36)  (—16.03,90, 90, 100, —90, 0, 0) 0.7750 1
(1,0,0) (100,0,0)  (100,222.14, —78.69) (20,90, 90,89.26, —90,0,0) 0.4522 1
(1,0,0) (300,0,0)  (300,177.16, —90.88)  (—20, 90,90, 66.50, —90, 60, 0) 0.2429 2
(1,0,0) (0,400,0)  (302.17,400, —52.39) (20,90, 90, 43.14, —90, 15, 0) 0.2104 2
(1,0,0) (400,0,0) (400, —9.93,330.32) (45,90, 90, 148.49, —90, 60, 0) 0.2254 3

(0.6,0.64,0.48)  (0,0,0) (84.48,5.92, 33.48) (20, 90, 90, 100, —90, 0, 0) 0.3992 1
(0.6,0.64,0.48)  (100,0,0) (100,222.14, —78.69)  (—16.03,90, 90,100, —90,0, 0) 0.2867 1
(0.6,0.64,0.48)  (200,0,0)  (200,183.79, —75.05)  (—20,90, 90, 78.86, —90,0,0) 0.2496 1
(0.6,0.64,0.48)  (400,0,0)  (400,143.31,—43.05)  (—20,90, 90, 51.66, —90, 15, 0) 0.2150 2
(0.6,0.64,0.48)  (0,400,0) (—333.26,400,30.88) (20,0,119.73,95.07, —90, 0, 0) 0.7617 2
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