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Abstractt SHPDQXIDFWXULQJ KDV EHHQ F R (Prod@tibh éffiGientyiResodrcRefieleniyt QivaHity
PRVW HIIHFWLYH ZD\V WR GHDO ZLWK VXVWDLQDEOH PDQXIDFWXULQJ 7KH
LQWHJUDWLRQ RI LQWHOOLJHQW WHFKQROAW URM XHPW QR QFWXULQJ DVVHPEO\
VA\VWHP LV D QHFHVVDU\ ZD\ IRU WKH GHYHORSPHQW RI UHPDQXIDFWXULQ
LQGXVWU\ 7KLV SDSHU SURSRVHV DQ :LMMAKHWdKH HEb LFR BEAURO B SARAHRW i) WKH
LPSURYLQJ WKH TXDOLW\ DQG SURGWNKWLERQOQMWURGLEMLRR BRKWZHHQ HFRQF
UHPDQXIDFWXULQJ DVVHPEO\ UHDVVHPERQVIRIMIPRQ i Q MKHNv&RUPKD WY EHFRE
VSDFH PRGHO RI UHDVVHPEO\ LV FRQNWUKHWHEP B E&X I®FI%EH &QW RWMIH VR R ORI\ ZLV
TXDOLW\ WUDQVIHU DQG FRXSOLQJ ParFrPMMRIRKD Y pEHHRE MWHERIELHMYI G DV D YL
RSWLPL]DWLRQ PRGHO RI WKH UHDVVHPEPBERNPKHHFRORILTWEE HYKHER@ERHQW D
PLQLPL]LQJ WKH FRPSUHKHQVLYH FRVW HMBXOURBY Po@HoWLEN QR ARIGMNEEBYRJIZD
VI\VWHP IRU UHDVVHPEO\ SURFHVV-WwPHURGRVQY EHRYEGRE@W Y BEbEWY DQG KLJK
PRQLWRULQJ DQG G\QDPLF FRPSHQVDWLROYVWLRERBEQ W rRGHYEFOIRIPIEQWuURP D@ &RF
TXDOLW\ DQG WR DFKLHYH LQWHOOLJ QW REXFYRG RV K pV B R PEAX I BEMPHYNG 7B UR
GDWD PRGHO LQIRUPDWLRQ SHUFH®WRPRQ DBEWINAIIRROWHFkQrRORKXGURBRYW E\
PRQLWRULQJ DQG G\QDPLF FRPSHQVDWEZRYVWRH JADBMPRPESFH&RDOR @G DYKH HPLVV
VWXGLHG DQG LPSOHPHQWHG )LQDOO\ YK idRwRwBRUH WKPAR sHow BRowRRDY
VA\VWHP RI UHDVVHPEO\ LV GHYHORSHG 2 WRF&XFIO% va- YOy PR €w v DSUBR @ LR 6L a1 QWX
RITHULQJ D WHFKQLFDO VXSSRUW IR UW SRWIB-FEEW oW R\ AjH HMM PQUWWIERMKW) LH S HF W D
FDQ PRQLWRU WKH DEQRUPDO TXDOW\>L® uHBH WXL bWs RbNUHER@¥[DFWXUHC
FRPSHQVDWLRQ UHVSRQVH DQG UHDOYKPRNOH RIwWEHL W GRaiRY Rl WKE
UHDVVHPEO\ SURFHVV ,W SOD\V D SRVEWEYH UROH LQ LPSURYLQJ TXDOLW\
UHGXFLQJ FRVW DQG HQKDQFLQJ FXVWRPHUYEZ VYRLEDERREH WHN XQFHYWN DLW \
FRQWURO PHWKRG LV PRUH VXLWDEOHZMK WkaAKUIPORQ HBRR Q[VWHYREUFH HIILI

FRPSOH[ PDFKLQHU\ HVSHFLDOO\ XQd8WuWKHrWeHIQX REWXMWRJs DVVHPEO)
HQYLURQPHQW UHGXFH WKH TXDOLW\ HUURU FDXVHG

UHPDQXIDFWXUHG SDUWYV PDQ\ H[SHUW\

. HIIRUWYV RQ UHPDQXIDFWXULQJ SURFHV

A ES v 2x Hex Fo \HDUV 7KH UHOHYDQW OLWHUDWXUH
RIWL]DWLRQ PRGHO RI UHDVVHEPECHGS U

6LBR *OREDO /RILVWLFV ,QVWLWXWIH UWIK - 7 J

KD O IKDL KL OD BRWPPLIBWLIR® BRGHO IRU VLPXOWDC
SURFXUHPHQW SO DQQRIQGE HIUQ UMNP\DH)RE D A

HSBUNENON B e3LvuLeY Docl SoLITIMAARHRY JBKOMNRGLIG £ 2K DQG tonK

+ ) + +

axcop o QLF 8Q RRI=RQ) S o WRER oG UHDVVHPEBBYY BB E DGIL

&ROOHJH RI (QJLQHHULQJ DQG HHH”VKWRORK]RUE—PDQXLQVFS\NXULQJ VIVWHP WR RSWLPL]I-

&KLQD PRRENVVMVESURSRVHG E\ =DKUDHL > @

VIVWHPDWLF FRQFXUUHQW FRQVLGHUDV

6FKRRO Rl OHFKDQLFDO DQG (OHPWBRDYLIF 0
S XK RX &KLOD PHRWRHEAWRBY VEKPEO\ JXLGHOLQHV DQG F
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UHPDQXIDFWXULQJ LV SURSRVHG EQG6RHKWKR®@V ZKHEX QMHHG WR EH VWXC
PDWKHPDWLFDO PRGHO DQG VROXW LR BOOR UH QW P ¥ DADRD THPW QWP LIGIGW KRR Q \
GLVDVVHPEO\ UHSURFHVWIQH\W QG WHR®WHEEO\PGRWXV IRU RSWLPDO PDQ
&KR > @ ORUHRYHU DQ RSWLPL]DWIVRVHPHWKRG LV SUHVHQWHG

