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HAROREE CITRERGICRBWTEEEN L &R o TUBEEZITOR VAT v 727 Vo —F 2 EH MR L
TEN, BREICOIE - CUEEB 2 ED TR, - 2deE R icia v S5 L Chaiinen, &
WEERIGICRB N2 WEEITO TESFERTE RV EVHIIENAREL WD, 2o k5 2MEE kT2 ik
D1oL LT MERGICRWT, JEIcEb 2 TOEROWRE - SifEr —& &, & 1 EEMLT, BENIC,
H LI, WEMBREOMBITGLT, BRBICWEBLOOHETED] EWIHIREEMET I ENEZD
nad. LmrL, WERSOHKERD 1 D THAHEEFIIBEMICSHOEREZTO D v 7 REEL <,
xR FENREBF SN TWDAEMETH D, AFFETiE, 1EEEDO® L v 7V FiEE LT Bluetooth Low Energy
Beacon (Beacon) & ML > Y — %A GO =T 7 7V o —% AT, 1EEE OREER - (EEBIE -
EVRERFRZ Y T2 A DB RTREZ U T VX A DMEEBMEGHT VAT L ERET D, v=T 774
—ZHANWDZET, HEROBHRONT LD bEHHI A MK AEET, BT A DA TOWREN AT OO LY bHE
BIEEBR ORI Y a7 20 X 5 R EHH~OREAPEZ IR D E VI FEBH 5.

ARFIEIE, ELEICI >TSS, FH BT, HIREEREMEEEMICONTE LD .

HOETIE, AR THEETARERESL U FRIONEEZ LI BET 4 ICED D & &b, BEY
AT HOREEER L ORI AWV D EEFEET — ¥ OIUEZ B & L CRREH L7 iii e B L e v #liE 5
AOWEEL, ENHORGEOCRET A BN TTo 2 EZBROERIZONTIERS.

TG, BETAHVATLAOLEB LN T ot RCONWTRT. BEVAT AT T A=V R« F—F45
B « 77— ZISHE D 3 WENLMRD. 74—/ FIFRERGICB T 2EREOEZ Y =7 77 v —T
FHL CTF— X _R—RZWUET 2 HR T, T — X oW E L EEEIET — ¥ 200§ 5 2 & clligi
P VERBEIE - FEERBZFNT2EET, T—XEAIEEH L72ME2 v I 2 b—va Uofkmb 7 v
AL EWCAN L TERHT 2 2 L CELICAHBREREBLIZODERTHDL I LE2TT.

HIUEEX, BEHEM OO 72 O Beacon DB ZAZRE DT — X BIE E ST TFEEZEDDH Z ENHINTH
%. £, (EKTIEIZ L D Beacon DB ZAGIEIC L D ALEHEEITFHARRZEN B n H D=0 HET 1 CTH
WBDONHELW =, AL TSR OMEEE OB XL > TAE L 2BNRZEREORIBMEICHEH Lo+
BEERWD Z LR R%, ERT—XICHEA LR LY, 5 —XFiLEE T Moving Average Filter %, 947 C
Epsilon-tube (& AGHOES Z LT, BESHT TR LIZEE OREN/ PN SWERESOND Z L 2RT. £
7o, BEADPRIRHAEET 21 8E T A 0 THIEA D &SRS ES 2 FHAIRE 2 Z L R LT 5.

BHETIE, A ET A v OEEER L EEERROF IV 2 IEE O F — & JifE & SRV
TEEDD. £F, IHEEOWE & BEREE OB FEIZ OV TR HIS, AFFE CTIIINEE O ETH 5
REICEEAERT S L TEEEOBI L EILZHET 2 TEEHVD 2 285, EBRT — X C#H L7k
BRIy, F—HEAE L LT Savitzky-Golay Filter &, Z#rFiE L L CHEONMHEE DK ERSY & I BIE
TREI L EIEAHEE T 5 ik WD 2 L TERBEOF RS EN M L35 2 L &RT. £/, T/EERM O
BFER S BB oMM E —E L TBY, #HUWEEFTFEEOIERCIEERHE ICHE X SRt Z2 R LTV 5.

BAETIE, BEVATLATHNUAMEZIGHT 2 2 & CERARERSEMNCISAF E LN lE T 1 v
DE—T =z b vIalb—raANTHI LI AREBRNRIZHRIZ, BEVAT LOBRRCERMEICS
WTIHRARL . JEHBICIE=—Y 2 b e v a b —y g Tk L0 R TR A TR 2N, 8RO
R ICRE SN DR TIE <, BEVATATHMLZMEEANVWD Z & T, PHEEAZKB TE S
Z L ERT.

BBRICELECHERESBOMEEZD D, KFFETIIV =T 77— HWT, &k BRI L Y
HEH A FEEIR L, BT A A TROWEN AT O LD bEEEEE ORI T v 7 &Ko X9 2R)A
FIA~OREBNEG 72, EEFOREMERE - (FRBRE - FEEEHZ Y TAX A DMRET DY TV A LEE
BEEDHT S AT DA LT, $£72, BRIV AT ATEARES 4 0 THEE 1 # BN CRUSEHERC S ELRE
MOFHHZARRICLTEBY, #HLWEEEEEDOIER & WV - -l EECEEERBT NI A DL OICRD
LEZLND. ELIL, MEVAT AT LIAfEEZ =~V b v alb—va USHT A Z EMNATRET,
& ) L~ D58 TR O TRIA TG OB FHEZ IV TEEA L0 bRERLITZAD ZENEZLND.
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A bottom-up approach is carried out in which all workers at the manufacturing perform KAIZEN activities. As a result of
many years of KAIZEN activities the following problems have occurred: 1) some new KAIZEN activity is no/small effect
because it becomes a local optimum, 2) workers do not have the time for KAIZEN activities because of a busy
manufacturing with minimum personnel. To avoid these problems, it is effective to develop a system that automatically
collects manufacturing data. However, the workers' data are difficult to collect because they work various types in various
places of the factory. Therefore, the purpose of this thesis is to develop the real-time workers' behavior analyzing system
which measures workers work-time and work-history with a wearable sensor combined Bluetooth Low Energy Beacon and
acceleration sensors. For the purpose, firstly we have conducted three experiments to collect workers' behavior data in a
cellular manufacturing line which is targeted in this thesis. Secondly, we have determined the measurement method of
work-time and work-history for cellular manufacturing line using experimented beacon and acceleration data. The results
showed: 1) work-time in the cellular manufacturing line can be measured by extracting the periodicity of signal strength of
the beacon using a moving average filter and the epsilon tube method, 2) work-history of workers in the cellular
manufacturing line can be measured by estimating movement and stoppage using Savitzky-Golay filter and horizontal vector
extraction of waist acceleration. Finally, we have developed an agent-based simulation which embedded in our system for the
cellular manufacturing line, and estimated a production completion time using the analyzed workers' data. The simulation
results shows, the predicted value using the analyzed workers' data from our system reduced the error than the conventional
predicted value using the standard work-time which is the design value of the product. Our system makes a lower
measurement cost than conventional visual work analysis. In addition, our system makes it easy to measure multiple workers
simultaneously than video analysis and depth camera analysis, and makes it easy to measure in a wide place like a factory.
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