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1. Tinh chb thiJfc a Qtai

H th bag KIDJtnm"badcd ggm nhi Qu thi/t b
L€ ng doO©y, trUYm biJjn 8&p VvLi L®YyS§p vin tft
ch”™ ti°u quan tr’ ng tr olnrgo ng8nth- sgi Smacnhgblt
th', ngh2nh do s, khl'ng c©n b3ungmji t&osF
L | ch tfn .o sTfToandg<chngthiinag tit°fun tsh,
h™ tdhamgl, ng w6 w.aii tifrchs ®aohng bh' t
ngdain.Qu n"y gO©y ra nh_ng [mhh€ehihngcgblut

Li " n L€ ¢ thift kJ v~ IlrémbvitEntsi €ba
LJJn gi[m nkng sublt hoUt L'l hm.xi Qo cricy td
LJJn c¢c8c L, ng ch khtng | " m vi d lh¥gng tty
de, i5 A m t s  othha bumgh¢Si§ vtihacy L7 i tf
s ¢ t4i ngu”"n Li. m'do vyiiptmHt thigi rta Usro
th3 LiQu c¢cfn thifgt |7 tfn s. RHBH{finkhOQug
Li " n trong h” th ng Li n La kJt n i s¢€
khitng ° tfn s° danhqul8 trbhghh Sgh& uly” mi  mn d
d, ng t. h-a trong c¢c8c L, ng ch cIm _ ng vV

Ch2nh ,v3 uddhy 8n L« nghi°n ¢, u LQ t i
trong h” th ng Li " n La ngu ' n ph8&8to nh?
thing minh LW hgtUulemtgg thfnth” ng Li n La
2. M_cl 2 tudh anvaphimvinghiéencu, ph<€hng phh&p nghi ®°

M., ¢c L2ch Bma H3urdm Bna h° thlby Wkiz' .
h3nh | " c¢c8c h haitvihgvalgavihg - nx ®t]t Lgjn im hn inrgg
| € ng t8&i tYo wh/€éncthcgg!| € €hg®mEh - t ech ¢
trong h  th ng dXn LJn tFn s~ v° c¢clng
tr° danh L nhd8oh€htBg $JJuct a quatrinbytdnb’
h"nh, c¢c8c th” nh phfn c_, a ,thiz/hth b'r_ | "trh®
h'

Qo

th ng, s, [nh h€ ng c¢c_,a nh_ng ngu n
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th  ng INlhdm L nh r=ng LOY |~ m t L i t-
qusg8 | . n v° ¢+ rblt nhiQu bhiangily rnd iwnc
L'i Qu khiwn LYi s, PID Lhn mgilfdgmkis’

th @€@g2nh v3 owmdty, nhmntg tmm, ¢ L2ch quan tr
nghi°n ¢c. u c8c ph€ehng ph8p Li Qu khi€wWn
| © ph€hng ph8pJ/Jti Qup & v p kv&h mg hdatoBgpkhit ~ i
xem x®t h' th ng wTcany Juldit c §lc” mh ocdhio pH,
v / hoHc, btbit, Lt mhi gian trong h  th  ng
t8i tYo LJn “n. L nh tFfn s h  th' ng

V.i ¢c8c m,c L2ch tr°n th3 nhi m v, <c¢_ a
U M h3nh h-a h" th ngb#di vikngatkdgd d°tC
gian tr4Yng thsg8i, theo dldng h"m truy

trong h-tndih " mg. ng th" nh phfn bblt L[

| € ng t&i tUYo.

U Nghi°n ¢ u c8c b, LiQu khiWn, afm. stht

PhUm vi nghi°n Ter °un cgha sl'udmgh8inn ¢ u
gi [ vQ s d. ng c8c ph€ehng ph8&8p x©y d, n
Ki Wu uwQm tvi theo m* h3®nh kh!'ng gian tr
L thdng s~ h° th  ng thay L'nT ngr oamgiqphon
ph€hng ph8p LiQu LiQu khiWn th'ng minh
gi i ph8p mh mwhitfm8n" h th ng Li n
c.a b”"i t@®gnd nigg M W3 nh to&n cho3h"  t
vi%ng (m8y ph8t, ph, t[li,..) w@eh€etkondl[h’
c.a b, LiQu t «?!n@DDB)YARC)cBdci§ typ/plh Yhcam h
thing s~ h th  ng thay EkES§c mmgoang oq&edgt

nh€ c¢c8§c ngu n ntng | € ng Li n gi-, Li°
vi ¢ “n L nh tfFfnTs c8§c¢omigfm L tmg ngQ m§\
t i, l udn 8n x©y d. ng |l udt Li Qu Kkhi Wn

l ogic m , c8c b, LLIQQu kkh iWwn )t peiod ‘@dtg hrd
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trong c8c gili ph8p!myg bc'8§cv ctlhg ct rkinW
MATLAB/Simulink, L- L&nh gi &8 L€ ¢ hi u qul c.
tfn s’ L« LQ xublt.

Ph€hng ph8p nghi°n ¢c_u c¢c,a ludn 8n:

Nghi°n ¢ u IT thuy/Jt: XO©y d ng m! h3
theo m* t[ bung h m truyQn v~° RKbhng kb
L " nh L€ ¢ mt t[ thay L i sao cho ph%¥% h

c8c ph€ehng ph8p Li Qu khiWn thltng minh
khi Wn khi h° th  ng,cy/omhtngpniutuy/]mnblt
| € ng t§&i trdmgt a8 dirdanh hoUt L mng. Nh
clng sublt tr°n L€ hnog hd©yt hginga Ld§cn wvian g

Cing c¢_,: LT thuydd diilQiuQukhkiRAnwWnm t = |
L'i Qu khi Wn Ilhanig tp hi§ p€ungch8c nphc€ u m”~ c8c
Ludn 8&n s d_ng I T thuy/t, Lbi QulikGQu W
theo m! .h3TA moobhu i Qui kit VWMARI3 m ra | udt L
€u phlfn h”i trYng tvgiddcdp tkdtl[ cn&en gd &ka W

do nh h€ ng nhi_u, L[fm b[fo t2nh "~ n L |
mQm MATRIABul i nk LW ki Wm ch_ ng t2nh L%¥nc
|l udt v° ph€ehng ph&8&p LQ ra H gi§, 8. L n

c8§c ti°u chuXn ~ri tTtnnbd. e, simh ¢honglni
n"y s€ | " nQn tIng cho nh_ng nghi°n c.
L " nh ¢clng nh€ t i ©u h-a v’ LiQu khi Wn
3.h nghaacvathocting a Qtai

Nghi°n ¢_.u trong ludn 8n n"y s€& s

ph&8p to&8n h ¢ nh€e: Ph€ehng phs8p Li Qu khi
L'i Qu khi Wn t Hew LHt H3enhk mXu <€u thhangi
Li n La m8&y ph8t kJt n" i thl'ng qua Vi
c8c t8c gi [ tre c.

n“ng th i LQ xublt th°m m t s thudt
Lfu ra t°t hhn L°i v,i y°u cfu LHt ra.



4

ni Qu khi Wn "~ n R nthh trfogn glsip m@ trloan'gi | €
vbin LQ rblt c¢cfn thi/JtLvmleblp b€8kbhndihat
v " n L nh ° nthfRam sl'[ nd abnfho Lc &ch t hi Jt b’
t " i <€u nhblt

4, B ¢ cc aludn an

B ¢, c c. acatcuhd@mrgg®: ga un

Ch€ehlng ng vgqualni Qu khPMWantfhcls vQ LiQu
h™ th'  ng L.i Rmh@m tkJjch§av cihgnh rgindh nghi °
trong v° ngo’i n€© c¢c. Nh_ng LiWm hUin ch]

Ch<€hih:gch s° |'T %t hhudynjt hWw-"a mh™ th ng L
dung ch, yJu d.r& nhh®Kryg crh” s | 1lgl pthh8uwy Jti
khi Wn v  mkow3dhnég-a h th ng Li n vQ
khing gi anMtt rpdhngngt hc88ic. L&§p . ng c. a h’
MATLAB/Simulinkb™ [nh h€ ng b i c¢c8c y/Ju t  ph
t YyovifJEn s c¢c,a h th ng.

ChehngThlil/Jt KkIJ b, L'i Qu khi Wn st huddtn gt
| T thuy/t “ nchlo nhn Ly aphuntofyn s~ h° th’ n
bin khtng h"i nhi t.

Ch<€ehlwgThi Jt kJ b, In @D, k MPSOAPIEF ni s’
dungc, a ch€hndgtlikQu khi Wnm tRIDIhWi @i nkhi Wn
L " nh tfn s° ¢, a ,h thih/ftn gk Nm b RSOUADEho v kANIg!
h th ng Li ' n c- ba v¥%ng khiowng L€ cc §tc |
theo h™m m, c ti°u d a W0 ppmh+@tyn g Sph § pn
th " ng khi s d, ng c8wongzach I'i Q" kdi W@t nl |
t phi tuy/n, bblt L nh, wZnk- -trs, . tWhaimggii
ngu n ntng | € ng t&8i tYo nh€ ntng | € nq

KJt ludn vTrknAnbhghnh, ng kJt qul L
L&§nh gi 8§ vQ k/Jt qul LUt L€ ¢ v° L<€a ra
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CHhu NG “ING QUAN V/ n IlJU KHIgN T&IN S
1.1.n Qukhiwdtfn s trongh th'ng nil/An ik
Tr°n thtcht/Jtm ng Li n csEnIpmlivil &p &
L'i Qu ki n sau
T Cing sublt pphh8ti v~ tprhngt [tihg8i c¢c©n I
T C8&c ngu - n d. ph,ng ° trUng th§gi
v® Li n &p c¢c,a h" th ng Li n tro
vdn h”"nh b3nh th€ ng. C&8c thi ]t
cho phép.
T Khtng L€ ¢ th ¢ hi ' n sa thli ph,
fM cnmatli c¢c.a L€ ng doOoy v~ m8y bi

LQu d€e, i 90%.gi 8 tr° L nh m c
T T C8§c nh” m8y Li n v~" c¢c8c thil/Jt b’
s cho phép

T Tfn s~ Ww' th"mgs8p tUi c8c wmorg tr -
ph4dm owhép c h

Khit Ti ° c¢c8c nhingtXiu° i hti B _nd Xuhi alA/]in® nti ftn,
th " ng v° c¢ctng sublt L€ ng doOow’ 't hLdm&mn" ty
t . hi th ng Li n | " mgv@y cr ak hnithn gn gb 3hnchu tchus
c§c ttiomgAt blhi nmy.

D a v o th" i gian thay L i c¢c,a tr[i t
c8c cblp (t RE¥WIGTEBCNTY thnd S sau:

U Ani Qu ch nh Lt'fnquss” tgsH nhbld:i Qi nclk " n

th " ng Li " n L€ ¢ th ¢ hi " n b"i s |

b h” th ng LiQu t co.