E\-LDQJ > @ IRU UHPDQXIDFWXULQJYRSRRIFUFRP I$OBIQHYDERMEBRBUREOHP D
LPSURYLQJ UHOLDELOLW\ DQG UHG¥RIQNURRYVW\\L\WWHPHRD QMHD¥WKREQ\V LV S
VIVWHPV 7KH VFKHGXOLQJVKRBIRKKMWNIOR ][DWURMREDWLR RI UHPDQXIDFW;
UHPDQXIDFWXULQJ V\VWHPV ZLWK SODHBWAN RPEWFK I®D QX ZUWRHWWHLXQF H U
VWXGLHG E\ <X DQG /HH > @ 7KHVBURWNKEVHVD®IELQERPIRGENY R@VN UHTXL
PLQLPL]LQJ FRVWV DQG PD[LPL]LQ W KHRYHIWWND QV D QFFR PHWIKRFBR ORJLFD O
RSWLPL]DWLRQ PRGHOV DQG PHWKRBRQIRUXUBWYROP RO\ UHYWHPREDOQ UHVRX
XQFHUWDLQ RSHUDWLQJ HQYLURQPHRWRGXFWLRQ HIILFLHQF\

$V IRU WKH PDQDJHPHQW GLUHFWLRQRRIDEKPBQKX IDEWXHLQHWVNDWHAR JRDOV
WKH YDOXH RI UHJXODWLQJ UHWXURWJIDRUW]HG KD FIRQIO WAKH 6 HFIALLRQ H[
EHKDYLRXU RI K\EULGHPDQXIDFWXULRRIGH\Y WBBY NH\ WHFKQRORJLHV RI LQW!|
LV VWXGLHG E\ 3RQWH > @ 7KH LPSDAWHRI| KXPWORQHVRMUEHWWRQ@KH YDOL
UHPDQXIDFWXULQJ SURFHVV LQW HWWHO ORRPAROH[ERQWISROFNLYWEP I|RU
TXDOLW\ Rl FRUH QXPHURVLW)\ D QIBV WHREDYRZRIMWKRSLFDWRUV LV
H[SORUHG E\-6RWRGRQ@R$Q LQWHIJUDWHG RSWLPL]DWLRQ

FRQWURO PHWKRG IRU UHDVVHPEO\ V)QWHPOI/LEKIQOW ERQWUR® V\VWH
$QG D MRLQW SURGXFWLRQ DQG PDLQVDHMMWIKPE QBUREOHP LV DGGUHVVHG

E\ 1GKDLHI XQGHU HQYLURQPHQW D OWFR®YMDUDL QM D WD /& HU HQWBIBLAOLLIWQ W |
LVVXHV LQ D PDQXIDFWXULQJ UHPNEXIWRWIXIULIQDQ WRIGIWWKM FXMOLW\ DQG
6LPLODUO\ HQYLURQPHQWDO EHQHIUWDVIVGI® BFR\V WY DN R H Y K PFIKQ \8 PR IBBIPL Q
IRU UHPDQXIDFWXULQJ SURFHVV XOQGBUFXWXWRPWU XQWHVWIFMVIVRQ LV @ 7K
VWXGLHG E\ /LDR > @ )XUWKHUPRWVMWXGHWXH HO WG ROIDEMWQUW ERQWURO V\V
XVHG DV D WRRO WR LPSURYH WK WBRAWXRWRRQFH ®E UBHDWRXWPEM\ HIILFLH

VI\VWHP E\ O9DVDQWKDNXPDU > VXAV WDLDO EUR GWDPHARSEPHQW RI UHPDQ.
UHPDQXIDFWXULQJ SURFHVV FKDO ORMNM®@ BV KLGGE HD WKIFH © B RWKIR URVCHOV OWR GV V|
WLPHV > @ LL ORGHOOLQJ DQG LLL .H\ GHYHOR

7KH UHDVVHPEO\ V\VWHP ZKLFK LMW WHGOIOIOQHQW FRDD/IWRO WIMWHP
HIILFLHQF\ HQHUJ\ FRQVHUYDWLRQ )PDRHZRIWDNV VDYLQJ DQG
HQYLURQPHQWDO SURWHFWLRQ LV NKHWR\WBURUB-HHW WD AR QMRIRIDX MDNF W X B HRSI
SURGXFWV PHHW GLYHUVLILFDWLR® D\$HWV REIDOL]|BWURKPSWRLERG ODHHLQ QHWV
DVSHFW Rl WKH FXVWRPHUYTV QHHG OBREMY HIQ G- RRSDHQ Q I JHIQWK FARKHNVURO C
RULJLQDO PDQXIDFWXULQJ DVVHPEOLQWHWH P WHKED \Z\L MKE CH[ VYW BB LRDQXIDF
FKDUDFWHUL]JHG ZLWK KLJKHU RS{UDWHKIKQROMARIVWDIGQWSSGLHIEE LQ UHD\
FRPSOH[LW\ DQG G\QDPLFV 7KHUH DUDBpiP@RQep®KIGYSRPHQD VXFK

