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'"HVLJQLQJ )X]]\ &RQWUROOHU IRU $LU &RQGLYV
6DYH (QHUJ\ &RQVXPSWLRQ DQG 3URYLGH 2!
&ORVHG (QYLURQPHQWY ,QGRRUV

$OLUH]D 6ROHLPDQ]DGHK
'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ $KDU %UDQEK
(PDLBROHLPDQ]DGHKD#\DKRR FRP

$EVWUDFW

7JRGDDLU FRQGLWLRQLQJ V\WWHPV KDYH EHHQ FRQVLGHUHC
UHTXLUHPHQWWD QG ERRYGIGQHQYLURQPHQWY 6LQFH D FRQV
RFEXUV LQ RUGLQDU\ PRGHUQ V\VWHDP\GHYHD RS\HEHDEIW IR L
RUGHU WR VDYH DPRXQW RI HQHUJ\ FRQ¥RPYWGE R QDR RE V|
FROQWUR®ILWKRHQMH PHWKRGW ZFEHOMKE SRRHIWLEAKO UXOH IRU GH
JXDUDQWHH RSWLPDO XVH RI FRROLQJVDQISY KB DRK GBIU R WP
PHDVXUHG E\ HQYLURQPHQW KXPLGLW\ DQG WHPSHUDWXUH 2
FROQWWKXPOEKHBWHUY DQG FRPSUHVVRUV ZHUH XVHG DV RX\
UDWH DX FUGIDMHFRRPRWILQI FRG KIHVLRQV LQ WKH HQYLURQF
VIVWHP FRQWURO

.HZRUGX]]\ FRQWUROOHU KHDWLQJ V\VWHPV FRROLQJ V\VWt}

 QWURGXFWLRQ FRQWUROOHU KXPLGLW\ DQG Wi
ORVHG HQYLURQPHQW VXFK V

L
3V LW FDQ EH VHHQ LQ )LJ WORQ EIWW LT E R YGFy Lo PHD
FRQGLWLRQLQJ VIVWHP LQYBRY)MYpwiHOMHHYURO  HFEROR
FRPSUHVVRU PDFKLQHV IRU,ERROLEP HBXFRODE VBgromy H J)

KXPLGLILHU WR SURYLGH RSWLRARQy GLWA\RBlvuRo VH
FORVHG HQYLURQPHQW :LWK D 3/& FHQWUDO

QHFHWYDWFKLHYH KLIJKHU H)XFALHODENFREOEDYHG RQ FRQW.L
DQG EHWWHU HOQWNSIHRMDWP HIQQWIBAMHP EHLQJ IOH[LEO\ GHYHO
FRQGLWLRQLQJ VORNHPE LQXPG LPSOHPHQWDWLRQ RI V\V\
EURDG VHQVH LV UHIHUUH GL WSRO HF HQWAHDAMVL REMWKEVON B HW K
ZLWK XQOLPLWHG ERUGHUVFRPS|P\LF®RUKBIHYWLDO HTXDWL
ZIGHO\ XVHG LQ GHYLFH FROMSURCGGIBUZLVEN WKH ORJLF 6
TXDQWLW\ RI RUGLQDU\ OFRJLEY LIGWMVSD BOWEHV IRU JUDSKLI
FRQFHSWV VXFK DV’  D&GDWPRHUG\ FRABUHAWQVLEOH IRU WKIE
UHODWLYHORUQFRQGHWWR QVNEHREDHMIBIH DERXW LQIRUPDW
SFRUUHFMWQGFIRQG HFW’ FRQWURO $QRWKRUGHRSRIDLDQ\
IX]]\ ORDMWHGWARRO LV DXWRPDW
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VWHDG\ UHJXODWISRIQ RRLWRKBNRIQGILW\ FRROLQJ DQG KH
VRPH FRQWURO YDULDEOHBFFRKULEKQJILO®OWKH GHVLUHG S
SURYLGHV DFKLHYLQJ D ORQW ISH RFWIEX U HQZ MNKKLR' X WHV HD UFK
QHHG IRU LQWHUYHQLQJ LQ FRQYWBRG WKDW UHTXLUHG KXPL

| | KHDWLQJ ORDG RV WG LIRUNG
HWHUPLQLQJ "HVLJQ 3RWRPHWHFYowbDO FRQGLWLRQ |
DQG )X]JIWRHRL QJ $OJRULWRRWUROOHU LV MXVW WR UHJ)