U Ani Qu ch  nh :t"fngqus§ ttrE nhcH@ Qu ch' n

ch"nh tfn s° sh cblp L€ ¢c th, ¢ hi ' n

L°vi, i m t s t° m8&y phg§t Li n L€ c

H

hoHc h th  ng sa thfli ph, t[i theo



Theo nh€ thtng t€&8r£n d Ycg LF.u Lhi Qu
Bib€ ¢ th. ¢ hi tnceda bihdlmo bph@p Qtuh alyhil”™ i
oHc qona€ictc m8y tft hayc Bd iitHsn s$S” L, d ¢ LH
" W) treng caab E€8pPpi Qugcb nh tNmMesvdyt
i s, thay L i ¢- gi,ingh¥n ¢, agph,j Qurl
h @blp.Li Qu ch nh n"y d%ng LW nhanh <c¢ch-:
lng sublt ph&8t v" ph, t[Fi nh€eng vX%n t°~
'm thay L i tr o | ©uChb2nliublichy mdangdg f
cblp I'" bdt bu,c. C8c gili ph8p LiQu Kkhi
ch"nh sh cblp tTugnghh ™ nt K'Wndg h, ¢ hig nc fLni
phl[i th, a c8c y°u chlp hhebdiigbmgQuy @hn)
sh cblp th3 khtng m t gili ph8&p LiQu kh
gi. i h4dn ph, tT[i (bgng LhidQu tkl[hii Wnh tsnhtg clE
k
L
m
b,

o un < o0 T O

hi tfn s° qu§ | .n xublt hi n | %E€hety c
i Qu ch " nh sh c¢cblp ¢cfn phli LiQu ch" ™ nh
blt c¢c©n b=yng gi.a ti°u th, Li n v" pht§
. c8c ngu ' n g ¢ g®©y n°n t2nh tr_ v" |
vingec h JJt v valdifQu IKhci Wn sh cblp phrli L€ c
nh. ng y°u cfu tr°n L"i v,i LiQu ch" nh
thw ch” c¢- LiQu c¢h'pmhilsikQuc bdph "m'h .BHIin csf
nfjah” di. ng Ui%Qu ch " nh sh c¢cblp th3 khi c-
n L nh nh€eng vXn lutn t°n t4i sai | ¢t

Vdy m, ¢ L2ch ¢t yJu ¢, a t, L ng Li
h th " ng tr° vQ gi 8§ tr danhrdonh’, i LgiQ.
v. ¢ theo m t kJ holUch x8c L nh, b3ng vV
ph&t L€ ¢c | a ch n tr€ c¢c v phehfg phst
LFCCPh®©n b" 1 49i 1€ ng cl'ng sublt thay L i
ph2 vdlnuthi nlhutn c¢cfn LIm blo ¢c- LiQu c¢ch
vdy LiQu ch" " nh tfn s° th_. c¢cblp c¢cfn phrli

E



v

ch" nh t¢hBlp sAGEChm, EWLLiIi Qu khi Wn c¢clng su
L§p . ng tfn s c¢.,a h" th ng Li n t. ;
khing tham gia LiQu ch " nh tfn s th_  cl
V.i mt h th ng Li n c¢c- thgVv Li"" rm | i
k/pti . a c8c v¥%ng v, i nhaiuhthitmgngudic@cl
nh. ng th  nhB fihfu ¢hcbtfaspd m e g n duallin khdod i
h” i nhiReheat(TWna)tuabi n h™ i nhi t tugbmeé hye at
| , may phat (Generatorf uabi n chuy Wn L'ni@hanhrmdmgen! € n
ch. M8y phgt Li n L€ ¢ kJt n'i v.,i tua
tuabin L€ ¢ chuyWn LB, LihQin@Qu n&kmigwn €f €
hHin€yctco tuabin theo h th ng Li n. Khi

sai | ch gi_a ph8&8t v° nhu cfu L€ ¢c phet
| " ch n"y,s®hayWwildui tv'e tr2 van Lfu v~ o L
Hinhl1.ld<€, i rE®yn ®bly tviQ“c c, a m t h' th ng
1/R <t
o
> Bi I(; (gu Tuabin | I\:Iéy?hét;/éi R
gPc - ]

qP

H

Hinh1.1:Cblu tr Y%c c¢ch b[n c¢c_,a h th ng

H'th ng Li " n La li°n k2g” nielki Qu 3wnin g
nhau thdng quacdc€ ng dO©y tnroyy @ui tnit h° th ng
khiWn tfn s~ h' th BgigHpcphphEtnghs@blt kt

0o

li°n kJ/JJt s€ g©y ra sai | suaoblttfnae LVvi g
v ¥ m,c L2ch ch2nh c¢c,a b, LiQu ch nh t
L. I ch tr"o | €u c¢ctng sublt trao L i gi.
| " ch tfn s~ v° L., | ch ctng s@&&h’ mh_ KB «

sal " EhQu khiWn khu v, ¢ (ACE) vQ(@. Tronog
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ACE= B, & f (1.1)

Trond®RL;bvabil §n 1€ t |7 L, |1 ch ctng s
s L, d ¢ LHdvasamhltghmn $Fnveng " ving i

Hinh1.2H th ng Li n La |i°n kJt r

H

nW “"n L nh tfn s° trong h th ng Li°

h™ th  ng ph&t sinh | "m [nh h€ ng L/J]n ¢
thifjt b ¢- th” nh phfn HTm bh/Jt hcpg p.
GDB,gi ., iconhgdns u GRC, pt8tmh tr_ c_.,a th® i gian

3

s c¢c.,a thiJt b Li n b thapWhi h_ &ayromng
th ng Li n hi n nay L« L€ ¢ k/nh3mit tvng
la ddng nhuB®&phyw pKEh Eikng c€ ng thom n
t8i tUYo, qu8n t2nh c_,a h" tnBnt¥e lia mr §lt
LQ vQ L. ng L°i wv_i Li n 8&8p v° tfn s’

c. ¢ Lgn tvakthl "mbrdg nhh, ¢ h™NJucyia & phBin
|l . n b" L3nh-tc: dbWsg©y h4Yi cho holt L
LJn s, ¢’ LiQu rkKhrngwnt it Fin, sk hip bd §ct dgu blt t |
quan hi Qu ntng | € ng, ch%ng c- nguy c¢ch |~
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| . n hcha h".¥g Wjh mh@ nog hd Qud_trbgn tphidn cnfHot
phlfic&c mi n ph8&p LW ngktn chHn qu§ nhiC
Vo nhyngdafg khing s€ [nh he€ nGCinkvln t §{
vdg8c ph€ehng ph8p Li Qu khiWn kinh Li Wr
ph€hng ph8p LiQu khiWn gili t2ch s€& kh
h™ th ngdao!®kitemgnd, d " ng x8c L nh L€
annaynong mu' ' n h<€ ng t_.i vi ¢ thift kJ nl
b, LiQu khiwn n"y L€ ¢ thi/Jt kJ h ¢ nh
LTm blfo hi u qul vi ¢ “"n L nh tfn s h

12Ph©n t2ch, L8&8nh gi 8 uc&e br2mogyvanmgdan h n
n €c

C&§c ph€ehng ph§pt h€LQ&g ck hcihWna ttftn™ nsh ¢ §
phdpL i Qu khi:Wn nh+€ sau

T ni Qu khi Vn td.nngs k:t[tihudt h ¢ m8y

T ni Qu khi Wrt 8tcf phs€hntgheh §p t i <€u.
Hni Qu tkfhn Wn" t [hudt W, oaogm&y t

Nghi °r] ct 8c©Oygitl, ngi Qu khi Wn PID th2c
m -ntonnh3Am Qu khiWn tfFn s h' th'  ng th,y
s t t. Tuy nhi°n, tF@gkb mlLt Quitdhrg i Wa[ n
ch€a xem x®t LJn h th' wg d§c ny/lim tk/Jtb
yJu t° phi tuy/Jn | " m [nh h€ ng LJn "~ n |

Nghi°nm ct 8ctflyi Jp Lm t m! h3nh to&n h’
di* mVr pm€hng phspp<ellioQQu tkshtilWnnh | dp c¢c §c
Ldi s° Riccati m isachd&mhrath® mgglkilintl
ph€hng tTRedh mh®hng ph8p Li Qu khi Wn ph
c8§c ph€ehngRitcéahi LSE BE c cgc o @rghdlhW ht
c8§c ludt LiQu khiWn phln h”i. Cu’ i ¢¥%n
c.a ph€ehng ph8p LiQu khiWn L« LQ xublt,
m8&y ph8t kJt mhih€®rng ¢j@pnkj QuTltr<€ ng
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gOy mblt " n L " nh cho qu8§ tr3nh | "m vi ¢
r€ ¢ xem | mt tr€ ng h p LiWn h3nh ¢
d, cho c8c h th ng/tl,qulcfm? LgdMun &k hd Wm
L'i Qu khiWn ¢c_,a h° th ng t t. Khi b t &
L€ ¢ LTm blFfo. Tuy nhi°n phfn nvyth#ySc g
L™ i prh”, cah@€a xem x®t LJ/Jwacril, rydjuy indth @ hi k
AadlTi ch/ti Qu@DBm@iy. i hUn c_, aGR®&y? nphh &tr L i

h™ t.h" ng

, m t phfn kh8c c¢c,a nghi®°n c¢c.  u t§gc
thing minh kiWm so8t tfn sthdng tr°n k
ntm ving s abidpnikht®8glrhowmig mphhi€htng phs&p L

s d, ng ACE ACELY¥YI cpk®©ndcng | "m Lfu v~ o
nh3xm LUt chblt | € ng LiQu khiWn t t hhn
i Qu khi Wn truyQn Nghifng rch@ PDh,g ®I| ngPlcC
Li " n t  c¢c*ng sublt cho m t |, p c8c b"i

b, |1 €©u tr. nkng | € ngi SupercdndugingMagnetici ° u
EnergyStorage) c& hW L€ ¢ s d_ng nh€ c8c b, '
C&c thilJt b’ n Sugerconductimglo inl )s,i °LluHscd X¥oni " (t |
b bi/Jn L i thyristor, c¢- kh[ nktng b}
h th ng Li dJ mi@Qu n~"y db€caw, n dOy si °®
ph-ng nktng | € ng t€hng _~ng Vv, i qgusg tr3

E

Li " n. V3 vdy, t&8c gil[ L« kJt h p c8c b
t9Yo th” nh b, Li Qu khioWwr hloaib “mart g-hyik i W
t i trong hkJt hn'nig. LC§ o it oy rmg pb L€l

ch™ 1" ph, tli thay L i ° wv%ng s ntm
ving. T8c gi [ chpéai xt®bM/JAnnm8ch Mgty /]
fnh h€ ng t.i vi ¢ “n L nh tfn s trong

Trong nghdl °n8c. gi [ L« thikitRIukW ki Wi
so8t tfn s~ ph, . nddtaltihm lkBWun g “Ungi snhid t
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La kJt n" i trong nghi°n o Yukdlia gc gtiSacn ¢
thg&i. Chi Jivmhy® € cl is@ubsksmih Qw, ik h{(D\Wm, t 2 ¢
Li Qu khi Wn (Pl),b.l L itQu hiichppliv@mphan(PID).” KJt qu
cho thbly L&8p . ng c.a h mhi WwghRhcthBIt o
Li Qu khi Wn nghi.° ohu®a uxkeinf x ®t LJjn c8c vy
ving L€ ¢ m®! ph, ng |t hhorjapghat,aabn ngiv'nd [t

Trong [57] L« nghi°n ¢c.u LQ xublt b,
trong L- ¢- ba v%ng tua bin h”i nhi  t
khiWn thtng minh tr ¢ tuy/n kJtm h® pK/gi
qul LS&pl  conhg tsfan s° ¢, a t. ng v%ng t t tu
yJu t° phi tuy/J]n v~° bblt L nh.