DV ORZ SURGXFWLRQ HIILFLHQF\ > @%b DVOI\BWRE OVK 15 WRIGRE WL WA RQLWODV VLI
IUHTXHQW DEQRUPDO SURGXFWLRQ UBPA\GHREOY UHY®R XKIFIKY S URIGHK FRDWD - ¢
UHSDLU UDWH ZKLFK PDNH WKH RS$WMOWVYHPWOR Y HYREUFRIGWBRRWHRLDOV H
UHDVVHPEO\ V\WWHP D FKDOOHQPHRGWHRQYEHRYRHOYWG DQRSU WKHLU VWDW
UHPDQXIDFWXULQJ SURGXFWLRQ PDG@NRFAHHYW)RUGDWWULEXWH LQIRUPDWLR(
$V PHQWLRQHG DERYH LW LV D WKHOGHIOHHHQRW POLDBHVYQR!I UHDVVHPI
UHDVVHPEO\ V\WVWHP WR GHDO ZLWXHQXWEHEWWGE®HQRGRFWAR RFRGH DUH
HQKDQFH WKH XWLOL]DWLRQ RI UHRBO@XNMNHREQ) HG SHHSWL RQQWXUHY WREA® R G
VWDELOLW\ Rl UHDVVHPEO\ SURFHVSHWEHL YLHP SR H QVR B PPXOLRIQV D ®RE RSHL
UHPDQXIDFWXUHG SURGXFWV 7KHUBERXHFNWWXGLHVY PDGH DQ
LPSRUWDQW FRQWULEXWLRQ WR LPSUO&worklaygkH PDQDJHPHQW DQG
FRQWURO DELOLW\ RI UHDVVHPEO\ V\W\WHWY PPKk@OW KR P$RWVIHEGWR U H/VHHDAUEKY
PDLQO\ IRFXVHV RQ TXDOLW\ FRQWQ@RGUR &MU DWIVRER &S \F DA D B A HR@QW VIV
SODQQLQJ DQG VFKHGXOLQJ DQG KDAYVIEHKR HWH E IRQORWO RV PRHDR) L\QY R UR
UHVXOWYVY +RZHYHU WKHVH WDUJHWW @RI \HDM QMR DERPWD® RI PRGHOV



-PDQ =KDQJ HW D¢

99

z Model operation layer
'LWK WKH KHOS RI GDWD SHUFHS

Intelllgent control system of remanufacturlng assembl

WKH LGHDRULRBMHRGNGHVLIQ LV XV EEWR.. P seassw, Heuo Sl N Volios B (Qusary | [[oe g
SHUFHSWLRQ GDWD RI UHDVVHPEO\ MERIRS WR WY BHVY ST [HrerfoAR 'HDOQG
EHKDYLRU 7KHQ WKH VWDWH VSDF g DALHIPEO P VHV
DQG GHGXFHV WKH GDWD WR UHSUBE S0 D WEL R QL | WKH
UHDVVHPEO\ VIVWHP DQG SUHGLFW [l R oy 1 H
TXDQWLW\ DQG TXDOLW\ OHYHO RI PD(gﬁtate r dgegnfb%JLQJ Sowidati oo oteL1 X \/ b G

SDUWV DQG RULJLQDO SDUWV DV Z
UHPDQXIDFWXULQJ SURFHVV WKH U
PRGHO LV GHGXFHG WR UDWLRQD(
UHDVVHPEO\ ZRUNVKRS

z Intelligent control layer

7KH UHDVVHPEO\ LQWHOOLJHQW F
DQDO\VHV H[WUDFWV DQG RSWLH
LQIRUPDWLRQ WR UHDOL]H WKH LQ
VIVWHP WV IXQFWLRQV D-WH Yl WXD1
RSWLPDO - EIHFLYIR@®P TXDOLW\ FR
IRUPXODWLRQ DQG TXDOLW\ LQIRUP
UHWOPH PRQLWRU DQG TXDOLW\ G\(
DVVHPEO\ SURFHVV DQG UHDOL]JHV
DVVHPEO\ WR HQVXUH WKH UHDVV
VHFXULW\ RI UHPDQXIDFWXUHG sORF@oﬁeFlvvﬁéfrarﬁéwmkmaefmtem@@udrm@gpstemeQWUR
VIVWHP DOVR SURYLGHV VHUYLFHV VXFK DV UHVRXUFH FRQILJXUDWLRQ
GDWD VHFXULW\ SURWRFRO FRQY®BUVLRBEGIEDPVNIWHP DSSOLFDWLRQ >

7KH LQWHOOLJHQW FRQWURO V\VW%#%HF®PXYHDWNEPEGARRPHYBY KIPW ¢ U HQ G H
DQG VRIWZDUH LQWHJUDWLRQ V\vwHP PPQGXIDRYWRX KRR I W \LORFEPIAUDWRFHVV F
WKHVH WHFKQRORJLHV LQ D SODWIRUPRWYSHREHYVFXxQWRGEIRE O GNR/ FULE
GHVLJQ DQG LPSOHPHQW 2XU VRORWERY GWILELDAHVRIORY LIRSS ORKY
LQWHJUDWHG GHYHORSPHQW HQYEUKYPHIRP QXANDFWYHC7RURGXFW LV FRI
KHWHURJHQHLW\ RI UHDVVHPEO\ UHWRXWUHERRQRIPHWRWHGIKOH®W VDYE XVHG S
GHYHORSHG E\ 6,0$7,& 67(3 DQG :,1&&DYVYHPBAHG LAY RGVBWFLILF DVVHPEO\ V
WKH :HE VHUYHU GDWDEDVH WR UHDDBHVWWKHDYNVRERS MHIWHRFHVKDRG FR
VIVWHP DQG IXQFWLRQ PRGXOHV ,QGKX¥YMWAHWODRIGGWHFREKRBURD & ¥WMKDREDUGYV
.HSVHUYHU(; LV DSSOLHG WR PDS ZWKH BXYWPESS WEWIHRQY RO\ DVVHPEC
KDUGZDUH UHVRXUFHV LQ WKH FRQILPMMHRERH W \RANHPL RHWKOH WE G bW \W C
Rl UHVRXUFH PLGGOHZDUH 7KH UHDVYWPWOREMYRFHVV LV XVHG DV D
FDUULHU WR FRQILJXUH SURGXFWLRY7KUHRPHV/AHA W BN XG XYRVDWIL RV H
VXFK DV LQWHOOLJHQW PDQDJHPHQW HHRX FR 8 W ORRDHURUHRERR D WHR QW B LYV
DGGUHVVHV DQG SURGXFWLRQ HYHQWRFKDYDYYHEBRPWY W® WIXROY KDV XKV R
DV FRGLQJ UXOHV GLPHQVLRQDO FKDY BDYYd PiE@\ oL XA OLWD GBRIYGYR W R HW
RSWLPL]DWLRQ PRGHO RI WKHWURBWRHBEOMSRRLHRH TXR®OW FRPSHQVDWI
PRQLWRULQJ DQG G\QDPLF FRPSHQVDWIDR/Y HRE Q ARSIV IRMENPEOM IS Y R F H