8VH RI IX]ROUEBMY JHQHUDO Gy LU H QAU HIFMRIIVZHOIDUH FR
VLPSOH DQG HDV\ DQG XVH RHVWIRS Rt LR YERRWURRBH
LQGXVWU\ LV KLJKRHYHEHMWRDYR QRGO ROORZLQJI FDVHYV
QHHG DFFXUDWH FRQWURO VXBKHQL\/Q9§FI%\J\RMV|_BF;J|:6gXWV bC
FRPPXQLFDWLRQ DQG PLOLWDU\ GHYLFHV
FRQGLWLRQLQJ VIVWHPV DQG LIGDW QISRMRANVIERGF KY DULDE OH
QHHG SUHFLVNLAN) FRQWURMHGKIHQ WKLY SURMHFW IRU
FRQWUROOHU LV UHVSRQVLEROHWUR® FRQWUROOLQJ

@S T
_
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)LJ $LU &RQGLWLRQLQJ 6\VWHPV "HVLJQHG E\ )X]]\ /RJLF

7HPSHUDWXUH GLIIHUHQFH |X@MEZHRQ ZEWRVHRPSUHVVRUV
HQYLURQPHQW DQG XVHUVGLIFAROQHWQWHUMBW H V
WHPSHUDWrRRHVhmvgw GLITHUHQFEH

EHWZHHQ UHODWLYH KxpPLEPWPERYMEENRQYV DQG &RQGL
HOQYLURQPHQW DQG XVHUV GggégGFPCQ(RXI;E(CgVLW®®@ULDEO
ZKLFK FDQ EH UHJXODWHG 'ﬂi{jh‘z WMk PRU BRBLQDWLRQ
ILQDOO\ WHP S HIWDWHK I H UFH jH\belT'(E DUH QHHGHG WR GHILQFK
DV LQSXW SDUDPHWHUV RI WKHEVARWHBROK R WegWV OHPE
YDULDEOH RI WKH V\VWHP %QWIHRQWKEIUWR‘HJ(%&QDWLRQ [
LQYROSHHG FRQWURO RI IDQ'ZRFKZKDV-EN WP JHQHUDO VWL
GHILQHG DW XPvwbDwhy zkWy XQFWLRQV Rl HDFK YDL
ZRUNLQJ PRGHYV HOHF WU LR QHFVYEQRIZKRRRHFWHG GDWI

SURYLGH KHDWLQD PRG HFR DFKLHYH 1LQDO IRUP ,Q W
PLFURFRQWURQKG UWRDWPSOHPF
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FRQWURO V\WWHP RI WHPSHURWHDRWHH UG IR XWNHIHR VD (ERYHD R H W H U
IX]]\ OEDIMWHG KXPLGLW\ 7KHWNDWHP BPAWYV /RZ &\FOH /RZ &
WR FRQWURO FRQVLGHUHG&\FOH YAIUIRKQSHOQOW JYQG YHU\ +L.J
WHPSHUDWXUH E\ FRQWUR K®IIDWLFRFSUMWANR ZK\LFK KDV H
KHDWHUV DQ® LIPUR MEOM® R OO WMV IKWMM EHHQ GHILQHG DV IR
WKH RWKHU KDQG EGROQQYGREAOY LRDGOMGSHEBWHU ZKLBKGLV RQ
VWUXFWXUH KXPLGLW\ EDVHEFORGLEXPLBRWHDWHUV ZKLF
FRQGLWLRQV ,Q WKLV SURQFGENG L\YH P SKHIDMHUM ZKLFK DL
GLIIHUHQFH YDULDEOH KDV EHHQ+EQK\ZKLIEK G @OWR OYHV DOO
JURXS RI VWDWHV VXFK DVDJHUR QV B WS NKHVY DHRU FRROLC
GLIIHUHQFH ORZ KHDW WHPBRRDWHVIHR G | IZHUHHY FEWHHIEU ALKQ

VPDOO SRORIVLFRIROLQJ GLEBRMBFW ZKLKEWHHQWF®OGHH W R I
VWDOO QHJIJDWLYH DYHUDJHREHDWG GZKIHHQ HQZFRI FRPSUHVVR
SRVLWLYH DYHUDJH FRRWXQQHKHRFRQMQWHRQ LV SURYL
1HIDWLYH KLJK KHDW GLARPSHGINWRUDUDWG WZR FRPSU
3RVLWLYH DQG KLJK FRROLQUX®IQHBURQFMHLJ/DUJH