Nghi°n76c @Qxublt m t b, LiQu khiwWn tFi

th ng Li n li°n kJt b ' n v¥ng tir digunh.i
bxng 0 (i1 =1,2,3, 4). V, i coblul m rt¥ci Wuwanlgn |
c.i . i hUn c_, éGROEWophat LBl cntir38d €hi.bL ®y n

Tps+1

O (5

Hinh1.3:CHIu t r Yc t Ein-@’ kchifWrg 178i GRC |

Nghi°n ¢c_.u cho thbly L€ ¢ s, LS§p _ ng
PID L€ ¢ LQ xublt v, ngcshadan g’ € tcf nHllEn t h i
n.,aghi°ah€aulQ cdp LJn vi ¢ gili quy/t
gian c¢c_,a h th ng.
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Nghi°mllc t8c[ gi [ L« LQ xublt ph€hng p
by nhl@&thimdnHs  t[i (SMLFC) chonht Ut
t h i gtiraomn gt rhB untgh "wig ¢ xem x®t ngXu nh
nhi, u sinh ra do s, t2ch h°p nktng | € n
ng nhanh v" c¢- hi u sublt cao sau L. x
tiJJp cdn c_ an mHitk htorf® gt tthr dngi an h_ u h{Y

|aPd1
v

—  Vungl
.»

C
s

SMLFC ¢

> ving2

02 ung
)
|qu1

Hinh1.4B, SMLFC cho h° th ng8li n c-

Nghi°n ¢ u ch€a x®t LJn nh_trhayt rL€ing
thing s~ trong qu§ tr3nh h th  ng hoUt

Theo nghf°nl Q@ xwbft m t b, LiQu khi Wn

1.5tinhtoAon h, ng thl'ng s~ t° i ©u cho b, L'i Qu
bavangM, ¢ ti °u ch2nhobli bj QWokui Wiml suy |
dao L, ng tfn s v° c¢lng sublt trao L i 1
th "  ng ¢c- sai | @h HFeBBMHzKhol nghti @i a

LJJn 5 gi ©y. KJt qulodUcthol  tnhgblyt "k, klhii Qus ok
phg8p PID ¢ LiwWwniRBuph€hng phsgp
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ke s Kp
— >
1 B r]i g—
+ ACE B) L|Ki S H
B ddt > kec—bkhiwﬁ Khiwt h b
kg | PID i o
+
A
a

Tthie

Hinh1.5:Cblu tr Y%c LiMu &tho W9 PtiiD ng |
Nghi °n79c. lw« [LQ xublt m trlo@tchl iJQu kklhil
L ng li°n t_c LiQu ch nh c¢c8c thtng s’
c8c I, i kiWm so8t khu v, ¢ (ABBRN, DB2nLh
khiWn L€ ¢ hubn luy n sao cho thu L€ c
Lfu B olLiQu khiwn thiJt kJ L€ ¢ m: ph,
th i gian c¢c_,a m8y phs8t t ¢ tamiyn Lt iaylO
10% C- Is8pic_sagh k htoh 068iy. O
Theo nghi°n ¢ u [#4§cLgiltx¥emgx@®&t Inh
vi¥%ng gi-, nhi t Li n v" th_y Li n. Nh-
c8§c b, LiQu khiWn ph.c h'Lp€ rche hli'JJtF KJJf
gi.a b, LiQu wheWe mhi §t P HiéuITAE.Cac° n h
ph€hng ph8p LQu d,  a tr°n ph€ehng phs8p g
thudt to&n LW t i ©u c8c thtng s . KIJf
khi Wn t° t nhblt tr oNgghic°8cc cb, u LcihQ@a kxhei nWnx
bl L " nh, phi tuy/n v" t2nh tr_ ¢, a h" t
Trong ngBi °h« ct hui Jt kJ] bnmt* hit@h K MPW
Li Qu khiwn h™ th ng Li n La kJt n" i b’
thay L i c¢.,a t[i v' c¢c8c gJjlu t€ bblsolsd
Li Qu khi Wn PI D.
[ 6 8] nh-m t8c gi [ nghi°n c¢c.u thil
“Phehngtpht

Qo

g m ba v¥%ng tua bin kh'ng h
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L'i Qu khiwn Pl d%ng m v° mUn@g nhhifog d
b"n v¥%ng ° [63].
K: t hudt Li Qu khiWn thng minh, d.
n L nh h th ng Li n. M! h3nh b, LiQu

h™ th ng c¢- yJJu t° bblt L n thB3mdh < 'dnl
Trong [48,39] m t b, Li Qu khi Wn d, b§o
khiwn tfn s° ph, t[i. _, -PuR]L€hényg B
ph€hng ph&p WOA "n L nh h° th ng Lloi n |
tfFngiMPDPID L€ ¢ t° i ©u h-a b33ng ph<€ehng

B, LiQu khiWn ANFIS k/Jt h>p gi.a gi.
m trong [69] LW LiQu khiWn “"n L nh tF
v® tua bin th, yhilnk tvfrn 4 Qai§ LAF#HDP kho
Y ni Qu khiWn tfn s~ d a v o c¢c8c ph€ehng

Nghi °hrong [9] th, c hi ' n thift kJ b,
khing h™i nhi’ "t s d_.ng thudt to&n t i
v¥%ng c¢c,n |, n.

M t b, Lli@Qu kMht Wn™ p gi_. a ph€hng ph§rg
m L€ ¢ thA47f)tn kI nthr Ptinfgc ho” hai vi%ng m, i
phat KJJt qul L&p . ng c,a sai | c¢ch trong
khing x®t L/Jn c¢c8c yJJju t° bblt L nh,

Nghi®°n ¢ _u [61] cing nghi®°n c¢c_u b, |
haivingt ua bin khtng h“i nhi t s d,ng ph
th "  ng L€ ¢ xem I~ Lhn giln ch€a c¢c- nhi

Theo nghR°nh c tun'[ng mghriFinmch&ctdi g
haivingtabi n khing @t iLHpmic §c ddmThoht "t bblhg L |

tuy/Jn nh<€e O[ii QuiGkE),ccgia, i hddn t ¢ L, C.
(GRC) t2nh tr_  c¢c,a th i gian trong h t
chJl. Khi alkci§rc lv@nc tma € mgahhibngXn €i/n
sublt. Ch2nh v3 vdy LW ttng 8p sublt t hs

ni Qu n"y s& mblt v'i ph%t v° s€&€ [nh he€
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thing s~ c¢.,a b, LiQu khiWn tPIli seu Lh€ac ¢
clm h. ng t. ©m nhUlc. Trong ph<€ehntigh ph §
ph©n c¢c_,a t2ch s° ¢, acta s dE)enAIE Caqgyi §
thing s ¢, a ph€©ehng phgp t 3 na2k0i,/]nb hc, al,
nh, hlJagso©mt ¢ L, Li0OQy d&h Quhlxkild onh dl i'ngp
t§c gi [ s d, ngnhbonlh Qu khée®wnbmng L« t
theo ph€ehng ph8p tr°n b3ung c 8clic §ch @nHpl
nayt heo c¢c8c c) Nrh-knh §tc8 cn hquili[/JylJ« X é m bbi®t L~ |
ra L€ c _kgftinhlg8upl t cnhg. Tuy nk ipddg Li Qb €nlg’ n
th i gian x8c I dp |.n kholng 80s.

Theo ngh34° nphc€hungl ph8p t8c ghiWs | aj

hPSOPS. B, LiQu khiwn m |~ thilft |dp t
to8n h ¢ n"o LW t3m ra c8c thlng s b,
li°n thu,c, ¢c8&c ludt m ). Vi ¢ s d,ng
t ih-eu L€ ¢ c8§c thtng s’ Ch2nh v3 vdy
khiwWn m dXn LJn h th ng L&p _~ng khtr
d. ng ph€ehngP S ht8ponhgp SO PSO | © ¢t ng c, L
t i “©u c¢c_,c h,a hSai kph€hngp pchi§8p nh3lIm t°

L'i Qu KhAIWNn Nh-m t8&c gil L« so s&nh b,
khi Wn, BFOA;PS®A,v i BROA t ‘®aivung tbin@dngk hi W

ap

h“i nhi t m i v¥%ng c-mhtag§c mgiyl por§n. mNg
c- th°m HVDC LW so s8nh v, i c8c ph€ehng
ZN Li Qu,G@MA LihQwrlch " nh PlI, VSS d a tr°n

d a tr°n FGS. Nh-m t&c gil[ clingjutphiiigt
tuy@ghB v ba v¥%ng c- GRC v° so s8nh v,
ch"nh c¢c8c thtng s ¢, laed, pHP€hmg-P3HoME x H
thblgdt L' ng t t khirengsh thlRyndg i c. a

nghi°n ¢c._u [29] L« s’ d. ng thudt t
vi L nh v tiJjlng vang c¢c,a |l o"i dhi. Ph:
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khiwn tfn s° t[i c¢c,a ba v¥%ng, b"  n v¥nc
tuy/n. &Kot maulfsdi | ch tfFfn s t.ng V¥n
L'JJn c¢c8c yJJu t° bblt L " nh trong h” th ng.

