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)LJ %DVLF YLHZV ITURQW WRS SODQ VRIGHORE@G O' FrR.RIZGAMWNHWV 8 MALVIRFDRORVRRUGLRDWH VIVWH
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\VWHP ZLWK\ORFG)KDYHHDI
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VORZHU FRPSDUHG ZLWK WKH ORFE® PRWLRQHR RW Kis WRIER ¥ @ & RU B dibtidO $1R MG
WLRQ RI WKH XQGHUIUDPH DQG URERW DURHLN UHOTPHH R MHRBERMD M WBRSIRAGD) W
L H WKH DUP PRWLRQ GRHV QRW EH RIQQ WEKH RJUIHP WKHRHV KRG HDIOR QB HD PFRRW L R Q
WLRQ LV ILQLVKHG DQG YLFH YHUVDEC,Q QVXFK FRINSIOH PWHQHY WE REQUBEZRNV B Q .
FRQWURO REMHFWLYHV FDQ EH FRQVLOHQHG DN RQIGHBMD\G HRO LOL WK R XM
PXWXDO LQIOXHQBLW K IHD SR FHUK MEK HJ @ B B B © HRE/M MKW LUR W DY U R @ STHFR\KLYGH O
LV LQYHVWLIJDWHG DQG GLVFXVVHG WKH FRRUGLQEDMFRUUHVSRQG WR WKH

7R DQDO\]H WKH WEMHERANG PRWERGHELRMERGCLYE GX P Qr MR L QUWHD Q) .REH
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LQ )LJ W VKRZV PDLQ NH\ 056 H WdsW W \Y B B NIERRIWY K QURFE RWX WL QJ Vv
VIVWHPV 7KH URERWLF DUP LV PDUNH@ \E\ ovZFRHIYDRRH BRAGHKDW D ORI
ZKHUHDV WKH XQGHUIUDPH LV UHSUHMWH@WH® B\ \eRULVEHRER B 6OFE @ BE&X § DQWR )
ZKHHOV HQDEOLQJ SODQDU RPQLGLDBBWMALRRD O URRWARRP S)XRWH GX WW KMIIH M
VWUXFWXUDO G HOWDD 0N PHWH UW\H FKGILE B& DR)XEV > I®YH WRUTXHV LQ MRLBWYV L
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_ _ OLQN q A f
A. Kinematic Model OLQN A
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7KH PDWULFHV RU VHW RI DOJHEL@DR/QLHTXDWd_R%-VEJ(IgSWVqHQqW WK%XVR
IRU WKH SRVLWLRQ®WQ & IOHF FHHOHRFDWLRQV DUH FRPSXWH

E\' WKH DSSURSULDWH GHULYDWLYHV RI 7KH SDUWLFXODU '+
SDUDPHWHUV IRU WKH FRQVLGHUHG 1RWH R¥ERINWDNIRLQWWH DVQKIFOPHR B BHREGEH\WQ B
LQ WKH 7$%/( , RI WKHESREQWz: ® IURP WKHEG\YWHP
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B. Dynamic Model
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PE T,T, A A Ar P RI WRUTXHV H[SHFWHG LQ WKH SDUWLF
7KH PRGHO LV VXLWDEOH IRU NKUW

JRU WKH UHPDLQRGWSRIR@DQKYRW EHXGHWHREWDLQ WKH VWDQGDUG OLQHD
PLQHG DFFRUGLQIMWWHRVH SRKRLQWN G URIWGERORDUWWHDRDEHIROORZYV
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RI MRLQW WRWPTRGW X[LOLDUN YHRWRU F

q

if yyt Sxt q q elseq q

w Mu
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RQ WKH VWRWH 8@ FWRU Y KFRRQVLVW

WKH ILYH MRLQW DQJOHV DQG WK

ZKHUHTy Ta Ty Te LQ DQG DUH WK\NKmRPRZ H UP VEKHPBIV)LROORZ YV
WUDQVIRUPDWLRQ PDWULFHV ARUQ@EUDQVODWLRG DUROJ WRH DL

DQG IRU URWDWLREC DQE&X@ G WKH D[HV X &0 999ggqgqggqgqgaq®
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/HW XV FRQVLGHU WKDW WKH SUHGLFWH YHT RBOWREY NKBYX A G LIFHIHRGDA H
WKH FRQWURO DFWLRQV ZLWK UHVFSIH\WWHWQB(V\N%& H 2 BivpHARVH PR W LWIRIOH v
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WHUPLQDO DQG NH\ WUDQVLW SRHQW%/EI@(?QVV@@@\%@ %’%@v@@"@'éw W&%“’
,Q WKLV SDSHU WKH XVXDO ZD\ RI yWKHCPRWERQ UHSUHVHQWDWLRQ

YLD WLPH SDUD P HNWU L M & RERRGGIUM
FRQG ZD\ ZLWK VHD NEWRA GI ISR 1 B QY. D/ L]Dﬁﬁ.gqu}zim CBU

WDVNV RQO\ VHH > @ > @ 7KH 03& GHVLYQ IROORZV IURP WKH DV

VXPSWLRQ WKDW WKH WUDMHFWRULHY)PR UBAS) UCAP HBMUL]HG ZTBWK WKH HT XL
OHQW VBFBSOKEKHG GLVFUHWH VWDWH VSDFH PRGHO

. 7KH HTXDWLRQV FDQ EH UHZULWWH!
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Vi C %, K Fr Xk Gy Uy
7KLY PRGHO LV REWDLQHG IURP WKH PRG@% WKDW LV XSGDWHG
DFFRUGLQJ WR UHJXO®R B xVXWR WH 8 HEIVVRY H PH®Q G, <# % #)