ILOH IRUPDW ZKLFK LV FRQYHQLHQWH{RR!I WKH MTWHPEKRWOWKHQWHDVVHPE
WUDQVSODQWDWLRQ WKH UHDVVHPEO\ VWDWLRQ DQG KDV Wt

VHTXHQFH DQG VSDFH VHTXHQFH W K
FKDUDFWHUL]H WKH FRXSOLQJ PHFKDQL
WKURXJK VWDWH VSDFH PRGHOLQJ 7K
UHDVVHPEO\ LV DV IROORZV
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RI WKH UHDVVHPEO\ WWIOWLWRKH L. YIPHIOKWIRFUV XULQJ SDUWV DQG UHDVVH
RILWK UHDVVHPE®@\LW WDRNH. RROXW S X W5 UHIGHAW WU RRIRI UHDVVHPEO\ VWDWH VS

UHDVVHPEO\ TXDOLW\
WKH POWAE FDQ EH GHWHUPLQHG

Rl UHDVVHPEO\ TXDOLW\ WUDQVIHU
PXOWLSOH RXWSXW V\VWHP -WKB @D
UHDVVHPEO\ TXDOLW\ WUDQVIHU IXQ
-@gxz zX% X DU,
B QZ XZ FUZ
] LV D YDULDEOH
IRUPXOD

"KHUH
GHULYDWLRQ RI WKH
JURP IRUPXOD

-X zl
& (

)D %
G

D' B, A1zl
Q, X, FU,

Y,

z

prE z(A )L
Pt EIG z(zF )P

Kzl
[ kzI

UZ

LY

R
s

5&x

e

IDFWXULQJ SDUWV

Q-*Q
%DVHG RQ WKH DERYH VWDWH VSDFAdH PRIRMWP VWEKHDPHPVFMRPFEQOVDWLRQ
TXDOLW\ WUDQVIHU IXQFWLRQ LV GHIGHUMRLRNGS) U Kb JVARPWHMEPHFHROR @R X

$FFRUGLQJ WIRKIMKHWD PWXQBWSBREWFWKRQY WEDB@WBDUG

W%{)P)QPWLS(?H LQSXW

UHPDQXIDFW

UHDV

VHPEO

FRPSHQVDWLRQ PHDVXUHY DOO QHHG SU
RUGHU WR PLQLPL]JH WKH FRPSUHKHQVL"

UHDVVHPEO\

minC G, (%) G(%) G(X)

ZH FDQ GHGXFH WKOWM U &, (X)

WV PDLQ IR (AR BWHYA DY WV & S Wi R kW L RC

LV FRVWXRICSDUWY FRVW R
RSHURWLR@) IRY FRYW R

G\QDPLF FRPSHQVDWLR® PREDV¥RMHVHRW
)XUWKHU GHULYDWLRQ VKRZV WKDWSWLPDO VROXWLRQ FDQ EH REWDLQHG
DQG JHQHWLF DOJRULWKP ZKLFK ZLOO G
.H\ GHYHORSPHQW WHFKQRORJLHV
%DVHG RQ WKH
W LV NQRZQ WKDW WKH LQLWLDO %X Ry W ik fUd+P MK} RSwLPLIDWL