Trong ngB8 °nmn8c. wi[ s d,. ng thudt toc
thing s° b L'i Qu khiwn PID d a tr°n h-
L€ ¢ &p d_.ng cHo thhiawn&brnibgp Mmhh. yvav ¢
b " n vabnign trubh, & VWTS8c L@alrbB«t2nh €u vi t
GWO so v, i nh,. ng ph€ehng ph8p khs§gc. Tr o
L" " nh c¢c8c tham s’ LHc th¥% c_,a thudt t o8
L " nh ¢c8c thl'ng s qgu8n t2nsh’, mhenkhhng
x8c L nh L¥wng th3 c¢c8c thudt to8§n t3Im Kk
Ph€hng ph8p GWO m: t[ pho©n cblp | «nh LY
trong t, nhi°n. N- c¢ch" y°uHgfu, xrémhki n
B, LiQu khiwn L€ ©OBLSEEWitEnkg/Jtt kK’ @, v. hi
s, t2nh t.o8n ph_ c tUp

Trong nglfi °n8ec_a@i [ s d, ng thudt tos§
tr°n LHc t2nh s"ng c¢c,a chim cultkotbr_ rg
trong t° c.a | o"i khg8c tuy nhi°n nJju c
qua m u sdcthimk? 8&€nhl[dUmg. M, c ti°u COA
trong L- kh[ ntng sPh@hncgCapAtsdhmg IL'W ¢ a«
tham s° c¢c_ a RPDF LiBQu Lk hQuWwnk hi Wn d¥%ng LW
cho h' La kifyabinkhit ngah” v¥%m@gi t, hai v¥n
tuabint h, ynhli @Qu m8y ph8t c¢c- x®t LJjn c8c Y]]

Nghi°mM2c ditnl[gy ph€hng ph§p ABC LW t i
khi Wn PID. B, LiQu khiwn L€ ¢ d¥%ng LW
kJt n" i hai v¥ng khsi" hh' tthh"mgg ct-hag8§cl’
°50%Chblt | € ng LiQu khiWn t t tuy nhi=®°n
t° phi tuy/Jn nh€e GDB, GRC.
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Trong 49 nh-m t8c gi [ nghi®°n ¢, u thilt
MPC theo tt’hiud€u tBIEBA LW Li Qu khiWn "~ n L

hai v%ng th,y Li n v™ nhi t Li n c¢c- xe

v, i sai s’ t<€ehng LZ iL2%8z0 v%ng | ., n kholr

Nghi °mB7cthi[Jt kJ m t b °L Qui _kehit\Wnu d
BIA m i v~ thudt to&n m L'i Qu khi Wn ~ n
tua bin h”i nhi t v%ng th_ 4 1" tua bi |

thblp tuy nhi°n h  th  ng khtng x®t LJn
Nghiénc  d8 [ t hi J]t kJ]] b, Li Qu khi Wn tuy/
t hudt di truyQn GA LiQu khiWn "n L nh
khing h™i nhi "t v, i lsa&i kT afc Owvragmg t I
khing x®t L/JthuyxRBm yJu t° phi
B, LiQu kh®BWnL@®BO thi[Jt kJ LW "~ n L 1
haivangm i Vv %rc@gbag ngu” n Tplhh&tg [il'1d. ph€hng p
d¥ng LW t i <©u h-a c¢c8c tham s b, L'i Qu
so s8nhtwve8n thadtti/]n CBPSO. Ph€ehng ph:
L'i Qu ch" nh b, PID nh®31m "n L " nh tfn s’
yJu t° bblt L nh t“n t49 trong h th ng
thing b" bu ®PHDnhEW LilQ ng " n L nh tFfn
[21]. Trong [72] thtng s b, PID L€ c
hai v¥%ng nhi Qu m8y phg8t. Trong [14] s
theo thudt to8&n [Jiayca§ c inQuu krhilWn n ftnhisng
Trong[80] b Li Qu khi Wn thiJJt kJ] theo Kki
n L°nh tfn s c¢cho h" th ng g m b ' n v¥%
tuy/n nh€e GDB, GRC.
M t b, LiQu khi WH0L€heot hi" /i Llka/] mt rco
th ng ba v¥%ng nh€eng kh'ng x®t LJjn c8c \
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Trong 32205144 | © nh_ng nghi°n ¢c.u ~"n L
h th " ng Li n La kJt n"i. M t trong nh.
clng sublt tr°n L€ ng6288375.l€ ¢ nghi °n c._
TrongBO] t &8c gi [ s d,. ng thudt tog§8n MU

H

vi%ng tua bin khtng h”“i nhi" 't v~° ba vV&%¥n
bin th_y | c¢. Trohgghs thbinglmhht ih€8g
yJJu t° phi tuy/Jn (GDB, GRC).

Hi " n nay do nhu c¢cfu s d_ng Li n cat

d, ng rblt nhiQu trong c¢c8c h' th ng Li n
| € ng t8&8i tUYo Lleem clbnig tch3n bt nn ctUthih nh_
ngu n ntng |1 € ng t8§8i tYo trong h th'n
phi tuy/Jn c¢c,a h" th ng. C8c ngu n Li°

ngu - n Li n gi- ¢- qgu8n bhgnpbhguahut bblp"
c.a b, ngh ch | €©u. Do L-, khi Li n mHit
cblu ngu“n Li'n s€ I "m gi[m qug8n t2nh v~

ttng nguy c¢ch g®©y mblt “"n L nh h  th ng |

C- nhgRu°h€ccus d_ng LW "n L nh tfn
tham gia c_,a ngu T omign ogn glh€°mg ct & [t2@(g.
L'i Qu khi-B/MCtc#othT th ng Li " n La k/Jt n
M h3nh h th  ng h€nh X@y nd), g amhe o Umyg
thifjt kJ] cho t_.ng v%ng nh33m L[ btfgo " n
t9o ng"y c¢c"ng phg§t triwn v" L€ ¢ _ng d
ngu n nkng | € ng gi - viblts dt htalyay L ingh&

ti c¢c%ng v,i nh_ng yJu t° bblt L nh khg
L i li°n t_c. n€e c¢c t3m ra b°i Utkin b,
khi Wn khg§ t t v3 trong m ffnkhH€lngta_ €a:
L i ngXu nhi°n c¢c,a h th ng. Tuy nhi®°n

L'i Qu khiWn tr€ t c¢c.n gHp nhi Qu h4n ¢ h/J
ron c%ng Vv,i b, LiQu khiWwWn to€tfnlLW ~ o,
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th " ng "n L nh t8c gil L« thift kJ b, L
tri t ti°u ho"n to"n c8c yJu t° Dbblt L
l'i°n t,c theo h"m Lyapunov.

Trong [ 56] nNh-m t 8cu gkhi Wn dnghlid&hn cn
nghi cho h" th ng ¢ ngu n ntng | € ng

nghi°n c¢c.u [40] L« s d. ng ph€ehng
c- c¢c8c ntng 1€ ng t&8i tUYo nh€e | " nktng
SMES.

Trongnghi®@ c¢c. u [ 77] t8c gi [ nghi®°n c¢c_u
L " nh tfn s~ trong h th ng Li n La kIt
t90 gi - v° mHt tr°i. B, LiQu khiwn L€
h th ng nh&m cnpalhnhtbh¥fng.

Trong [70], t Sch kgt Li Qu khi Wn | ai DEPSO
c.a b, Li-BuDki Wghi®° n nc_Ww nNh tfn s° h’
kt h°p b, LiQu khiWn lai PSO v 54ANFI ¢
ph€hng ph8p Li Qu khiwWwn PSO d¥%ng LW t i
t2ch h p th°m ngu"n Li n gi-. Thudt to
cuckooL € ¢ L€ ¢ d¥%ng trong [5] thilft kIJ
tuy/jndt TchoW®ol € ¢ s 24, mdho vj ¢ " n L nh
nhi t Li°n v Li " n dgm-. mM ©t&b, thi @g kbh
h-a b°i gi[i tchckodll€'tcé mt Hii Jtm k/hi V@5, n L'
Ph€hng ph&8p BFQAV I€ic €@im-a c8§c thtng
n L nh tfn s° hai v%ng c- 10htrg Im€tnd,
L'i Qu khiwn | &€ BFOW:nNtg i PSSO h-a tham s’
tfn s° h th @&p %wiinhlaig. LTrong-[ ngu n
L " nh tfn s~ h° th ng s d,_,ng mng nh
pheon. . B, Li Qg klh€ewn d¥%nd ol8W '[n L nh t
cung cblp qus8n t2nh quay cho ngu n ntng
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TrongBl] h° th  ng c¢c- O0gtFm sEngdg [ €Ly c
b3lng b, Li Qu khiWn PID m" c¢c8c c¢c8c thtn
ki Jm BSA L€ ¢ nghi®°n c¢c_u Li Qu3khiKwn t hnu
PSO L€ ¢ s'[64d_ ‘'ng Lt'rmmgtfn s~ cho h th’
ntng |1 € ng t§i2elt Yd.n Nghgim mtrugt[H @ gng |
mHt tr° i L€ ¢ LiQu KBhiWn[b]ihphtthhggph
quang Li' ' n L€ d¢l[Li QRnlgh ipWrerGWa.phTs8Ffpn |sa’i
th " ng L€ ¢ "~ n L nh-PD¥wongBZp h Gh nthh updht§ pt o 8
L'i Qu ch nh thtng s~ b, Pl IMESho Hi tthh 'nrg
l ai g mg cl-€nntg mHt ,Ltir ' ni ,gemhil@ clLi”" m L’
b3ng ph€ehng ph&8p MBA L67Quidchp nhlit ®a mkisi
la tfng L€ ¢ thift kJ LW "n L nh tfn s

cC.u LWt i ©u h-a c8c thtng sh  rbg LWii Qu
tronge] . Ph<€hng phBIpD tl € cut HHD kJJ cho h
[16/ . Ph€hng pRSP t i ©u nMdEal® c Piaghi °n
[47 . B-mPIIDE ¢ t i ©u hPSAatrobg BD,t fhle®h mpac Ehh
phap DEGWO trongd5] LW " n L  nh tfn s° h° th'n
GWO va TLBOR4], PIDN-FOI[17] t i <©u c8§8c thtng s’ b
“n L nh tfn s~ h th ng Li n.