1HJDWLYH (QYLURQPHQW UHODWLYH KXPLGL

W

GLIIHUHQFH WR UHIDADOH® @P#{%PLWHUV DQG PHPEHUVKLS
FODM@LIMHKHUPDO FODKMYILPBWRRBWHU WKH QH[W VWHS RI
PHD@\KDW KXPLGLW\ GLITHUHQEHX Vo JQHUDWLRQ 6\VWHE
SRVLWLYH LW PHDQV KLJKHU dJk'l"JB)(\WLﬂ'?ﬁ b | ElWPXOHV It
KDV EHHQ JHQHUDWHG FRPRDUIES WR WA Byy’L! WKHQ™ X3
FUHDWHG SRLQW DQG DV K%()&QEYV\;\KLGFLIMQHFI MHG LQ IX]]V
PRYHV WRZDUG QHJDWLYH %ch"b& UXOHYV

KXPLGLILFDWLRQ LV QWHBHEUHDOV% ﬁF!E\N—ﬁFQQHFWL@QHR' DQ
RWKHU SDUBKPWHKRKD GKEW FR GlQ Hé”\ YDOXH ZKLFK L\
LQ WHPSHUDWXUH UHJxoDWURSEY DYELRRs 4pdvREMHAFWLYH
WHPSHUDWXUHWRFKWQBPHV ZKV‘L’EKRXWSXWV XVLQJ XQGHUVWL
LQIOXHQFHV GHFLVLRQV PDEHIYRY i/ '?3\?;1 WKHPWKHPDWIL
KHDWHU DQG FRPSUHVVRUV K d—%\%ﬁ‘ﬂ SV QYOO RI WK
RIDQLJ LW VKRXOG EH QR pwP 8% \m&ﬁDQ IMHROLQJ :
QXPEHU RI PHREFHULMKQS $0 UDP WY WKH LGHDO DQG UHDO
LQFUHDVH OHYHO RI DFFXUDM]]LVL'L Ko WP HY ZHUH G
DFFRUGLQJO\ VLQFH zLWRYRMHOWpWR RRQVLGHU DOO 3
SDUDPHWHUV DQG LQFUHDVSHRV LﬁB(\oﬁ'f/F)?DLthQ WKH HQYL
DFFXUBRQWUROOLQJ FWQBL 5 ZUL VKD \@ XR@ W KIL R |
VIVWHP 7KHVH spubpPHwHUVEUHE %X Gy RY B X D UD
IX]]\ DQG DPELJXRXV HZRKVEG MWBLJD PEHUVKLS IXQFWLRQ

LQ ZULWLQJ UXOHV
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'LIIHUHQW IDFWRUV DUH LQFIXHKXWLGDILFPWIUR@LQJI7KHVH
VXFK UXOHV )RU H[DPSOHRWKHDLXAGEWEREMY RWDQGDUGV R
FRPSUHVMRHBXAIQRJ KXPLGLWREGDBQWERQLQJ V\WVWHPV  DQ
PHQWLRQHG RU FRPELQDWLR{SHULWGIPISWHWUIWWEH ILHOG DC
GLIIHUHQFH UDWH DQG KXPLWKW\ ZD WKUIDL® SWSRHHE WKH GH
SHUIRUPDQFH LV DQRWKHU FDVH )RU H[DPSOH LI

WKHUPDO GLIIHUHQFHDIQWG HYHQ YHU\ ORZ

UHODWLYH KXPLGLW\ LV YHU\ ORZ WKHQ IDQ ZLOO

QRW ZRUN WRWRKWDWKHU LW ZLOO

WUDQVIHU WKW KX RIRRIPVY MWK KD O

RI LWV SRKRIXIK WKH KXPLGLILHU FRPHV WR

WKH FLUFXLW ZLWK LWV WRWDO SRZHU WR LPSHGH
VDWXUDWHG DLU HQWUDQFH WR WKH URRP DW WKH WLPH

LN Negative SN Zero SP Posotive LP

0.5

-20 -15 _10 -5 o] 5 10 15
input variable " Temperature"

Negative SN Posotive LP

TWWAANAN T

)L OHPEHUVKLS )XQFWLR JLJOHPEHUVKLS )XQFWLRQ IRU 2XWSXW 9

io
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IX]]\ UXOHV PRUH DFFXUDWH®XP&RRM \H LD/ S/IDHNKHH QBE YALW L Y H
RI IX]]\ UXOHV DUH DV IROORZRZ +XPLQIMLHMUI +HDWHUV

