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Although the classical PID (proportional-integral-derivative) controller is most

widely and successfully used in engineering systems which are typically nonlinear with
various uncertainties, almost all the existing investigations on PID controller focus on
linear systems. The aim of this paper is to present a theory on PID controller for nonlinear
uncertain systems, by giving a simple and analytic design method for the PID parameters
together with a mathematical proof for the global stability and asymptotic regulation of
the closed-loop control systems. To be specific, we will construct a 3-dimensional manifold
within which the three PID parameters can be chosen arbitrarily to globally stabilize a wide
class of second order nonlinear uncertain dynamical systems, as long as some knowledge
on the upper bound of the derivatives of the nonlinear uncertain function is available. We
will also try to make the feedback gains as small as possible by investigating the necessity
of the manifold from which the PID parameters are chosen, and to establish some
necessary and sufficient conditions for global stabilization of several special classes of
nonlinear uncertain systems.




G HR TRy N—

@BRIR  BRPXAZBEBFIRERAE. 2XF, BX "TAIT R, WERXZE
EHRZFETEZREERK. I9NFENEXRESHNTAZBSSITENIRERRELS
fiI. 1992F1994FENMEAXRBEAZHSTEZRTEEHUE. 19945 EBEMEXM
REABKEESS5HENIEZZDERERSRNEASERLRET(E ; 1998FFEE!
HIRF RN REHIR | 2000FEFHEEHIR. 2001FRIBEFTBIYAEBFIREZEHL
1%, 2000 3XEfREFBSTEIIFS (IEEE) TERRERF), 2006FE2011FHFWR
KEBHREETREZRRK. 2008F % NIEEE Fellow ( BfREBFS5BSTRRITFESKR
T)  UREEETISE AT HEB, 2010F 5808 R Y| A M8 5 3 2 1) S FE 50
201 1FRFRINEERFEHE SR, 2012ENEFHEBECHER "FATL" FEER.
2017FNEARINTHBINEBERAL "FLEITK" ARAZ. RARTLTRILEA. SEEAN
REH, EFNSARMNEETSEWNSE. S/ HRREEERLIREIEN. SEEHTNE
K. &8, ERESZE. ERS63ITUFINERHNRARBSORT , RBPMASARHR
FHEZw. EHBEFNIIN, KFRICNXHEL SCUIRS5005HK., SREFKXREFRSUMFBILX
R, NMBEERSN EMBEEXSIRE30RR. IMEEFRBFSBESIREITZESVBASERN
UREREZNZNEGREARTINRE | URSPMERFEASNNASEERE  BFERS
FNERSEFEE,

> WA E - Algs NS EBR . SkARIALE

> A

Mg ARENSFAZEHOARHDEENEE  BRANREERS  BEEERE. KHEE
M ARARRIE LTS , RENRARFHNEERERBEMR  NEISTUHRARR
S AFERNSEANETLE  BERRISAZFINLRSANEERRIIANK. KRS
ABBAEN SR AZH S ENAR. RBMNEBESEERANEHNBIATNE KT,




& ek k%

PR EBMHAFRFIERHFERE , IEEE Fellow, IFAC Fellow, AAAS
Fellow , #BEBKIIFEHEHRE. 1982F W FAILTWAFFMIER , FIFFLTF
fiI ; 19854, 1987FF1990FFEEZHIBAFDAKBEBSTIEMT. HEMETRBSTE
BErFEM, B1994FRHEXEMMNAFZTESRBEHR. BIEE. R RBSIER
EE, F0L0FREFBERHAREBFILRERAELRE , AXBEFE. BEX. BRXFTF
SHAZFHEEIHTOHBREZELE. RIVGFEZEEERRZEESSALETFHER
(CAREER) , 2004FHANESEH TRITFS(SICE)ERE , 2006FFEERBARFES
ZRETUBINESFEFER., BHEEIHMERPBHRERZFEESR  WE (SIAM Journal on
Control and Optimization) BIZE#%% , IEEE CSSANHIFEIH A , IEEE CSS DELEMERFE. HIR
% Z& Control-Oriented System Identification: An H-infinity Approach (Wiley-
Interscience, 2000), Stability of Time-Delay Systems (Birkhauser, 2003) , Towards
Integrating Control and Information Theories: From Information-Theoretic

Measures to Control Performance Limitations (Springer, 2016),

> H: FIRFEWBM L4 56 B8 B Pk A5 HLaE

> a2

PEXR R (CPS)BATHSBMAERITRARMBIRE, K ZIANARBEITE. Bl
SYPERFRIFT—UERERA |, BEM BZREZETARE, 2o EINASEEN., E8
e, EHRRGHNESIEEMATEE. (FAEBERHE  MENEFBTBINNEZRESR
HiIEARBTTEYE  XEEAR. MERASNERITEIHGIIEE , MEKNR RS Z B EAIE
i BFERNEUTEITERRR. WETRRITENARERE  RRERSIFHNTHHESEST
EBINRR , NERFIEMN 2. MENERENRE | UEBRREFREMREEER.
EFRAZTREMENIEEAREN , SIEBF. ARRMZFSTEFRNEEXT] , B
EfREFIFSIABBR— M GRInRR. SRSEEMNESIE  NizHEICrIAEREYIERM R
S , LIS |REH R RTRXE.