Qua c8c t~"i li" " u trong n€ ¢ Vv~ ngo” |
s trong h th ng Li n |i®°n kIJtL Qudh kIt
hi  n m! hh3 nthh hn-ga kiemn xI®tn LJn nh_ng yJu
h€ ng LJn vi ¢ dao L, ng tfn s°, c¢clng s

Li " n La kM tn"hi th  ng ph_c tHp Vvni Lnhh
s h’ CthB'nthg.e8cvdyghi °tnr ocn gu kthri° nx ®t h’

nh._ ng LiQu LkQu ns gid_ ingh%®n§c ph<€ehngnip®§p
| © Li Qu rlomi WrhBmiQu YbhliaNn gn .,a c8&c ph<e€eh
khiéwn H th ng Li n c¢c- thw L€ ¢ m* tT

truyQn v° L« gil[i quydtL'trch ctfnts’s h'vb
vangg " n L  nh c¢ctng sublt tr°n L€ ng doy gi
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ni Qu khiwWn “"n L nh tfn s~ trong h’
b&§ch hi n nay v~  kJt qul c¢c&8c nghi®°n c
ph€hng ph&8p LiQu khiWn L« dfn L<€tcfnnoOn
s "n L nh. Tuy nhi®°n ch" gi. iChZmh tv?3
trong ludn 8n n"y s& m! h3nh h-a L i t<®€
khtng gian trUng t m&ii ngl%rbg WM. iiQuvik hd WaJS
Li QWnkHiai, ph€hng ph8p LiQu khiWn "~ n L
Li " n L€ ¢ x®t LJgn 1T hh_hb gg. Li henlL a,
th ng Li n La nScu” ynJuw ht§t mHhi€e tiuyJ/nC b bl
ntng | € ngYYi 8§t rbHg h  nth ng.
1.3.KJ/jludh ch€ehng 1

ni Qu khiwn “n L nh tfn h  thanggbi n

phg&t |~ m t h' th ng rblt ph._¢c tUp ch_ a
LQ th€ ng khtng c¢c- 17 i gigid.t d’” nau., tsa
c.u ch2nh tdp trung | " " n L nh tfn s’
h€ ng c- |0, Kh - BEhbnto§y Bi@bh khioWwg
th " ng Li ' n La kJt n"i khtng chli®wn heé ol
t i €©u, m" c¢c,n ¢- ¢l trong qus§ tr3nh x
yJJu t° b blt L" nh nhe€e |~ GDB, GRC, L tr
m: h3nh L i t€ ng LiQu khiWn L€ ¢ xO0y
kh- ¢ thw v€ t qua L€ ¢ L i v.,i 12 thu
L " nh. Do L-, c¢- hah_ vhbltl Q "cfm? gti[[ i migul
L" nh ch_a c8c m i querhih't uty@mng ttx§ch U bl
hai |7 L€a rnahdInmt kLI]J]Quc &bi Wnudt to8n t

bfo "n L nh.tfn s~ h th ng
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CHhuNGCHI, :SYTHUY T

2.1.M6 hinhhdéah th"'n g "nil/An ik

nW ¢c- thW “n L nh L€ ¢ tfn s’é6hihh th
h-a b33ng c8c pht€hnly: t§pP nch, P Sn§ thhkegh 'y p n
nh3m “n L nh tfn s <c¢_,a t_ng v¥%ng v~ c!

Hinh 2.1m* t [ ngyénilc’. a nh'n M8y mit nh~ m§
thing th<€ ng gtarin, m phat FTQu vt dBEL@Gec dOYy .
nh vrikh Gt | Gug I evotuabintonghthng nl.i Khfi ph,
t hay £ tng[mhhodaiclch giia cong skl phStrav cong sl t i °u t
L& phathin L fa LlQufc. Taythuc v~ o glicnayt b L Quscai |
t hdaiygoclm ¢, a vaa, Lu@vich’ bimgl €u@EAHiov
tua bin. Kpqur L@ khivd 't ¢ . Buayyghl c, a§yphstsslL& n L nh
trong mt d[i cho phoep flaexsiLl & Q@ khiw xung quanh @
tr° danh L nh.

ao o

Sh L c.a khhi Wh ogngi Qublt L€ c tr

: . - - :
H th ng thilJt H t h
b t. ld—n-g Li n
A
H° th nlg cung
cblp ntnlg 1€ ng
Hhi v | n€e c
Y v
B, thay A .
LY i b Bft , t'—Q‘L C"ic."a:—> Tua bin —= May phét
t ¢
Hinh2.:Sh LY kh i c¢_,a h" t[& ng Li Qu

211B L@t c

B L@fc[e2lLe s W@ngch nh c¢c8&8c v @ trz2 v
L'in phat ra cong éiiphd hpyv icong stditli  t hayJ/hv Lc H Xh. K s
thi t hig W Qlf cEphathin s 'k i & congdoskil tham chilu (qPo) v*
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c&c t hiar@t fink lsu .8 ct hedpgstll n@@P)lLe L€an r a |
Lfu v ' d@Qceco bhfu @ chanbPit@khw | eng | €
hhi haochHo "€t ud hitnh abyRnklgn cl W H i Qo cphh ¥

v.i s thay L i c,a cQnygl sylsiuflef EhW]L, Sh
x¢ | dp LL®a ra nh€ sau:
AP (s), 1
AP (5) 1+sTgE(:)

Af (s)

|~

Hinh2.22M* h3nh h-a b, LiQu t ¢

De(s):l+1sTg(th(s) 219 (2.1)
Trong L - :
Tg: Hng s th i gian LHc treng c_, a b,
R: L” tham s LiQu t ¢ L€ ¢ t2nh b3yng «
%R =M Y 00y 2.2)

¢ % =
Vo
W,: T ¢ L, “"n L nh ° trUdng th8i khlng 't
we: T c¢c L, “n L nh ° trYng ths8i Lfy tT[i
2.1.2.Tua bin

Tua bin trong h th ng Li n |7 thil]
nhkhi, n€e ¢ tthinmgh owpphdtltincgna h° th” ng.
nh._ng |l odi sau: Tua bin hhi n€ c¢c v tu:

21.21Tua binchhi n e

Nguy°n I T hoYt L ng c¢c,a tua bin hhi
sublt hhi ra t. ©6c8§c8¢v , c8phuquapnplUmang L€
t " c trong hhi n€e ¢ ttng | °n, n- gia tt
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DXn d¥mh chuyWn L mgubymtbdeo.tmTua b1 nt |
bin khtng h“i nhi" "t v’ tua bin h"i nhi’
a.Tua bin khtng h”™i nhi  t

Tua bin khtn[g2lch” is mhli™2.3n mehihit nthrcd yn@n t rhh €
23)

AP(s) 1 AP (s
©, 1
1+sT,

Qg

Hinh2.3:M* h3nh h-a twuabin kht'ng h

DP (s 1
G(9 =29 - (2.3)
DR(s) 1 +sT,
Tch: H33ng s° th i gian khtng h”i nhi t

b. Tua bin h”i nhi t
MT t[ tua [6]inh €™ 24ARFMmilh "tm ¢ Yy @Hh * ¢

"ﬂP; (5) F:f'pl;'f?s +1 ‘M::-s (s)

—> 2 |
I;‘I?I;'h‘s + (1::‘]? + I;'f'.r )s +1

ao

Hinh2.4:M* h3nh h-a tuabin h i n h
G (9= DP (s _ Fplnstl (2.4)
DR(9 T.T.S KT, ) sl
Trong L-
Fnp:HJng s~ khO©u cao §p
Th:H3Wng s th i gian h”i nhi t c¢c_a khou
2.1.2.2. Tuabinthyl c
Tua bin([6Rh "y thhidt b’ bi Jn L i ntng
ntng quay m8y ph8t Li n. Ph€ehngitnr 3trh vy
| ¢ thW hi n s L&8p . ng thay L i c¢ctng

tr2 ¢ a van trloilngt @hnggkHimMu &i th n thbe
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DP.(s _ -T,s ¥
DRP(s) 0.5T,s+

G(9 = ( 3.

Trong L-

Tw:L” th i gian kh° i L ng th_y 1| ¢

nNW tua bin th,_,y Ifnc ch-old, Lp mdin " m¥% LL
trong b, LibiQuh tyHimchwoy Qmuac_, a Lp@ fon tbHAV Lh
trong

G(s):ﬁ (2.6)
Tr.55+1
R;
Trong L-
T:HJWng s~ th i gian LHt 1 4ij
RRz: C8c¢c h=3ng s <c¢,a tua bin th_y | =c¢

2.1.3 Tua bin gio

Tuabingi6p5 baan g¢” mh cbBluvamg§y cph&ta Li n,
d,ng LW chuyWn L i b thanglWnn aln gnQ' ngg2.Atyh cc,
bi Wu nl®eimg ch thic @i,-a wual€ ¢ L nh ngt

PWT:%rACp(/, )7 ( 2).

C-a, Vy,,pCe€hmg Istc L &§md Khing kh?

lcudmec tgi - ( m/ssc)t nvgll .shu
n"i v_,i L, “n L nh t2n hi u nh, =c¢_ a
Li n gi - ¢¥mg (2Bhttonlhye ¢ xem x®t LW L§

c8c h’ t h ngMiL@3cn hL @ hx wbltn.b ng cbinuglbWn b
L€ ¢ hiWn th nh€e sau:

DR(9 _ 1
DP.(9) T,.s4

wts

( 3).
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Trong L-
Tws:HNng s° th i gian
214Nt n g ngimbButr |

ni " n nhggmHEngtin® @i lc® rat cong ngh d a trén
nhiénliulFnktng | € ng nmEt hK'rmitr ulyh@mo d, a Li’
trong h th ng Lict'mglEhcctr3nh by the:

DP,(9 _ 1
o s (9
Trong L-
Tsw:H3ng s th™ i gian
2.1.5. May phéat va t[i
Hinh25m* t[ sh LY nguy°n I T Lhn giln c, a
TrondmM!, men ch, Te: M1 men Li n, Pm: |
ng€p . ng c¢c.,a m8y phs8t t, i s thay L i
t c t, i m: men HaV'n dH2unh an gy ya® m8mwyh @n d
bJng gi.a mt men Li n v™ mi men ch | " m
c.a rt t1 v _ i m: men Li n v ™ 0Om: men ch |
Trong L-
J: H3xng s’ m! mephatvadud binkgnf)nh c_. a m8y
w,: vdn t ¢ g-c c,a tuabin (rad/s)
Hhi NS 2 e
> —  Tua bin
T (4R
ni Qu

Hinh2.5:M* h3nh m8ye2ph8t v = t[i [
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dw
J—0=T -T 20) 1
at ( 20)
G i H I h?lng s qugn t2nh t<€hng L i L
1Juf
H =< 3% (21) 1
ZVAbase

Trongy,ll™ vdn t ¢c g-c¢c L nh m c

Khi L- m#tumens qugn t2nh J L€ ¢ t2nh the

2H
J=—V 22) 1
M/g '%ase ( )
ThJ12) 2v’™ o phe®nagcot r3 nh (2.
d
2H Y =T T, (23 1

V%zm'\/pbasedt_m )
Sdp xJp 'Y phehng tr3nh tr°n ta c-

ZHE(Wm ): Tm- Te
dt g, VA Wn

M™ ta T WHVAg/Wvdy n°n c¢c- ph€ehng tr3nh L,

(24) 1

t €hln'gi |~
oAW1 1 (25 1
dt
Vi w=2; T, 2, 7 e
M/Om Tbase Tbase
Sh LY kh i t<€hng L€hlag v,i ph€ehng tr3nt
1 Ao,
s |

Hinh2.6:Sh L k h " theo mmd@ngn @] h § t
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ni Qu khiWn tfn s~ trong h" th ng Li n

Li " n v° c¢ctng sublt ch hhn |I'° m: men. M i
P=wT ( 26) 1

X®t theo m t | € ng bi/Jn thi°n nh, ta c-

P ®
T=T +D (27) 1

Vdy ph<€hnlf) tLr€nch v(ii2jt | 99 nh€e sau:

R+ B &% R, T (281
Khi b, gass’'a kEdec cao ta c-:
DP =, D Tg w (29

Khi L- ta c¢-:
DR, - B w( T.D Ty D Tyt O, w ( 20) 2
Ta c- trebmg K w=1w" ¢ L¢hJ LDT, =$p. |IRp Lt h,
ta ¢c- ph€ehng tr*nh t€hng L€hng v, i
DR, - B (=T,p T) (21 2

ao

Vdy ta ¢c- sh L kh'€hng, ¢ rih&dyh p B &th theo
di _n nh® h3nh 2.