IRZ &RPSUHVVRUV LV 21
, I 7THPSHUDWXUH 'LITHUHQFH LV /IDUJH

SRVLWLYH DQG 5DWH 7HPSHUDWKPSHUDWRUHH LIIHUHQFH
3RVLWLYH DQG +XPLGLW\ LM HIDWIH BRVRLQEYBDWH 7HPSHUL
7KHQ )DQ LV 9HU\ +LJK +XPUGWLYHI DYG +XPLGLW\ LV 6F
211 +HDWHUV LV 211 &RRISQHMV/@HWMA LAMRZ +XPLGLILHU
+LJIK OLG +HDWHUV LV /RZ LV&RPSL

, I 7THPSHUDWMAUUHQFH LV 62PIIIDOO
SRVLWLYSDWBHQ GHPSHUDWXUH LIV 7THPSHUDWXUH 'LITHUHQFH
SRVLWLYH DQG +XPLGLW\ LV BPRGR YBWH )THPSHUDWXUH L\
LV OLG +XPLGLILHU LV /RZXPtBDWHUV UVYUJIJH 1HJIJDWLYH
21l &RPSUHVVRUV LV [/RZ +LJK +XPLGLILHU LV 9HU\ +LJI

LV OLG &RPSUHVVRUV LV 21|
, I THPSHUDWXUH 'LITHUHQFH LV =HUR DQG

5DWH 7HPSHUDWXUH LVG/DUJH 1HJDWLYH DQ

W VKRXOG RH WMMHWHG DUH WZR

LQIHUHQWLDO PHWKRGV LQ WKLV UHJDUG ILUVW
PHWKRG LV ODPDGDQLYV IX]]\ LQIHUHQWLDO

)L 6 FKHPDWLF RI ODPDGDQL
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PRGHO ZKLFK ZD\E\GHWHDERKXPLGLW\ FKDQJHV WR IDQ SRZH
ODPDGDQL 3K' LQ DQG W/HKHH R/SHVERRBEOG W IH ®SHHGU BEW X WH U
PHWKRG LV 7DNDJL 6RIJRQRI¥RRMLGRQUHHGH § B/ B LV FHQW
PRGHO ZKLFK ZDV GHYHORSH®VYK LI WKKHHWQYLURQPHQW WFk
WZR LQIHUHQWLDO PHWKRG\GBUWHHLPLIOBDQY WWPBRVUWWXUH ¢
FDVHV OLNH IX]]JLILFDWLRQ RI EQ®XWVUDGG IZKLFK LV UHC
RSHUDWRUV EXW W EH WDHIQNGH.PISHUHQ¥EXUH GLIIHUHQFH WR |
WKHP LV WKDW B6RJQRTV RXBRS XM LH/Q W HX @ RZAHNBKOKR JW KH F L
PHPEHU ZKLFK FDQ EH OLQHD@GRUWNRBWIONNVNQMWHG LV UHG)
WKLV LV ZKLOH LQ ODPDGIFRIQWLQRRXVEOQ WM QW DSSURDF
PRGHO LW LV H[SHFWHG WKBPRL@WH BRXWBKWSMRDEWHXUH GLI
PHPEHUVKLS IXQFWLRQV RI LIX]JQHMHWWH:BQG WKLV WHPSHL
XVHG ODPDGDQLYV PHWKRG LIQLMQ.\RSWRHVI[D—ICFVWHPSHUDWXUH

00 FKPZAJH WO VKRXOG DOVR

GHQWURLG FHQWHU RI JUDY[\/\Y\{(\D\HX[PFI—IZI%B(\JIL)@SIWQ/Y_ Yy FKDQJ
REWDLQ ILQDO UHVXOW ZKHLU_H\I?)QOLV\PE Yl-_l_l,@a((g)‘ﬂ_'l.H-l N\EF@M(/SHH

LV REWDLQHG IRU HDFK UXOHp K\I,g RRH E’@\PH‘:RQVLGHUI
LPSRUWDQW ZKHQ UHVXOW\{;K éCW' POVIDWXUH EK
REWDLQHG DW WKH VDPH WLP 7KH DUH

GLIIHUHQW W\SHV RI PHWKRGV WR GLVSOD\ WK H
LVVXH &HQWURLG LV WKH PRVW DSSOLHG RQH )LJ
VKRZV VRPH SDUWV RI WKHVH UXOHV (VWDEOLVKLQJ
VKDGHG VXUIDFHV ILQDO FHQWURLG LV REWDLQHG LQ
GHIX]JLILFDWLRQ ZD\