IUDPHZRUN RI

WKH LQ

VR FRQWURO LQIRUPDWLRQ V\VWHP LV QF
Q, [AzI PpP' E G IXQFWLRQ 7KHUHIRUH WKH IROORZLQ
7KH WUDQVIHU IXQFWLRQ PDWUL[QRFHYYPWHHFEDL\CHYbHRWQRILPQRG GHYH!
GHILQHG DV VIVWHP
6 & ga p E 'DWD PRGHO
7KH UHDVVHPEO\ TXDOLW\ WUD QV I | sbtimmaer W rowaus ) W| Famaiiie |) p| fonaieiee
FDQ TXDQWLWDWLYHO\ GHVFULEH W&E&SﬁacH'C)DWPEﬁ:QV RETScoE HW Z H Hifdo MGKH L Q S X\
YHFWRU RI HDFK UHDVVHPEO\ VWDWURQ™D QG WKH, UH DY MPE O\ R0 L W\
~-reassemi yllme‘x\
7KH PHFKDQLVP RI UHDVVHPEO\ HUURIL.WUD QI |_|DHEXRX QD WebR@: -
DQG FRXSOLQJ LV UHYHDOHG ,W S mﬁWEELG \ “’ﬁ&f;ﬁgﬁ XU w’?&“”z D WIWDWLYH
Work station number control type arts number . s
VXSSRUW IRU WKH TXDOLW\ SUHGLH o b R [P Q GrenkeRQ WL fReGauR | | 1Y 1 Fedsdaaia ™™ E O\
S U R F H V V quallty information cr:ﬁ::ﬁ;z?n name W_TDL
,Q WKH UHDVVHPEO\ V\VWHP W K|HuiF®Ra¥ Sl HUHQW 3D & Wikt ™
UHPDQXIDFWXULQJ SDUWV RULJLQDG=8PUWV “TVEL || D @@= KH FRVW
Rl GLIIHUHQW DVVHPEO\ RSHUDWLRQ wg:tm:“F ;m;gfus[)RQ"- panceaieatisc ) L) WLl D O V R
GLIIHUHQW ,Q RUGHU WR UHDOL]H |[Wih m. - RIPSUHKH L,JjYaHe“"’RS RS L R Q
RI SURGXFWLRQ HIILFLHQF\ DQG TXD~! k‘"-' Lt | B (a2 H| G @bt
. . orkstation list PK Process ID product number - .
] Process number lan 1D nu'_guzlr“y information
| Ui we(X)  w(x) T e B o =
() LV WKH LQSXW x¥ HIFQWRKU URMID § Iy EWE.Q.) | —! | | s o
VWDWLRQ Wor siton content iiommetion bl ' 7 e
. . D h dgte )
u(x') LV WKH RSHUDWLRQ LxQSD@W KCHFEWRU|(1Rdess S D Ul _
- quality Plans to record process =
UHDVVHPEO\ VWDWLRQ inormaton able eonraton el Qualty informasion it
5 H P D Q X I D F W X U L Q J S U R G X F W L R Q U HK;EdZSthe_mkaaer \/ Workslabl:un»llroces» PEP FE’)IarRreerW i'nvoyl‘nua:c')allDH [ \/V R U
RI HDFK VWDWLRQ PXVW PHHW WKH UHDVVHP Egt aD QLMY WD Q&P ue
FK process ID L] | FK workstation ID Fvavcoe(i;;:;nnem Quality information
QI ) Q FK  Work station ID ] FK Process ID Workstation name natheandard value
Q LV UHDVVHPEO\ TXDOLW\ VWD Q Gigukk® Data model
7KHUH LV QR GRXEW WKDW GXH 7WR G\DKWD EXCOFHH W W DV IQRV\EDRMLY IRU LQV
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WKH UHDVVHPEO\ SURFHVV VR LW IF\RP\SKHH K\HHQ VIDVRVCR U 2RSIHIQQ V®I G OLLGW & WR S
OHYHO DQG UXQQLQJ SURSHUO\ RQ WM \REMWHPW 'DWONRR G HM G HWEHGGLQJ
GLUHFWO\ DIIHFWV WKH HIILFLHQF\ IV&® YD WHK R | SVRE E R PP B L QUHMVQHUGRAIM Q HR |
DQG LW LV DOVR UHODWHG WR7KHKBIQGWHDEKDIQNH DMG DEFREXHDQ HHW FHLY H"
IROORZLQJ ILIJIXUH VKRZV WKH V\VWHW®W SDRWFHM\P\R G/H\OD WH) GS ZWDO LB QYG UHD
WKH PDLQ V\VWHP GDWDEDVH WDEXKAVLMDIWG SMKAHERULBBVSRYBGLOQDG UHD
PDSSLQJV RI WKH LQWHOOLJHQW FRHIKDYRB®UV\VWHP RI UHDVVHPEO\

SURFHVYV JHDWXUH H[WUDFWLRQ ,W FDQ ILOWF
7KH GDWD PRGHO LQKHULWYV WKH DUDMHIDRUN VDIQHG SHUBFXBSWX BE BDWD R
RULJLQDO PDQXIDFWXULQJ EXW DOMVR{WDRH\WQBFGEWMRLFPRGIRIWPDWLRQ RI \
DQG VXSSOHPHQW DFFRUGHGSDW R VWRE GM PDR XUDPWXPH DFFXUDWH H[WUD!
UHDVVHPEO\ SURFHW SYRYLGHV D BBVRXURKW WWOHVH DQG UHSUHVHQWDWLF
UHDOL]DWLRQ RI LQWHOOLJHQW FRQW, QRRUPDAWLHRRQR | LUGHVD K YHIREDRIQ@ W HIK H R 9

,QIRUPDWLRQ SHUFHSWLRQ DQGb\R dﬁ P VKQVF:/ORJ\ LVVVI?/(;RZVSHJ‘
7KH SDSHU LPSOHPHQWYV WKH PHDE)KU déva? Fi?\; Q

DQG FDOFXODWLRQ E\ LQIRUPDWL gVLﬁH E;G[\)/OR‘
WHFKQRORJ\ ZKRVH PDLQ FRQWHQW Q
— HODWLRQVKL FOXVWHUHG DQG
=)
Open integration > Cluste.r Integration_>Proc_essdimen_sior g LQIRUPDWLRQ ZLWK XQL'LHG GDWD |RUF
technology Rec%rrquat sharing chain calculation % WKH LQlRUPDWLRQ LQWHJUDWLRQ DQG
> DUH UHDOL]HG
m
Filtration 20
Perception classification Feature Reassembly 5 @ 5HWIOP H PRQLWRULQJ DQG G\QDPLF
associion | ) exacion || (BR[| BE | UHDVVHPEO\ TXDOLW\
- 'XH WR WKH KLJK XQFHUWDLQW\ RI WK
T DEQRUPDO HYHQWY RFFXU IUHTXHQWO\
— tefﬁg;g;y Object Linking 7KH LQWHOOLJHQW FRQWURO V\VWHP P
Remanufa —>| lement = UHWOPH VLWXDWLRQ RI WKH SURGXFWL!
cturin arts
°° Auomatc E NLQGV RI VXGGHQ SUREOHPV WLPHO\ DQ
laentitication (IJE’,,
- B UHOLDEOH LQIRUPDWLRQ RI UHWDRMIDF
%Man_mthina p— IRy TXDOLW\ GDWD DUH WKH SUHPLVH RI
teraction exchange UHDVVHPEO\ LQWHOOLJHQW FRQWURO V'
— RI' :,3 DUH LGHQWLILHG DQG WKHQ WKH
Figure 3 Information perception and fusion technology NH\ TXDOLW\ FRQWURO SRLQWV DUH F

LQIRUPDWLRQ FROOHFWLRQ DQGVBEBRIRFH)
,QIRUPDWLRQ VHQVLQJ (TXLSPHQWvVHPRIOH Q RMBWLROVRP @@ DPWIYRIREO)