1 Aw,
Hinh2.72Sh LY kh" i m8y p2h&t theo c?t|
ng&p . ng c¢c.,a tri khi tfn s thay L i
g” m nrhBItQu ¢ &8¢ 1l oY9i tli: c¢c8c loUi t[i 8§
thay L i tfn s . C8§c tr<€ ng h' p t[i L, 6
L™ i | "m thaydotot™ 8 tpb, Lthao,a c_a tfn s’
DR =R Dw ( 22

D: BiWu th phfn trtm thay L i c_,a tT[i
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Ms+D

ao

Hinh2.8:Sh L kh i c, 82 m8y phs8t v~

2.1.6.ChHlitrich  th'ng ‘n. il hn v %ng

Nh€ Qcdplct rl€, m, iQ khidwQevh[ch ‘It®b thanh
bimtbh L@ khw, mth L@ tc mttuabin-m8 phg&t " iv ™ [i.fChI t
t r Yact ‘'may mhit " ntuabin khéng Ki nhit L fim ‘Lg®inh bay trong
nh29H3 nh 2. 10t M8y chlni tr %Ei  nnftuu av "boi nc_ ha
L Qu khiwd la tin hiusailch ACEV L f u r al @ khi laktin hiu  t hiay L
cong sl CEI  t r %anSq., 4 M fhn L L @rhyhi n trong hink2.11.

AF,

1 AP}‘ 1 APm 1 Af

. > > >
+sTg 1+sT D+sM

B, Li Qwat 'bdn kht'ng hMayphahi’

Hinh2.9:Chblu ttm8&s nhit'uta i nnkh'ng h i

|
1
R
APd
APC Apg q 1 API E’wz—;'hs +1 APm 1 _A':
1+STg EI:I;'J‘:SE +(Tfh +1;]7)S+1 D+sM

B, LiQu t ¢ Tua bin h™i hi't May phat
Hinh2.10:Cblu ttm®& nhit'uta bii 'nn h” i nhi t
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Ay
| TZS+1 ~T,s+1 [Afm N
T — > ———— >
l+sTg isﬂ 0.5 s+1 D+sM
3
B LiQu t cTua bin th_y | c Mayphat

Hinh2.11:Cblu tt'm8&c th_ y Li n

Chblu tr¥%c c8&§¢rfim” | m&8yw LithAnng tuyl/n t
tr°n th c¢c tJ] ¢c,n c¢c- c8c yJju t° nh€e GDE
phi tuy/n.

DFi ch/jJt c¢c,a h th ng Li®Qbhofnc7(6DB
Thing t€ -BG/qayla/ hh htr utyhQnngt [Lii nnh€ s au

DFi ch/jt c¢c.,a h' th ng LiQu t ¢ | dT
trong phm vi L- th3® h' th ng LiQu t c
L  ng LW tham gi a Nguy@unhin bd'GhBitrgg fon sl'i Qsuh tc¢

ma s8t, c8c phln _ng x[y ra ° c¢c8c I|i®°n
trong c8c van th_,y | c¢. T068%o( G.iCu6 cHizau)X.n
b, LiQu t ¢ c,a tuad2wiNgot h_ iy &lUngitGxB Lk h
ph&8t Li n (GRC) | hU4n chJj t ¢ L, thay

" m t yJu t° g©y phi tuyJ/Jjn cho h° th’™ n
t2nh chblt phi2lmty Jtn[ cy @ @GRC H3 nh

GRC
AP

r L] ap
- My
+ 4 A

ao

Hinh2.12Sh L cblu tr %c GRC
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C8c yJju t° phi tuyQn GDB, GRC gOoy [
cho h th ng v” lutn t°n t49i trong h’
tFtkh" ng n"y th3 ludn 8§n c¢c- xdamnx®&t Ilcrm
th ng L. L<€a ra chifn 1€ L'i Qu khi

Ay
GRC
aRENL 1 y
~ ™ 5 v DisM|
Tua bin Méy phét
Hinh2.13Cblu tr%c h th  ng Li mhil’htn o-%n@DB
GRC
AR
GDB
F iy)TrJ:j +1 APW | Af
Ts+l D+sM
B, LiQu t ¢ Tuabin May phét
Hinh2.14Cblu tr%c h  th ng Li n Lhn v¥%ng
I
1
R AP
I GDB d
w, LA 2| T e [
LesTg [/ | gy [ 05T, s+1 D+sM g
3
B, LiQu t c Tua bin May phat
Hinh2.15Cblu tr Y%c h° th bign i bQrOPB hn v %n ¢
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2.1.7.CHl trGc h' th” ng nhiQu viing

2.1.7.1CHutrach th"n g " nthai ving

aChblu tr¥%c h° th ng Li n hai v¥%ng theo
H th ng Li n kJt n"i hai v%¥%ng L€ c

tiel2

_

Hinh2.166H° t h  ng Li n hai v¥ng |[E€

H th " ng g m c¢c- hai v¥%¥ng l|li°n kJt v,
khang la %e. M, i m t m8y phg8t L€ ¢ biWu di,
Li " n kh&8ngnh€hhgnh€Bng?7.

Pn'eﬂ
—_—

s O Ores

Hinh2.1Z2M* h3nh t<€hng L€hng h’ th  ng Li
Trong LiQu ki n I "m vi ctbuglnt k€ont
dayt . khu v c¢c 1 LJn kh[@2:v, ¢ 2 L€ ¢ t2nh
V,| .
RielZzMSlndlz (23 2
X12
Trongi=Xi+XiX. Th, ¢ hi n tuy/n t2nh h
L€ ng dOoy €€ E€tdph@Pnpg2d)r 3 nh (
dP

— tiel2
12

0w @ To 4 (2.24)
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Tiz |7 L, d' ¢ c¢c,a L€ ng cong ct.ng sul
d,=¢ -, h' sft”olgngp subrs vdy, c¢c- L€ c:
dP MV
T, = —tel2 2l sin 2.25
" da, - X @20 ( )

Trong, £-fn | € tpHd o 8 Llgir, Vot Stpngc u nig \

Sai | " ch ¢tng sublt trao L"i tr°n L€
DRey =T @ -4k ( 26) 2
MV o e pe
Tronngti :sin o,  (MW/rad)| h s L  ng b, ctr
12
Tfn s~ thay L i ¢+ |li®°n quan L/Jn L,
Dd, =2 P fDdt (27) 2
Dd, = P fDdt
Do L- ph€ehhkbitbtaphcettrr? n h” nh:
2P T
DR2(9) = Slz( fis -L(®) (28 2
Hinh2181 © c¢blu tr%c h th ng Li ' n hai v
h“ i nhi t v° v%ng hai |~ tua bin h¥i n

va GRC
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Y
i i Khu ¢ ¢
k Tua bin khing h"i nhi'AP”‘ o
DB May phét
APgl AP]I GRC " Af
. | 1 ml 1 1
B, Lj N 6" 1
k hilWn 1457, O s + D, +sM,
AP, ) .
B, LiQu t'c 2017, ‘
s C 3
APrie —
AP, GoB a2, GRC v
(8. N 6" / F L +1 1 '
k hi2wn 14T, O _/ T,s+1 D, +sM,
“ B, LiQu t ¢ May phét
Tua bin Tt
1
A R, AR,
A Khu 2 ¢

H

Hinh2.18& Cblu trY%c h° th  ng 700i " n hai v

Y Khu ¥ c
/
1
— . Ning 1€ ng mHt tr' i
R Tua bin khtng h*i i ‘
~ GRC May phét
B, L| 1 1 | M
k hilWn s D, +sM,
AR, i
o, @
5
APn'e 7“
Tua bin h™i |nhi’t
May phat
+ APmZ + Af
F.T.s+ 1 :

ot rh

T s+1 D, +sM,

T

Tua bin h™i nh

IN’L'[ng € ng gi-

Khu 2 ¢

| e

Hinh2.19Cblu tr ¥%c h° th' ngcdxi®tn Lhlai nw¥amgg | pe
Thing s° m:* ph, ng cho h” th ng L€ ¢
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BIfnglbT2htng s~ h° th7lng Li n hai

Vung 1 Gi § t Vung 2 Gi § tr
M1 (p.u.s) 10 M2 (p.u.s) 10
D1 (p.u./Hz) 1 D2 (p.u./Hz) 1
Tcni(S) 0,3 Ten2(S) 0,3
Tg1(s) 0,1 Tg2(S) 0,2
R1(Hz/p.u.) 0,05 R (Hz/p.u.) 0,05
B1(p.u./Hz) 21 B2 (p.u./Hz) 21
T1(p.u./rad.) 22,6 T2(p.u./rad.) 22,6
GDB (%) 0,06 Frp 0,3
GRC (pu/min) 0,1 T (S) 7

ng&p . ng h th ngnb® h3khc2ah& ai cv %t
khi Wn L€ ¢ th2vhdd ha nhedm3mmbly®2 .r bng h'
n"i hai v%ng L€ ¢ x®t LJn khi trong h’
tuy/n v° t8c L. . ng c,a t[i th3 tstlmung hf u!
kho[FOng0o35 ((khoffn)y. 1Sai s tFfn s ° hai

0

-0.005 | 1

001 1

-0.015

T
|

002 1

A F1(Hz)

-0.025

T
I

0035

0 10 20 30 40 50 60 70 80 90 100
Time(s)

Hinh2.20n8p . ng sai | ch tfn s° wv¥%ng m
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[
|

-0.005

001 1

0015 1

002 1

AF2 (Hz)

0.025 1

003 1

00351

A J | | | . ! J |
0 10 ! 3 “ 50 f0 70 8 9 100

Time(s)

Hinh2.2n8p . ng sai |l " ch tfn s v¥%ng ha
Ch2nh v3 vdy, cfn thiJJt kJJ b, Li Qu Kk
tiJJn vQ O nh31xm LTm blfo c8c thilJjt tbfFn tsr
danh. L nh
b.Cblu t rt*ic nlgt Li n hai v¥%ng theo dUng kh

