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Real-Time Self-Collision Avoidance Using RoBE for
Human-Friendly Robot

Fumi SETO**, Kazuhiro KOSUGE and Yasuhisa HIRATA

** Department of Bioengineering and Roboites, Tohoku University,
6-6-01 Aoba, Aramakiaza, Aoba-ku, Sendai shi, Miyagi, 980-8579 Japan

We have proposed a real-time self -collision avoidance control method for the robot which is
used for human robot cooperation. In this method, we represent the body of the robot by using
elastic elements referred to as “RoBE (Representation of Body by Elastic elements)”. In this paper,
especially, we consider task constraints and environmental constraints during the self-collision
avoidance motion, and propose two priority functions for robots to realize the several kinds of tasks
in an environment based on the force/moment applied by a human. By using this control algorithm,
we could apply the proposed control algorithm to any robot systems used for human-robot coopera-
tion. The proposed motion control algorithm is implemented in a human friendly robot, referred to
as “MR Helper”, and experiments are done for illustrating the validity of the proposed self-collision

avoidance motion.
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CEREED AR — M2 E T % B CE AR EF
ERET 5. BRI 2OEEFE AMgREaRy -
“MR Helper” ICi# U, ERETVEINZHEET 5.

2. RoBE #* AL \f-RHfE B & &R E £ HIH

AHiTld RoBE & W - I B D ZEELEFETF
e, ERoTRy MAEAT 5 FEOBEZERNRS.

2.1 RoBE (Representation of Body with Elastic
elements) RoBE & X[ 1 IT/RT & 5 HLERS
IR, FREAICHEMARE A I AEEER
(Elastic element) ZRW TRy MERZRIEMICE
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Fig. 1 Elastic Element

Joint Scgments

Moving Segments

(a) ()
Fig. 2 Dividing Robot into MS/JS
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(a)Arrangement of MS/JS (b)Placement of Control Point

Fig. 3 Setting of Control Points

Fig. 4 Force applied to Control Point

FIh b ¥ab—2OFLICED > TIRIC MS),
JS1, MSy, JSy, -+, JSp_1, MS, T 5.

fEEIEaRy b EITBICERECET S C L hn]
HETH 2N, vRy FOFETZEHEIICIIBO HH S
b1V VY LicERORERZEELTE2TOH
EENRFBET BT LIIARAIRETHS. D8, &
TR 3(b) IRT K 5T JS; DH SICHIE = i(CP)
BT S. 112U, i=nDE I MS, DIRIRDE,
ThbbIYCal—2DFEE—-KITBKSICCR
ZEET 3.
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DB Froigy € R ~NEE\ACERENZEDLT
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Bt E2EO & S ICENIcHIET 5.
F, avoid; = MAX'WOtdi +D iAXavoidg (1)
DX pvoidy = Xavoid; — X7 )]

M;, D; € R™ 13 CR DR FOEBRITHI, KK
HREITH, X c R 13 CR, O BOBREHHETH
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ZHEEOEHEDHENTHD, L=IxnThH5.
[ERRIC ARIA Ry M B80S Fruman, /KX L
T, CP DA S DEIEINCHETD  hil Xiuman, € R
ELUTFORERE DX S ICEHNICHIET 3.
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Alemam = Xhumam - Xid (4)
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[AXh,,ma,,l s DX pumany s+ * ,AXhuma,,"] T ERL BRDB.

UEETTHEOINTE Aoty AXpuman T HOLENLD
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0(a6,) = (ax? -JAX,)T w, (Ax4-JAK) (9)
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BIAERELES ELTWVWBREEZLNS. ZDOD L
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MC 52 B EETAZENL AG = [A), A8, -+ ,AO]T € R™
EUTOREZHANTRDS.

AG=a- Aemid, + (1 - a) * ABpuman, ®

TTT, a (0<a<l) B5EIRET S - DHOBEE
BETHh, HOEZEERDZOOEEE AfH L DOH
ERcEDS L BifE, EHEo08EET Ry FOEED
BEIC ENE I RMEEZDERETEHIEDTHS.
AT, UTOXEHANT a ZHRET 5.

n I
.2 ZFavoid}
o= i=1 j=1 (9)
n I n 1
2 2 Favaid} + z Z Bluman;
i=1j=1 i=1j=1

FREAVSBC LIcK D, BEEROERAZWE
il a=02&%40, TRy MIARD S OB
HOWEEERITS. BOEEOERIEESICDN
T o DELKEL Y, HOEREEEENRREN
AESVIAKEL RS, FhickD, KRS U
PR EOEREEATREL 2D, BIEMEDRE LD
BEZEOREMIEVECEREENRETE 5.

4. = B

41 ¥3Ial—vay RBEIT3aEHEZH
WTHOEZERZERT S C AN E S WHERT S
7z, TEHHEOSR=_Yal—XZHT3E /T
SV lL—RICBRERTAFEEEAL, SREM I
L—yarv®EiTof. COT7TBHER=_Eal—%L
IR SICRT &I 3 DN EZECE L Tz

vIal—vavERO—FIERK6ICRT. KFD
RANZ< =¥ 2 L—ROFRICMA S1OHE, FiE
BENSRANT 2 L—ROBIN— AR RITT 554
MEEPRYT. K6XkD, BRELEFEOBHICK >
TENRAITZE 2 L—RICBWTAHE & OaER
BT 5B EHEEREPREL, E5ICEREPICE
W EBICHVS N TOWERVEHBREZ O TARD
BENCESSEEEZMREL TNET LD TH 5.

