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Unsupervised Method to Automatically Measure Lead Time of Repetitive Processes Using Acceleration Data

from Wearable Sensor on Worker
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Lead time, which is the time required to complete an operation in repetitive processes including assembly and inspection processes, is
a key parameter in mass production corresponding to the productivity of a factory.

In cooperation with Osaka University, Toshiba has developed a method applying unsupervised method to automatically measure lead
time in a mass production line using acceleration data obtained by a wearable sensor on a worker’s wrist. This method can automatically
extract a motif, which is a distinctive segment that occurs once in each operation period, from time-series acceleration data using only pri-
or knowledge about a predefined standard takt time of the operation process, and consequently estimate the lead time from the interval

of occurrence of the motif. We have confirmed the effectiveness of this method through application to final-assembly and inspection op-

erations at our manufacturing sites.

1. EAHE

AR, Y —HliOERICKD, YT ST —
2 O TATEIRERIC B I 25D RR A I B CIThb N TH
D @Lﬁiﬁf% EEZEDIEE G EICHEN T

%0 HZIE, BLE TROMNERICERL, YIS
7‘}1/‘&‘/‘*1“—733)5‘31/\’(, BORUNEZEICBITBT A7)V 2L
LOEBHEE i O A EDTHZD @

HNT - MRE TRRE, BEIEZED TN LD
HEEDUST AV EFEST AN ZRHENTED, 1EERR
&, NN LOBEERT 72 —TH5, i - &L
*%“C“Li %uﬁ'ﬂf&iLCE@BZ’LTC{’F%IE?‘J‘@DLLE@*LT
BO, FEDLEFENZSRT0IC, FEETRICE, i
1’?% RRTDVESD BN S, 1’?%%01 — DO B
HKTRZEMZHE, RTRRICHGZELTHLTD, —Ho
TEE TR CIEMEMESER R 2§ 5 L, G512 21kD
HFEEME NI 2ERE 55,

50

FEXETROY AN 2L L ®2 20T T 581,
A OMERR « EEICHER IR LMD, VA7V 2A Liekk
BNCHBNRHNT 272007 Ta—Fe LT, SNAPHEE
LWI 7SI —NEHEN TS, —RITICIE,
TEE TRRICE RN BIEEE TROTEIZ R L, ZDITH)
O B R ST ER 2 #EE 9 5 HENEA DN S, H#
EICE, B EOEANZIREEINTWS, LML, H
BIEHERET270i1lE, (FETRICEENSEHOMNE
HENABZ I Y —TT—2ZEEL, TNETNOMEE
B2 BRNCPE T H2RENDHD, FEHIAXINKRELIR
BTENHEEZH>TNB, HIC, FUEETE, P —
T=RCHNSRIIZENED B2 T, 1FEETLIC
BWER B T BRI RIC RS,

ZTT, Wik, FHIAHREL 5D 55 ORI
LT, BWEEST =2 A= THWA7IILIY X L
ZISAL, FRIOZEE 2L Uk, Bililizz UOEREY A
IV aA LEFEHITER, KIROKEEIEF TR L, <

HEZLE21—Vol.73No.3(2018458)



TR, TOFHEOMEEBRNS,
2. RRLEFE

2.1 RRUFEOME

PR LI FIE T, Hoh UHEMEEERRZ 52572
JT, Y —F—RITDIRUHBT 2RI R —
ZEF—TEUTHAL, TF—T7HHBIT 2R S
VERRZHETE T 50 VATV EA L, FEIRNDOZE(L
BECKOETTZH, IFHMES AT LOFEREIEbN
BIN—T A INVT NV E—TH BT, EF—T DI
BRHBRZBICE S, /S—T1 VT )b Z—iF, HED
EF—T O S—T 1 7IVE LRI 27, D&
T2 O LUED S VER D 2T AT B0, LT —
T—=2EYOHUTz e T AV N S—T 1 7))V e k3 %,

COFEOMEZBTITRT, TFERIRERD b, HD+
V=T =L T YA LY LT R IR EF—T %,

EF—7RAHDR) A

2 —7—E8

Bl M
i
- B0

EF 7 (RERFSVHL)

-

BT S 1L
7avy
C C
o Foffo—ib — B2
i la a-a. 2.a.a. a_B%‘Fﬁ
EF—T (BEFSVLL)

| abc bcba cba baa - |

&

-
T
e m YAV 2L LOKE
%2 labcbaabbaaabcba Li21:2min 10
T2 &0 g

LS

YAV 2ALHETE

PR
- -
SCUSIN
EFJIRH

IN=T4 7TV E—IC LD
abc bY§a cba Dda X ‘ \ EF—T DB
i

Pm
A A

i
nd

s fe

1. Y101L2 4 LOBEFHRIFEDEE
FFSELIES TEF =7 RAIZRDIAR, F5LTBHDITES TR
MEEF—TRPGETHILT, TATIVEALEZHEET %,

Overview of newly developed method to automatically measure lead time
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Example of operation process model generated from standard takt time
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Outline of motif candidate weight calculation phase
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