G R TRyE S—

WitE  EEYETS BTV AZHIE , 191FEHMK TV AZBESTIREAKELTZF
I, BEAEGATIRENRNEBNEFHRARAALRIEIMRIMELE., BBH-FHRSELT
HRBARIARBRELBNBEERPEENMUEEERRAEARERERE, WAEEY
FHEBEIVAFESSHENIERHERE  BEHRARRAMAKURPEAZZER
%, BHEEERRRESMATY) (Control Engineering Practice) H%ZE., XIHUIZRIHAR
Sz EEmEHELS. NB—ARURRE. TUNBEA. EHRE. BHBFIRE. &
BEEE S,

> H: Tolk4. 0% 5T BN 5HLE A\ B S 18

> g

RENBANBF— N RBEFEFEREIEATEHEZRMNANMDMER A SHERARFHRR
HE. TWAOFHERNERTE. RIEENBEEN EEBEVEEZYNREMERXMERS
RREEHE. MNEEEENEEM. AN (FIMER ) . EBENHNSMIUREK
&1y, MBANBEASELARIEBNRREARDRR. FRES[IEERBOFE TENS
EEEMIEE, At , EEFECESREETITRIMALE (MALERE ) 2t LREZ
MRROATD. ERED , RMNENEHBEEERTASTRARKSFN—LEHARIEE
(REg. RREGH., SN, AH., Z2MNITRMEF ) URSHERFAERNEXE.




&) ez % k3

miplE , BARRIBAZEE. BR "TA" ER. TEARTBNNERRSH
Bz, SREEFMNRENSA. RARXRBESESMIEEESRER | URBARNE sz
F2. BANWMZESMITMNEFINEEFNSR. 1999F 5 RHHERMPFEELR —ERE
fREMEFRKES (IFAC) EH IEXKRMFIC XK. 2012FF20155F Ai&Thomson

Reuters Highly Cited Researchers,

> & H: ANew Concept Electric Cart for Maintaining
/Improving Physical Strength

> fH

2016FIBMBELERETCSTZ U LHAONESBARRBALON26.7% , HH805 LA LN
REBITLIFTH , HAEHABBRTES. EAFPEERI—TRZINTERE-M. BAREZHF
A EXIPIE R RENMET T MME R , UHAZEBFRNBARARNE BRERTES
AERHENFR. A REE5RBANREMPETNMILRKET—MEN. AR HMEHA]
FRI—FFEEABBNE, ZEHNFBEISEE— TR R TTRERFTIEHERENDS
TN, BERMEHoES, SSHToMIMEFEHEICIIN T ETERE ST AT B
RERERIIEMEFNH T ZIMBRNEEEH.




G R TRy -

PBREF , ST T A S EE TREREE , BEESIT. 1995ERISTFHRARRER
T, 2004FE NI "SHHEISIAF TR ; TUEhEEHHS LRSS 50
HEUERLBEE  WISESLEYLS FESLNESK , FERIYLETRHE
VERLETEERLER. FRMAAERSEIES , RFEXIO 10085 , 1999FHE
BREEBHIRES AHHIRES GERSIERH) ; 2003 EEFEELENUSNEEHR
IEEE B3I RS2 225 2R ERLIS I Adaptive Iterative Learning Control for Strict
Feedback Nonlinear Systems) ; SKEIBFRI T ERHL #E = SRR , FINTAR SRR
— %4201,

> W H BRI P B 5 DR B L Bk A 1]

g 3

LTI EFFEEEZRZRFRTERXE LNESES  EREIDEZERESFITE
R CEREOEHIRA. EHRRTNERZRZBABEHBERENR  EXIHEE)
BFRFETHR. ARENBENZIEFHNITVNAESS | FEHNASLE , BrEER
MSEEFRFRE , @FArimotolRHNXTIERNZIEFHNEFARIR., ZINFEZERE. K
RRESZIFZNMERN. BNMXMEFHRESTSEGNERRETTE  RBRTRR
SERRERES RS | FAREENZEIEHRNRITERAD SRR,

10




&) ez ¥ % 3

O (n)a45EE A

=15 IMI=M TR ERBEE
Mtk - AN T IR X R K ER 5385

i

. #:13867469319, giuxiang@zjut.edu.cn

RIBREL : 13456979857, junweizhul001@zjut.edu.cn

B % :15201018495, quying@amss.ac.cn

BREIMBIE - T atMN e X BE288S NI T XFER TR
( #F%% : 310023)

O (+t) mis A

& 3
( (@) )
-
S8l IX
ROVBEHT IRERE B R AT RIS K DZF |

gl




G TR

O suzEsHnE




	封面
	目录
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