RWKHU UHDVVHPEO\ UHVRXUFHV DUBRHIXKRSHEI Z8 8 & RIS RRISRF VD WL
VHQVLQJ HOHPHQWY ,QWHUQHW pRRPE¥BBEPWERQ FRPSXWHU

DXWRPDWLF LGHQWLILFDWLRQ DQG VHQVLQJ WHFKQRORJ\ DUH XVHG
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%DVHG RQ GDWD SHUFHSWLRQ OCWYHOR&SHQGHWZRWKHOBLHW X\WRHUHDVV
UHWOPH SHUFHSWLRQ DQG FROOHRYHMHD RFKUHDRXSHPEO\ SURFHVV

GDWD DUH UHDOL]J]HG 7KH LQIRUPDW I6ROQWHPUBI@DQWD¥VWXUHG SDUWYV
WKH VWDWH DQG EHKDYLRU RI |Bdded/onHZFEE Gameldiky Brxcle isHided ds\WWeb server
G\QDPLFDOO\ PDSSHG LQ UHDO W H&dthasel KTHQ prottifod inteNideky o & Dsizstém  for
PRGHO RI UHDVVHPEO\ LV LQWHJU EwWaduEactikel HengiheD MasseBIY \predddR Fiay \been
LV PRQLWRUHG RQWLPH TXO G IWHK HPd&EDBR WithQthe Lagsociated enabling technology. In
DFKLHYHG $FFRUGLQJ WR WKH R/&W ofEhevdciRid) Sit@atidn@f fReJrBd334midR Qvorkshop of
UHPDQXIDFWXULQJ SDUWV DQG U H BngiNeH refaadiifactwibgyVthdR @forEddivhHd®BIldR{@n VAkdH
FRPSDULVRQ RI VLPXODWLRQ D Q GfudibH gySidnvadoird RAIIK HC rdadi& VPDKA Briel @danning
SURFHVYV WKH G\QDPLF GDWD RI WKtd intedte \hK R E-D&HNe feHade/ Itptbtddes
PRQLWRUHG DQDO\IHG DQG PLQH rgal-time éhd \WidiicTdata Suppeit f& lintdlligént control
TXDOLW\ SRLQWYV RI UHDVVHPEO\ LiMorgatidrGsldtam idfeassembly proeels. TX D O L W\

LV DEQRUPDO WKH FRUUHVSRQGLQ hfdriQafibH ©dddctidn @akt dolReQ Whe) Rormatigriy &fW H J )\
LV IRUPXODWHG WR G\QDPLFDOO\ rénfaRuSact@ad Dparts, WdGBind) tHh® ZolléthioR @F key
SURFHVYVY ,QWHOOLJHQW FRQW U Rdnality \inspéd¢tianQterhl Glatd. gnalysid, uppéHaneE @wer

ZRUNVKRS )LJ limits of quality data (Fig 5-1). The inventory information
of remanufactured parts can also be integrated and queried
&DVH VWXG\ by the system inW L, Rridluding the type, quantity and

7KLV FDVH LOOX\MANUWDIWE VU WKMQ Jhi B biremdanufactured parts (Fig 5-11). The key
DVVHPEO\ LQWHOOLJHQW FRQWU R Qualty \nWgrrfh&ioh Qf i@mahtfécii@K parts \&soUchiQ be
HQWHUSULVH DOVR DQDO\]HV WK ketriéved Qricludind @&tiHg DickGesy and dther idgokant
FDVH VWXG\ KDV IRXU DVSHFWYV remaBaethring &exailsGrig 5-111)VRehwedifacturing parts

DQDO\VLV DSSOLFDWLRQ HIIHK&Ermaddd,G reassefilyw Fpxodess Rdata,D @@ related
PDQDIJHPHQW HQOLJKWHQPHQW operations are integrated in the background to provide
%DFNJURXQG support for intelligent control (Fig 5-1V).

$ UHPDQXIDFWXUHG HQJLQH FRPBaZ3«\onGthe/ §tddeQ $pa0eH @odal KfHreassembly and
UHF\FOHG ZDVWH HQJLQH FOH D Q He&ssdDIGquality éNdiH@nsféikddrivaiiob, Ghe Snelliganv
DQG UHXVHG SDUWV DQG UHPDQ X IdoriEral 3ystétawitddicZiReUdas S tWgvality (Fiy & B
UHPDQXIDFWXULQJ WHFKQLFDO W UdD e/ $drid RiMea)Nthdr r@asseiblyQorodessHs théhXoved @
SDUWV DQG UHPDQXIDFWXUHG S ediWivie, DabdH theD xeRsdePribI \qualiy inddiidtion is
UHDVVHPEO\ ZRUNVKRS $IWHU |LHdsplaye® dddiwately JADIve. ®iQ 6-NY. KAdcaBding ko Hfe W
WHDP IRXQG WKH IROORZLQJ SUmiondteiv of r&naiifedtureld RatS, DM@ \optimal feasible
UHPDQXIDFWXUHG HQJLQH DVVH P ESSembRRschene iR Slerivék H hieHsydbethHdentifies the
PDQ\ XQFHUWDLQ IDFWRUV LQ W KthernetabdwutpuBsEe opiBiizBdrengsembiwsheéme (Fig
WROHUDQFH ]JRQH RI WKH TXD GHNV\TheD $4strd canXdyphEimicHllp eohidor tRd quality
UHPDQXIDFWXUHG SDUWY DQG UH Xdémira hartuandvdyingmioddyUcbhhpelédted the RighdrrhaRr |
UHDVVHPEO\ TXDOLW\ HUURU 10 X guali¥Diwrdal tiche) HAIIpW6ON). Itekligentt €o@ndl bR O
VWDQGDUG RI UHDVVHPEO\ TXDO tedssenbly prbtess iskeRlize KH RULJLQDO
PDQXIDFWXULQJ VWDQGDUG D QG TwWeKitelligehV cadtrdl yEteR Qf rdadaékhbly Hrilds a
UHPDQXIDFWXUHG SDUWYV LV ORZ syQeny UbfZ toR fadilittél \the &drage Fand Wueky V of
DQG FKDOOHQJHV WKH SURWRW\S HfotnGatiéi 2iated) to QesisseRyViddesd ahdvphotdesli R U
UHPDQXIDFWXUHG HQJLQH DVVH P EsOdpos tbRr&adséivibly yual@yHredediity.G D QG
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 I: Information collection of remanufactured parts information of remanufactured parts