H

H th "  ng L€ ¢ x©y d ng theo khi'ng ¢

vangtuabi n khi*ng h”i nhi t. Sh LY kh" i «c.
2.2,

C&c bi/Jjn trYYng thsgi L€ ¢ LHt | :

x = 0 X, =Rb x BRD x =D x R,

=B, % =ED % AACEdt ¥ pCE dt

C&c Dbi/Jjn Li Qu uklhi Wn L€ ¢ LHt |-

C8c DbiJjn nhij=my feuerpv™ o

C8&c kh i h"m truyQn L€ ¢ L&nh s’ t_

Kh i 1 ta c

X =t R X XL (2.29)



| —

Y

[ —

D2 +S]M2 x,

May phat
nhi't

Hinh2.22M* h3nh khtng gian trUYng th§&8i h’

nhi t
Kh" i 2
. -1 1
==X X (2.30)
? Tchl Tchl
Kh" i 3:
. -1 1 1
X3 = X-—X *—U (2.31)
T P P 1
Kh" i 4:
-D 1 1 1
_ 2
=—= -—— 2. 32
Xy M2X4+I\/I_2)% ‘I\F/I_2X7 Mzdz ( )
Kh" i 5:
: -1 1
K=0—X X% (2.33)
Tch2 Tch2
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1
| - (2.34)
Rl T, ° T,

X, = 20T5% -2 i, %, (2.35)
X, =B.x % (2.36)
Xo =B, .%, - % (2.37)

miehong giadtnr Yng_ ah 8ila:t h™ ng

-1 0 0 000000 0Og
0 0 0 0 ——= 00 é l
M, 00 0000000
é1 \
1 0 0 0 00 e 0 0000000
T e l
cit €0 0 ol
1 é U
—= 0 0 0 0 00 B=s0 0 04
El ‘? 1 @
5 . . €0 = 0000000
- e 2 u
0 =2 — 0 — 00 s )
M, M, M, 2000 0 03
11 gooo 0 og
0 0 T T 0 00 50 0 000000 0
o 1 o X 0 00
R T2 Ty
0 -2@, 0 0 O
0 0 0 0 1
o B 0 0 -1
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x=[x % % % % % % % f

eu g de o
&, U g€ U
é2 U IV
&, 0  dé U
é u 46
¢ de
u=€&, U d =de U
é’ u é u
¢hu 4
é’ u é u
al; U dé 0
éJ u g€ U
o U e u

Ve =y 3 g i 4=y D
2.1.7.2CHltric h' th"'n g " nba ving

Trong mth th'n g nllién K} v i nhau, cé B nhiQu  k h u Qvkhiv
Lekinivi nhau t h? mgdaygtug fic.§ cD d ‘@h edngssHl i
t r aio tr Agrdaylie@¥t °‘lc@Ahinfngglt nhe€ sau:

tiel2

Hinh2.23 Sh LY c¢blu tr¥%c h th ng Li

20T,
L wy @) (2.

DR (9 S

38)
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T h2323tdhco:

1

Df = ——( B RO R(Y (2.39)
1
DP (9 e (3 (2.40)
DR(Y =——— B($
t 1+5sT, &
. . (2.41)
“er (B % 0
ACE=BD +Pbd 3 2.42)
20T,
DPtie( =~ ({9 -{(@) (2.43)

s
Mé hinhhthng nliba khu v  binki®hghidnhin, quabinu a
hinhitvatuabi ncn®®WMn nh€e tedMng kR&mhx®t L/n
t" phi tvaGREn GDB
Thitng s~ m:* ph,ng cho h' th ng L€ ¢ tr?:
Bfng2Thing s~ h' tHh1ng Li n ba v

Vung tuabin khéng Gi & Vung tuabin Gi & Vung tuabin | Gia
h Qi nhi h Qi n h t hvy tr
M1 (p.u.s) 10 M2 (p.u.s) 10 Tw(S) 1
Di1(p.u./Hz) 1 D2(p.u./Hz) 1 Tr(S) 5
Tcn1(S) 0,3 Tch2(S) 0,3 Fnp 0,3
Tg1(S) 0,1 Tg2(S) 0,2 Trh(S) 7
R1(Hz/p.u.) 0,05 Rz (Hz/p.u.) 0,05 Tspv(S) 1,8
B1(p.u./Hz) 21 B2 (p.u./Hz) 21 Tws(S) 1,5
T1(p.u./rad.) 22,6 T2(p.u./rad.) 22,6 GDB (%) | 0,06
GRC (pu/min) 01 GDB (%) 0,06
GDB (%) 0,06 | GRC (pu/min)| 0,1

ng§p . ng sai Ls€ cc taaWahivBandlPpmyg2.cBc h3n
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A 4
V} 1 Ntng | € ng mHt fr° iAP,
B E —
+ B 1 - 1
B. L L -
k hilwn 1+sT,, -+ D, +sM, N
i
ACE; AP, — ;(Ei) »
‘ >
AP,
+
APN’e - S
- A
- Af;
i +
1 1 || FTs+1|AB, 1

- 7 - ! >+ > — T,

L+ sT,, s T,s+1 D, +sM, N

g h 5

GDB
rP\lr’r1_ingtl'e°ng mist  trt i n

.- L

A K}
! Ts+1 Tl AP, \ APy, - L

—> S TR 1 - - s

1+STg3 7_ R733+ 0.5TwS+1 ol 4 1 Af;
- D3+SM3
Tua bin th,y I c

Hinh2.24 Cblu t r Yc h th ng

w |

5
\
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Time(s)
Hinh2.25:n § p ng sai 1Klih aHi@a sc -
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;-0.015* o
p
-0.02 o
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Time(s)
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0
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;-0015* —
<
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0,025 - —
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Time(s)
Hinh2.27n § p ng sai B8Klih aHi@a sc-
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H  th ng khi ch€a c¢c- b, LTI®Wz k'hidMn b
vi%ng ch2nh v3 vdy c¢cfn thil]Jt kIJJ b, Li Qu
2.2.Ch° Igthuy/} Qi khiw
2.2.1.B L @ khiwi PID

B, Li Qu khi Wn kinlivnl L€b.c i Qd_ ng nhi
| © b, Li Qtichghri Win ghon c¢c- d4ng ph€ehng tr

u(t) = Koe(t) + K, fe(d dt ++§D% (2. 44)

Ty v 0o m,c L2ch v™ L kht®nhn®! Di Qu Kk
le€b. t LW tr° th” nh b, LiQu khiWn P, PI
k/] b, LiQu khiWnKPKK,$d0cthhm k8clLihQu skt

t"t v> "n L nh (qu8 tr3Khintkgki §tikl] " bpPl
t h€ ngK,gah'€c sau L- th b, LiQu khiWn
ph, ng), KjQaochhahth i gian L&8gpus§ngi Qu
ch'nnhh . Ti JJp KyLWigQui mShl'ln Quh &KhB®he t tnc
t.  t. v© th  nghi m v™ ch n gh® $& xu
hi n. Th, B8W phfingi [m sai s  KxI'8& cl dpt.ngH
b® L/Jn | . n LW gilm sai s  qgx8&c Ll & bt"hn g
hi " n tr° 1 4i

Tuy | 7 b, Li Qu khi Wn th'ng d, ng nh-t< €
khi Wn PID cho nh_ng h th ng ph_. cQut Yp
kh§c nh€e M , PSO, GWO, ANNé. nh33m n®©ng

2.2.2. B L @Q khiw thich nghi
H th  ng LiQu khiWn mX(MRAS)hghih st hd
Li Qu khi Wn th2ch ngh2283tr ¢ tiJJp c¢c- sh |
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M0 hinh tham
chi Jju
/ B
> . {4 .
r(f) B, Li Qurkhi» n I
_._>
kK hilwn Ch C.ISIuj_hl u
ngh| ch nh<_

Hinh2.28H th  ng Li Qu khiWn th2ch n
T2n hi u th,c x(t) sxE&Htt € m! shb3 sEndh
L€ ¢ x8c L eEx®xgDsaitis®n sai s n"y |
c.a b, LiQu khiwn. H th ng LiQu khi Wn
b, LiQu khiWn L€ ¢ LiQu cefdiiihcbci tv Wug
C8c ph€ehng ph8p phon tRKcbhghitheandthmh /Jt k
MXMRAS | © ph€ehng ph8p tiJJp cdn gradi en
Lyapunov. Trong c¢c8c ph€ehng ph8p n"y th-¢
h“m Lyapunov cho thbly t2nh hi u qul h
Thudt to&n h"m Gauss L€ ¢ L€a v o LWt
khi Wn c¢c_a h th ng.
n“"nh I'T “"n L nh Lyapunov L€ ¢ d%¥%ng
ph€hng tr3*nh trYng ths8i c¢c,a m! t[ nhe€e :

x= F(xU)u=o (2.45)

Gi[ s h  th ng=0.- LiWm cO©n b3ung

Qo

NJu t n t Ui h~ m VOER cshaoa clhiownt rcoénng b
th, a m«n:
- V(¥ >0, "x iD\{4
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- V(0)=0

- V(X ¢0, "x iD
Khi L- h° th " ng ° m* t[ b,i ph€ehng t
n L nh LyapwhowdtyQi klhii Whho JJt kJ b, Li
Lyapunov &h)sachbv(<omlW x§c L nh c8§c thti
k hi Wn.

S(e) S(e) S(e)

S(6) 5(9)

Hinh2.29(a) TrYng th8i c¢c©n b3xng "n L

(b) Tr Ynbguntgh &ii cn®nc dn
(c) TrUng ths8i c©n b3lung kh?