1RWH WKDW DOO RI WKH GLDJUDPV ZHUH VLPXODWHG
E\0$7/$% VRIWZDUH

SHVXOWYV

&RQVLGHULQG EBXKPLAQ\ LQISIXYRZHU FKDQJIH LQSXW W
YDULDEOHV DQG XVLQJ )X]]\ PHWRRYRAPHRKEHFLELWI DQG WHP

JHQHUDWH DQ LGHDO FRQWLQF? WRV\M%GZQ/HLQ VB BRA Vo zkLE
DQG GLIIHUHQW FRQGLWLRQY, WKRERHRINL 0T WHE
XV WR SUHYHQW VXGGHQ DQ%(?&?SAI}:’IQP&Q—YTQbQ/‘;(E‘IQ PO IH uDv

RIl RI RXWSXWYV DQG D W\KH I¥ZV FISMHSURVFRQFH
RSWLPDO XVH RRSWIHWIDWO J

%U GLQJ WHPSHUDWXUH YDU
HQYLURQPHQWDO DVSHFWYV %%BLO@/‘BMI%\%RYHPHQW
Rl OLIH WLPH RI WKH V\VWHP DQG NHHS
G

V ORQJ
WLPH LQWHUMBWHP VHUYLFLQJ DQ
PDLQWHQDR¥KRZV WHPSHUDWXUH DQG

io
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JLIJLQSXW SRZHU FKDQJH
)LIFKDQJH LQ LQSXW SR WHPSHUDWXUH DQG WHPSHUDWXUF
WHPSHUDWXUH DQG WHPSHUDWXUH FKDQJH UDWH
&RPSDUYLOXNUHVDQG LW FDQ EH
VHHQ WKDW DV WKH QXPEHU RI GLIIHUHQW VWDWHV RI
RXWSXWWFUHDVHG D JHQWOH DQG FRQWLQXRXYV
VORSH ZLOO EH REWDLQHG +HQFH LQ KHDWLQJ
VWDWH ZKLF KD\BHINY WRORB K LV
VHHQ FRPSDUHG WR FRROLQJ VWDWH ZKLEK XVHYV
FRPSUHVVRUV

&RQFOXVLROQ )L LQSXW SRZHU FKDQJF
UDWLR RI WHPSHUDWXUH DQG FK

,Q JHQHUDO GXH WR FRPSOH[LW\ DQG QRQ
OLQHDULW\ FRQGDWURQLQJ V\VWHPV s/ yHQFHY

+9%& D OLQHDU DQG FRQWIRXBRXMARPINMUBOc20pUNgY
DOJRULWKP LV UHTXLUHG IRU VyeWHPFrRMERBX IWEBRUJ\

EH VHHQ LQ GLDJUDPV DQ LG H@ID ®IHRHDMY MOMDMW HQ I H
JHQHUDWHG ZKLFK LPSRVHV SO&DN RK V&K REINQ W RO WK H 2NLGH 6

VIVWHP +HQFH WKH DGYDQW®RMHYR RPRGyRIY & THPSHUI
WHFKQLTXH D(QJH-HUJ\XDP(FLQ\ZXIHSW??‘E@QNQURO SIVWAT 8\(/3L\/\(/?|:|]UQ)E)<1/\]/\1

LT XH ,
DQG LWV PDQDJHPHQW JHQHURW LEE) BQF RS WD UFK Lo
KXPLGLW\ DQG WHPSHUDWXUH ,RRVUHDW L IHOHFWH QROLQ J 1R

VXGGHQ DQG UHSHDWHG RQ>D%LC9CPQQP Rl 3V \WWIMBRILF DQG SHI
VLPSOH DQG XQGHUVWDQGDE Sé%ng\;"%ﬁHquﬁdDWZ HQHUDWL
WURXEOHVKRRWEQRYHPHQWORIgWKK 7 +DJKLJKDW ) 32SWLPI
VIVWHP FRQVLGHKX{RLG GW \| HDIQHBOWMQ WLODWLRQ V\VWHP GHVLJQ
WHPSHUDWXUH FKDQJHV 7KLV RWHEKOLTXRRYZUEE PEIQW 3D

DQ DSSURSULDWH DowHUQDWH THERSFGR FrEW S Q) PG
FODVVLF VI\VWHPV
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> @ 6XJHQR ,QGXVWULDO $SSOLFDWLRQV RI IX]]\
FRURO (OVHULHU 1HZ<RUN

> @REL 7 +DQDIXVD s $§ SUDFWLFDO
DSSOLFDWLRQ RI IX]]\ FRQWURO IRU DQ DLU
FRQGLWLRQLQJ V\VWHP~ QW - $SSUR]

5HDVRQLQJ PD\ SS