III: Key quality information retrieval of remanufactured "IV: Information data fusion in background
parts

Figure 5 Information collection and fusion module of prototype intelligent control sy stem
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III: Online instruction of remanufacturing assembly IV: Display of real time data
Figure 6 Monitoring and online guidance of prototype intelligent control system
'LVFXVVLRQ by 20% and variance reduced by 40%.

In remanufacturing production inventory management In remanufacturing production process control and
and optimization, the intelligent control system can deducgiality management, the intelligent control system can
the optimized reassembly scheme, according to thmack the position of the remanufactured parts on the
information of remanufactured parts, reused parts, angassembly line, monitor the operation process, feedback
original parts in database. It has extended the dimensiottad results of the reassembly station operation in real time,
accuracy of remanufactured parts, with tolerance reducadd accurately guide the operation of the workers in the



$Q LQWHOOLJHQW FRQWURO V\VWHIPLRISURF DQ X MMM W \QD D/ $HREXFWLRQ HIILGFLEHQF\

reassembly process. For example, in the reassembly stafam minimizing the comprehensive cost; and (iii) data
of remanufacturing crankshaft, it improves the axiahodel, information perception and fusion technology,
clearance qualification rate of 14.4%. The intelligenteal-time monitoring and dynamic compensation of
control system increases the passing rate of torque t®assembly quality are researched for the key technologies
3.67%, makes the engine crankshaft run more smoothdf, the intelligent control system. Moreover, the prototype
and reduces piston deflection and connecting rod bendingelligent control system is developed in the virtual
in the virtual reassembly workshop. reassembly workshop of remanufacturing engine, which is
In remanufacturing workshop stability management, thtbe exploration and practice of intelligent remanufaogri
intelligent control system can realize the monitoring of Intelligent remanufacturing is the deep integration of
materials flow, information flow, reassembly process, antkew generation information technology and
alarm the abnormal situation for the managers. remanufacturing, which helps the remanufacturing industry
In remanufacturing production management and serviagepve towards intelligence and high-end. Accelerating the
the intelligent control system can trace the quality afevelopment of intelligent remanufacturing can further
remanufactured assembly, and trace the quality reasonsmgprove the management level of remanufacturing
remanufactured engine by date, order number, abnorn@thnology and the quality of industrial development,
quality, and fault type. For the remanufacturing enterprisahich is in line with the development direction of
the intelligent control system can efficiently utilize the@emanufacturing industry.
production data and realize intelligent control, so as toOf course, this paper is limited to intelligent
improve the production and resource efficiency. management of remanufacturing engine assembly
Compared with the similar direction of literatures, irworkshop, which needs further integration of intelligent
addition to quality control [17] and uncertain optimizatiorspace and digital twin technology for remanufacturing
[18], this paper also has system integration. The intelligesystem in the future. The research results will enrich and
control system of reassembly is a preliminary exploraticstevelop the basic theory and technology of intelligent
of intelligent manufacturing methods and technologies. It iemanufacturing, which has important theoretical
an effective method to deal with the uncertainty dignificance and application value for the sustainable
remanufacturing production. Multi-variety, small-batch andevelopment of the remanufacturing industry.
individualized for remanufacturing customer requirements
[30], uncertain, complex and dynamic reassembly process,' HFODUDWLRQ
as well as multi-objective requirements of excellent quality, Funding
high efficiency, energy conservation, material saving and Supported by Key project of the Anhui Natural Science
environmental protection, urgently need the organi€oundation (No0.2008085mel150), National Natural Science
combination of intelligent manufacturing technology anéoundation of China (No. 71632007), Hong Kong Scholars
reassembly system [31]. Therefore, it is important to studdrogram (XJ2019059), Chinese Postdoctoral Science
remanufacturing intelligent control system for productiofroundation (No. 2017M611574), and National Social
and resource efficiency of remanufacturing industry. Science Foundation of China (NO.20BGL108).

