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Abstract : In the social context of aging and shortage of workforce at manufacturing sectors, we are developing
“Skill-Assist Light,” an assist system for transporting heavyweight products. The phase-dependent impedance
control, which is a control method to change the mechanical impedance according to the transport task phases
such as start-up, moving, and positioning, has been proposed and reported to improve the assist performance
in the previous studies on power assist devices. In this study, an operational-phase-identification method using
continious Hidden Markov Models for phase-dependent impedance controls is newly proposed, and demonstrated
in real-time transporting operations. Firstly, the real-time phase identifying algorithm using HMM was studied.
Second, the HMM model was built by training the transport experiment data. Finally, the real-time phase
identification was performed in subject experiments, and the validity of the proposed method was demonstrated.

1. &S

HEEEN TREZI1E T & 3 2 HEEGROELESE T,
EEE D ER L HBN R EPMEE 2> TW5b. 22T,
g U7/EEE TH > THHO DR L 7-5iE (RF )
PEETFRICTHRIETE2 L5, EEOBAR - v Ry b
ARSI R T2 L7 A b R (1], SEERFE
ZHEBLZ [2).

AENT > A MIBIC BB ORHAH TR THE LT
B, zoERENHLICEIATWS [3]. 22T, &
AN TR TR L, XD INANRIEEERRICD
RIATLEEBATEL LD, Fiizicv—7 2 X MEE
(ZX L7 A 74+ (BUF SAL, Fig. 1) OB¥%
fToT0W%., WEEEEEZNRE LIV —7 2 A MEET
&, MEREEICABR I A v X R T T 4
T EE D, AEAL v E—&R Y AHEBMERER, 7
YA MEREDF LSRG I TV [4, 1, 5,6, 7, 8]. Al
A =R AHIETLE, BENEOEREL e LT
A & — & v R 2 ANC A LS E 5 FE B &, fF
¥7 2 —X (E#) - BF) - ERD) FIH U THERA >~
V=RV RAZUEZBFE (72—« A =&Vl
) PHRERXNTWS (L, 4, 6,7, 8. KX TIE, %HED
Tz =R+ A V=RV RGBT 2, WoEFHET = —
ZDFBNTELD $HTe. WD 7 = —FA (B 2\ EFEHR

2B VAT LA VT L— Y3V Eif9EES (S12021) (20214128158 ~178[4 V51 VE#E])

4 =R ZADYFEZ) TlX, HEBEOEE 4], #HE (6],
TR (1], #EN [7) FOEBREOREE b LICT7 = —
ZHRDATONTE 2. Fie, (EET = — ORI
BEOEHTREINDZLWVWIEZDS LT, BEHLHIFA
BDITHIE T L EBICER L7 = — Xi#AIE T > TED
(8], i & IX ANHE OREES)E 7L & U T/ N HE
[9] 2V A > — &RV 2DYFEZ %> TW3 [6].

L LEDS, TAHOFETIEY 7R A4 LITHEY)
BRIIEOR ™2 Z L HREETH 2 2 v 5 -, §i
REFTIITHETNMICREIMKET 2 VS RHEDLD 5.
FTARWIETIE, 1F¥E7 = — XN E O L
BRI § 3B~ ra7EFL (HMM) [11] %

Additional load

\
-

with an encoder

Sliding mechanism

Accelerometer

Travel direction &

Fig. 1: Overview of Skill-Assist Light(SAL)
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Fig. 2: HMM model of SAL
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Table 1: Specifications of SAL

Mass of nominal model m [kg] 401.2
Mass of a virtual mechanical 70
impedance m;q [kg]
Viscosity coefficient of 56.1
nominal model ¢ [kg/s]
Viscosity of a virtual mechanical 30
impedance c;q [kg/s]
Friction compensation force fq [N] 33.0
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