FUHWLJHG LQ HYHU\ QHZ FRPSXWWDWLRQ RI @K FRQW@R“OBDFWQ QV

A. Criterion and Cost Function C. Minimisation of the Criterion

7KH EDVLV RI 03& GHVLJQ FRQVLVWV LQL®R IPRLIQbRLIRY LIRIQWRd HWKHLRUHU LR Q
WHULRQ ZLWK WKH DSSURSULDWH FRNW QXN\WEA\REH DQW RIRRWHIRTR DV IROO
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7KH LQGLFDWHG VROXWLRQ DULVHV IUJ
FRPSRVLWLRQ RIZKKAKPDWXYVHG LQ WK
DQ®%yw D@ DUH PDWULFHDWLRMWDBHIEQREAWPY > @ UMHSIWMRH QWY VTXDUH U

PLQLPXP RI WKH FRYJ&W ZXQKWQRWKH KR

R'Q VXEVFULSWYV I1RWH WKDW WKH L DDUFAR Q /RGO GOHFAN |
«

Q";Qi « % e AYWU ® VXE YHFWRU RI WKW RDIWUDROX AOHAFAGR
« Q'Q cAywu 7TKHQ WKH FRQWODREG DHWRRXWHG LQ'
- 4 RI HISHFWHG MRDBMRWRUQ X MAR
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9 '(021675%$7,21 9)27,21&21752/ )XWXUH ZRUN ZLOO EH DLPHG DW DQ

,Q WKLV VHFWLRQ WKH SURSRVH W Hq@’m&%am'{ﬂ'-m
FRQWURO RI WKH URERW DUP LV GH |
PRWLRQ WUDMHFWRU\ ZDV FRPSRVHE;R 'é'@@ %%%HBWSMHVHW(AE

ZKLFK ZHUH WLPH SDUDPHWUL]JHG DME RQ Y rRSRY lDQ/\mURER
WLPH KLVWRULHV RI WKH NLQHPDWLBQTGK@@ LL\ﬁ/)éﬂDV\b URRERMWURBPD W L\ K
DVVRFLDWHG ZLWK WKH GHVLUHG DUP PRWLRQ IRU WKH VHOHEFWHG
UHIHUHQFHDSRLQKWRZQ LQ )LJ 7KH ILUVW IRXS)W®R&Y DUH

IRU &DUWHVLDQ FRRUGLQDWHY DQG Wit H kU, GHYIR DWEYHY e ek HW\SHQ\%
DFFHOHUDWLRQV DQG MHUNV 7KH ODWWRXWs RO WRZ VKRZV WKH WLPH
KLVWRULHV RI MRLQW FRRUGLQDI/UIN: gL QBFrRDOWUNLQ Wik B O W B 8YF k WHRHWY Hi ¢
WLPH KLVWRULHV RI FRQWURO DFWLR QWUXHWILRI® RIGD E)\R SRIR & RV KIG 03RO WK R
DQG XVHG 03& SDUDPHWHUV ,W LV REYUREXT! WIKD W LTMAMWEY BYPK BRORM R RO W
FRRUGLQDWHY GDVKHG EOXH OLQH\ @D2u$Ly @WG&DRQWEGM\@WHW@WWH
WKH UHIHUHQFH FRRUGLQDWHV VHROLG" ﬂm VOGL& Q FOVH RI PRELO

URERWLE VIVWHPV ZLWK WKH URERW> A) 3| ‘

QLSXODWLRQ RSHUDWLRQV VXFK EHK %;g 5 E@;@D

IRU YDU\LQJ ORDG ,W LV JLYHQ EDWK U BQ,Q Fi)';ﬁ,
H&{DQWR%?@D;% QRPR

SHUPDQHQW ORDG DERXW NJ DQG M \Mb Reubp L® dorRYDN
> @-

9DFKIiOHN yDSXBRIWN8 DQB ) 7yWHH3&R
9 &1&/86 21 PDQLSXODWLRQ RI D URERWLF DUP XWLIQRDWKI

’ ’ VIVWHP ~ ,QW &RQ@IQWQRWRAMYEV&Np 30HVR
7KLY SDSHU SUHVHQWY WKH DQDOAVEsV 2Rk PB B H. FRiEOW bR @saR se.Mabikdo Wik HO\b L @
RI RQH PRELOH URERWLF V\VWHP WKDW RQVXPBXWILE8S HRG LDIGWKW WL D'EBWMF X OB H

DUWLFXODWHG URERW DUP 7KH SUHGBQV\?EQ\MU'&?{ @PQCP%JI-P\V\M'QPVF P—”Pi%\/é/'

ZDV LQWURGXFHG IRU WKH ORFDO PR\@ ngzw
7KH SURSRVHG VRORWDRIQVDESHHNGR e 35DQJH VSDE B G WIRE LAY
FHQWUDOL]HG FRAWRUROF RXQW WKMHJ\R BEXQ VO 3 6\RMHAAL O J

DV D RQH FRPSOH[ WDVN ) %NoelaQ3UE|BLQMMQQ/QWUR%LEWVJ%@%LK
GHFHQWUDOL]HG FRQ®G HBSWFRDWHIR GQHBIWR W KRD WHWKBDRIRQI 3URFHVV &RQWURO

WKH PXWXDO UHO DDWLRRWVHIU@WR [ NVRWEMEDQ R &l b GREQ50 ¥ DIHIRQV ¥R @ DUGIY SUREOHP
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