&ERQFOXVLRQV Availability of data and materials

Improving the performance and service safety of The datasets supporting the conclusions of this article are
remanufactured products to meet customer expectationsnisluded within the article.
necessary for the sustainable development of
remanufacturing industry, but the uncertainty and $XWKRUVY FRQWULEXWLRQV
complexity of reassembly process has become a constrainf KH DXWKRUYT FRQWU L BMeMZCaAiRv@SN\Nn DUH D
to the quality of remanufactured products. In order to deetharge of the whole trial; Conghu Liu wrote the manuscript;
with this challenge, the intelligent control system oGuang Zhu and Mengdi Gao assisted with sampling and
reassembly is studied with combination of remanufacturingboratory analyses.
technology and intelligent technology. Its main innovations
are as follows: (i) The state space model of reassembly iCompeting interests
constructed deduced, the quality transfer and couplingThe authors declare no competing financial interests.
mechanism of reassembly process is revealed; (ii) the
optimization model of the reassembly scheme is establishedConsent for publication
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XHEDR &KLQHVH -RXUQDO Rl OHFKDQLFDO (@JDQHMULDA PRGHOOLQJ IRU DIQIDAANQV RI
- LQ &KLQHVH UHPDQXIDFWXULQ@WISUQBWLRQWDO -RXUQDO R
9DIDGDUQLNMRR $ OLVKUD 1 *RYMDQARDQ 5HMWDDBK $VVHVYVPHQ
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DSSO\LQJ )X]]\ '"HOSKL PHWKRGRBRSKY EQUD\EKDIDMMHGE HOHXME SRVVLEOH OHDQQHRSURYH
-RXUQDO RI &0OHDQHU 3URGXFWLRQ 3URGXFWLRQ -
1HWR - 4 %ORHPKRI - 0 &RUEHWW RI[23] HWDQO* OPHQ@HW PHWQFH< HW DO ORBHOLQJ
UHPDQXIDFWXUHG XVHG DQG QHZ LWHPSXBEMEBRWEMHI IVROHAWDYH GLVDVVHPEO\ XV
,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRELVERORRLPUWLILF(DOUBEWDFRORQV RQ ,QC
; ,QIRUPDWLFV - EQ Q
/L * 5HLPDQQ 0 =KDQJ : HW DO :KMWQW24) HRAWFKIDEWXIMIGD eH MRPDK : :RQJ NH\ 'HFLV
SURGXFW TXDOLW\ LPSURYHPHQWFRVMH WMHSIDRWK | RF WXWR @X FINAVRIQY LW L H\X WRRREBWLDBLV
(XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDHFKHZ>-@ -RXUQDO RI &OHDQHU 3URGXFWLR
/LX & &DL : 'LQRORY 2 HW DO ORNIRF) =EKDXVHKG /NXV.WDQRDEELQJ VXSSO\ HIKWHMG RS HU
HYDOXDWLRQ RI UHPDQXIDFWOQUHLY) PDFKLRRWIRVDMHFRFLDO UHVSRQVDBLBQWWHBSDE W
- 6RFLDO FDSLWDO SHUVSHFWLYH DWRRQOKLQF
2K < %HKGDG 6 6LPXOWDQHRXV UHDVVHPXWRDDQRI 3UREBAHFIHIPRHRYWFRQRPLFV

SODQQLQJ LQWRINGHIPEOHPDQXIDFWXZ26L QULQWKYWHMWQ ; -XQ\DQJ 7 DQG SKIORSPHGWD\
,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ ,QWRIQPRUFDW 5HPDQXEDHF X BI8GI$&(Q &K
- (1*,1((5,1* - LQ &KLQHVH

=DKUDHL 6 0 7HR & 2SWLPQEBWYHPEDHHFRYDQO 3 6KDUSH 5GUMYWQSVEBPEDWWLRQ W
UHPDQXIDFWXULQJ VA\VWHP ZLWHKNVSUR DB WERHRD @R IFDFEW/EIUQ. &R PRESHWUHDWWL R@V ,Q G X VW U\
-RXUQDO RI 3URGXFWLRQ (FRQRPLFV -

6RK 6 / 2QJ 6 . 1HH $ < HW DO OHVRIQLMRW DIYBHPEOLQD/ HW DO ,QWHOBUJHQW I
GLVDVVHPEO\ IRU BNFBORD FXXMRRDOWLRQ PHFKDQLFDO SURGXFWV DQG NHWWRIFW&RQRY\
; -RXUQDO RI ,QWHOOLJHQW ODQXIDFWXULQJ
&KR < + 'RK + + [HH ' HW DO 0DWWRKHAEIRGIDH] PRCAW OUDND ) 3 % DWWRHY P D @XM DIFOV X BH



$Q LQWHOOLJHQW FRQWURO V\VWHIPLRISURF DQ X MMM W\QD DS/ $HWREXFWLRQ HIITQFLEHQF\

PDFKLQH DQG V\WWHP SHUIRUPDQFH PRQLWRULQJ XVLQJ LQWHUQHW RI
WKLQJV>-@ ,((( 7UDQVDFWLRQV RQ $XWRPDWLRQ 6FLHQFH DQG
(QILQHHULQJ -

[30] $EEH\ - ' .OHEHU 5 6RX]D * & HWDQOG S5HPDQXIDFWXULQ
FRQVXPHUV ULVN\ FKRLFHV %HKDYRIRUDO PRGHOLQJ DQG WKH UROH
DPELJXLW\ IRUUQDBR®! 2SHUDWLRQV ODQDJHPHQW

3] /LX & =KX 4 :HL ) HW DO $ UBYLMZVROEWHPDQXIDFWXUL
PDQDJHPHQW DQBKWHBMIRIAIWLRQDO -RXUQDO RI $GYDQFHG
ODQXIDFWXULQJ 7THFKQRORJ\

%LRIJUDSKLFDO QRWHYV

&RQJKX /ERUQ LQ LV FXUUHQWO\ DKXDVLWLQJ VFKRODU RI 7VLQJ
8QLYHUVLW\ %HLMLQJ &KLQD -DDRRVR\QGIREQIRUHIU/ IRV\6KDQJIKDL

6KDQJKDL &KLQD DQG DQ DVVRFLDWW\SBRIKRX¥RU RI 6X]KRX 8QLYHUV

&KLQD +LV UHVHDUFK LQWHUHVWYV L@MIOXGHHQMHQ PDQXIDFWXULQJ DQG LQ
FRQWURO

(-PDLO OFK # FRP

‘HL &DERUQ LQ LV FXUUHQWO\ 1TR/HD+BRVWBRFWRUDO IHOORZ RI
B3RO\WHFKQLF 8QLYHUVLW\ +RQJ .RQJ &KMWD DQG D OHFWXUHU RI 6RXWKZ
8QLYHUVLW\ &KRQJTLQJ &KLQD +LV JUMN@DUFK LQWHUHVWY LQFOXGH
PDQXIDFWXULQJ VXVWDLQDELOLWIFIMWWRNVVPHQW DQG UHVSRQVLEOH SURG
(-PDLO ZHLFDL#VZX HGX FQ

*XDQJ =KBRUQ LOQ LV FXUUHQWO\ D SURIHVVRU DW 6X]KRX 8QLYHUVLW\
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Intelligent control system of remanufacturing assembly
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