(b)With Avoidance Control

Fig. 6 Simulation Result

Flh, A Ial—¥a3r Tld Intel Pentium
M(1.3GHz) Z## L7z PC ZHW A, TOPCICH
WTRERT % HOERERHEO 1 BFS ORI
M BB R RS- T A, #0.06[ms] & KD
btz TOFRED, HET S HOHERERIET
ER U EEEE, HEFMtELE L T 5 ARHHA
BoRy FOBERIC T ERAREETHHLEX 5.

42 EB  AH TN ) ICRENS ARG
IRy b “Mr Helper’ P2 VT, ARIE OB3AE
2ic i) % HOEREBRRZT> /2. MR Helper
BREAABHAN—RERT 4, RURT4ICRO
ohiz280 7 HHER=_Eal—% CHEETH
PA-10) hHEREhS. =¥ al—XDFEHIC
37N Y (Nitta 8 JR3 90M31) ASED 113 5
NTHH, ANEHSOBRENDOBRHICANENS. &
Tz, AERICBVWTIRTORBEA7Z VI AL 1HE
@ PC(CPU:Intel Pentium IV(2.4GHz)) % AL THB L
fz (U 7V v T A #H:512Hz).

Mr Helper i 13X 7(b) IC/RT &K 5 1C T8 RoBE %
AL, MrRHelper icB&8(EhT0Ev=_tal—X
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(a)Mr Helper (b)Mr Helper Applying RoBE

Fig. 7 MR Helper
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(a)Human Force applied at CP3 (b)Reaction Force at CP1
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Fig. 8 Force applied to Manipulator
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Fig. 9 Value of Priority “W”
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Fig. 10 Value of Priority “o”
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2[] 28.0[s] 32.0[s]

36.0[s] 40.0[s] 44.0s]

Fig. 11 Example of Experiment

OB CEZEERICBW T T oA THHELEXS.
Fir, BRBROBTZK11ITRT. 0.0[s] ~16.0[s] D
BITiE, Mr Helper i ARIDIIZ BIECHE>TF
EnEEZEE, AHOBEXICEIWERZTT>
TWa. LHL, 20.0[s] i< T Mr Helper O 1, 97%
bbb CPh BARFoICBAL, BOEEZEC IER
WEE el DI KD CP ICERE N, EBRREN
DEROEEREC T AINGETET, RBicET
AHOEZEBEAERETNTVS. EHICARD Mr
Helper DRF AR a L—ENEBEAL K5 58k
VENEMAFNT TSR, 20.0[s] ~28.0[s] Ti¥, B
ZEC WV BN TWRWRTER CF L7 Z VT Mr
Helper A8 ARiIA 5 DEIESIC B DT BEZ ki L
TWa. UL 28.0[s] TidmRy bORilE, 74%b
5 CPLRTFAICHEEL, HOEREEZRT THERAE
¥ 5727281 CP A T CRICBVTERSIDRE
L, #ifisZhl EEOERERT 3 AMNESE T,
COMICBVTHHOERERARHEIN TS, &
5 NEIDMRIE 2 N2 Bi0 15558, MR Helper OF
%, Thobb cp HVEE L TEIFEEHERMEL,
32.0[s] TR aL—R2REHOIZRT 1 D
XN EXFWENERIN VS, TTTABRESIC MR
Helper DFFACHRFNZIMA TV AA, 32.0[s) TRS
NAL RIS Ca L—RIEHEY, £TORIE
HICBOWTHOEHEDNERE N TV, BEN ZEE
D5E 7%, ANEDBEHEEMRTSAM, $hbb
B o @izex ekt d % AN\ J1Z2 X 7z 36.0[s] ~ 44.0[s]
TlE, BUANBIOBRENCE DK EHEZERLTWS.
AER TR IIEEHERAET SV Kal—2%ZH
Weh, TEBHERZEIRVIYEal—XiBW»
THLRETZFERERATACLICKD, BENE
HEREYICAVWTECEHZRZEE L DD, ABHS
ORENICE DI IERRET A ENTRETH 5.

5. % B

ARG TlE RoBE % i\ z B S ZREREHIEIC BV T,
ANEBIER TR Y b AT LRI HTRED DI
FEPICBOT S BOERERD TR, —REEA
T % H O EZEELEEES “Mr Helper” ICEA L, FER
BT T EIC K> TEDEMEZHER L.

Fiz, BRLUETFRERIBIN—ADOEEZZTOT
ATLHEANAETHS. ZOB, BE—IAHhb
BT kick bRy b OEBOEHEMSENCILN B T
», BAGERBEENERTTRETH S LEZLNS.
ZDi, EERARPEREL SR BHRIGUTE
D& S ICBRERETLEY, RIS Uiy &k EE
BERERT AHODSROFEL LTHETLNS.
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