S(5)

Phfn tiJJp theo |l udn 8n tr3nh b y th
ch s° |IT thHwellerestaalSisomnmeuy Bifapuhgm L~ nh

2.2.3.B L Q khivim
Theo m t c8ch t " ng qus§t h th ng m

N/Ju éeéTh3 LW m! ph, ng h”"nh vi c.,a col
Li Qu khiWn c¢c_,a h" th ng. K: thudt thil/J
chblt ch, quan, t¥»y thu, c rblt nhiQu v~ o
ni Qu khi Wng mi hayLicQu khi Wn th?*ng minh
x  I'T thing tin v" LiQu khiWn c_,a con
nhon t4Yo trong |l onh v, ¢ LiQu khi wn.
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2. 2. %.hl .n gdm ava dac thut ng lién quan
Tdp m F x8&kilbhnhitwme X tdpm t tdp m

m t cHp @&¢)gn &nxd Xkam |~ § mhX-x[6)1][83]
T Cnh miB€e ¢ " m Ilicp at hwdipcm F.
f§ Tdp kinh LiWwn X L€ ¢ g i |7 tdp nQn
a H " m | i °n tbu,c:o ’ )
Cho m t tdp miA-pRIA€¢ &nlh M nghoa nh+€e sau
glxl A . ,
nZ\:‘:'O,xTA; L€e ¢ g I | h m thu, ¢ c_ a A.
M t tdpm{¥w¥iw, ic-m i x L€ ¢ g i | kht
Vdy v. i kh8i ni mmnche ttrfpn A hcd- ht"dp t

hi Wu | m:%-n{6,1} x 4

Hinh2.300H" m | i °n thu, 6 c

Mi Qn x8c L nh: MiQn x8c¢c L nh c¢c_,a td
kT hi " u b i S | " sdpixXpgp lcMal M t dp ar m«a

Mi Qn tMinQrc dtyi:n c¢cdy ¢, a tdp m F (L 1
hi  u b" i cT a "M ttdp={aciogme(: 5.
2.2.32. BiJjh ngén ng

Bi Jn ng!n nguand 'kKhphdgi ts™ thnmglUiogi c
nay, c¢c8c th”"nh phfn ng!'n ng. c.a c¥ng m,
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M, i gi8§8§ tr° ng!'n ng. c_,a biJn L€ ¢ x¢&
tdp nQn | " tdp c8&c s’ Nhhéhek Eb " nbhi §ttt’
ph,ng, ta c¢c- c¢c8c kh&i ni ' m nh€: nhi  t
r bltng iheo kinh nghi m tea&lagm tt,hve@ids n de

v inh25 L, C I'" trung b3nh, 30 L, C | 7 h
& Maarn
1 Moitanh |
Vdy v, i mttta rchi 'nm tL §nahd g nh€e sau
& Mainong -
[

Cnh xY nh€e tr°nmg m-@& giB tqu8rbr hhh'
2.2.3.3.CAc phép toan trén th m
Cho X v Y I " 2 tdp tr°n kh'!ng gian
mvamkhi L. :
Ph®p h’ p xZytdp m
T Theo I ud O)Mea{ 5¢h oD}
T Theo | umat,(b)SMimd, g(b + (D}
TT ng trm&bt g@pt ) -
Ph®p giaoxa tdp m
T Theo | ump (b)dNinh nfh, [0}
T Theo | wd(b)=P (). /)
T Theo | udt mykaMdaxOe w(h crs) 1
T Ph®p b Y% npi1 - mib)
2.2.3.4M n h QM p thanh - Lud h' p thanh
aM nh LQ h p th”"nh
Khg&i ni m: M nh LQ ' tp Itthdtnhlit@hnlghi
IlF (m nh LQ LiQu ki n) THEN (m nh LC

n"nh I'T Mamdani
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fini phA thuic cva kAt luon khtng L_1
(Nguy°n tdc n"y th€ ng L€ ¢ s d,_ng LW
khi Wn)

”L\’(B(y): '517()’) = MB(@ ( 26) 4

T€ehng _ ng Ii"Prod ui t db’c Min

Hai quy t dc thH mgtdochndigtg °g0f n gi " ng n
x8c L nh mhixmct hau tedp gi ao hai tdp m
nhau ° blfn chblt | °~ trong khimgMld® cm Lk}
nghoa tr°n mdReYyY)yi@®ncBl Bmhnnghoa tr°n td

nQh v’ B. Ngolyphratdiugctv’™ o ogngdxyrthi- r »

o Q

b. L udt h p th”"nh m
Ludt h p th"nh m L€ ¢ hiWu theo ngl

ng V. i m t giocfhtrthtmglfuavpb®p suy d
Lfu ra t<€hng _ng v, i nNgn€nh tlaQukd ahil pu
thanh la R

C8c m nh LQ hRp é&h, nR |~ : R

Tdp m Lfu ral’Btehéad, Bg |~ : B

nfu ra c, a IBdt di §8=tBMBNH" @

Nju nh€ ph®p to§n h  p n"y L%BS & 2nh
B2L€ ¢ t2nh theo quy tdc MMhnt hI€hagect
vdy ta c.,n c¢c- ¢c8c ludt h p th" nh khgc |

T Ludt h MaxitPiod n h
9 Ludt h” p itMm " nh Sum
f Ludt h’° p ittlod nh Sum

Q

c. Gi [i m
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Gifi m |7 bifln L"i m t tdp m (gi §
vdt.TE'm) gi 8§ tr° r» thkdimig nc-t cth mshbltl Tgit
ta ohehng ph%&p gi cih m ph€hng ph&p gili
t2nh c,a t.rcgc mpghehngg phg&p gili m the
Ph€hng ph8p tr ng t©m

n€ ¢ s d,ng nhiQu nhblt trongcgc@c
ph€hng pahighpoan pyn .c t Up

_ Y72 (y).ydy

Rm(y)dy (27 4

U

}-:I: ‘\

Hinh2.3:Ph€©hng ph8&8p tr ng t©m
Ph€hng ph8p trung b3nh ¢, ¢ LUi

Cho kgt qul |~ gi8& tr° LYi di n cho
c ¢ LUYi
yr=220 (28) 4
2
)7

I
1
1
1
1
1
1
1
1
1
1
i
b

- f—— -

|
|
|
|
|
|
|
|
|
|
|
|
|
a

¥

Hinh2.32Ph€hng ph8p trung b3nh ¢,
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Ph€ehng ph:&pguly° ncaamh, L t hu Lce cc, doilWhi di, n

my) 2 gy 'y Iv (29 4
NJu ¢c8c¢c h™m |Ii°n thu, c: c- didng singl et ¢
a.ayinij
ye =S Hy min(m(y), ty) (8D
aaHij
i=1j %

U

L0

Hinh2.33Ph€hng ph8p L. cao
Cing th_ ¢ tr°n s’ d, ng chioMintSimi c[
Min, Max i Prod, Suni Prod.
Ph€hng phg8p trugch 683nh khing8s h" " m ||
Xx. ng cho k/Jt qul gfn gi ng .ph€hng phgp

o
|

am(¥)-Y a05)+b(0.9)
4 nh(gf) 05+09

Y- = (21) 5

7

1.0 —
0e

a b y

Hinh2.32 Ph€hng ph8p gsrung b3nh tr’
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Ph€hng ph8p phonyv¥%xgcbB®Bhghnii&ic b i L
m ng» ra th" nh hai v%¥%ng c¢c- di n t2ch

b

y*
yr(y)dy= gy dy

v
a=min{y|y '} (225
b=max{y|y 'Y}

i

__\4\

|
|
]
‘-:I: }

Hinh2.35Ph€hng ph8p pho©n v¥%ng nha
Ph€hng ph&8p c¢cdn tr&8i/phl[i ¢, a c,c LYi

y =inf{'y Y ot B

v, =suply 1Y =gt B) (295

ap

Sh L c.a phehng ph8p c¢cdn tr8i/ phT
hinh 2.36

!
0.0 i

Hinh2.36Ph€hng ph8p c¢cdn tr8i/ phl[i c
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ao r Q o

Sh L kK h i c.a b, Li Qu Kk28BF Wn m Le c
Ludt h° p
thanh
X o .Y
—» M h-la Gi [i
| B m8y suy }
di, n |m
Hinh2.372Sh LY kh i b, LiQu khi Wn
V. i shecl™ knh'ti b, Li Qu khiWn m ch bl

ti/JJn h>nh t " ng h p mt b, LiQu khiWn m
n"nh nghoa tblt ¢l c¢c8c bi/Jln ng!'n ng.
n"nh nghoga tdp m <cho c¢c&c bi/fn v’ o,
X©y d. ng c¢c8c ludt Li Qu Kkhi Wn
Ch n thiJt b hp th”"nh
9 Gi i m
224 Cacph€hng ph&u t
2.2.4.1. Pherugbplysgi n PSO
Ph€ehng phg8p [7344]l @umbfydlihng c. a c8c |
qufn thwW L«th&dt bi JGAYnh®BuyyQdy PSO k
ch, n- thi®°n vQ s’ d,. ng s, t€ehng t8&8c g
phakhénggi an t3m ki Jjm. PSO I kJt qulf c, a
t3m kiJJm th_ ¢ tn cho n°n n- th<€ ng L€ |
tu bFfy L"n. Thudt to&n c¢c- nhiQu _ng d
L- L,i ih,qiuyplhlfic8si P"i to8&n t i <€u h-:
Thudt to&n PSPug€ rcd xkemt 3nth<€ki Jjm th_c
Khtng gian t3m kiJ/Jm th_c¢c &tn | %%c n"y |~
Lang sinh s ng. T4i th i LiWm dh” d&Fb-
c- thw | " rblt ngXu nhi°n. Tuy nhi®°n sa

)l
T
T
)l


https://vi.wikipedia.org/w/index.php?title=Thu%E1%BA%ADt_gi%E1%BA%A3i_di_truy%E1%BB%81n&action=edit&redlink=1
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o

L™ n b dt Lfu t3m ra L€ ¢ nhi C - ch a tF
ki /Jm, m° ¢c8&8 thW g i t2n hi u LJJn c8c c
T2n hi u n"y lan truyQn tr°n to"n qufn
s€ LiQu ch " nh h€e ng bay v" vdn t ¢ the
chJl truyQn tin nh€e vdy th€ ng L€ ¢ xem
Ch ch/lpnty dir¥ chim t3m ra nhi C - nhi C
ki /JJm v c¢c%¥%ng r, ng |, n.

Nh€ vdy L"n chim L« d¥%ng tr2 tu , Kk
nhanh ch-ng t3m ra nhi ch a th ¢ tn. Vi
tinhph, ng stihn@ nhg c hbly trong c¢c8c ng ' nh k
r€ ¢ x©y d. ng d . a tr°n vi ¢ m* h3nh h-
thudt to8n ph, ng sinh h ¢

H«y x®t b”"i to&n t i €©u c.,a h"m s’
trongkhdonggia | © mt tanlicWwm Qu .h "Hi nm_Bc8ld"i I°unh t |
khing gian n chiQu v nhdldnWgi & ta th Wh R
trong mi Qn xX%ecm LX &th sn” ol il°>>n h° gi_a b~
to8n t3m, a & " M Wheo c8ch nh€e sau. Gi [
v tr2 t° | ngh' ch v,i gi8& tr" c¢c_,a h-
tr h"m F c¢c”"ng nh, th3 s~ 1€ ng th_ c¢ &t
nhblt t€hmgctt3mh€avvi¥ng ch_a LiWm c, c
tsm ki Jjm.

Thudt to8&n bdt Lfu b i c¢c8c phfn t°
ki Jm. Trong m, i | Hp Li | Hp I'4i, c8c hyt
t ¢ L€ ¢ giaora. gihiy ph&py tt’3tm nhlbe’. ¢ C8§«
cdp nhdt d a tr°n vdn t ¢ c_,a hyt, ri °
nhblt _tdo& nL€ ¢ thu L€ ¢ cho LJn nay. Sa
| Hop Li | Hp | 99 cd ma it,r crhoc §djnv&ri d. ng

ph€hng tr3nh m* ph, ng c8c L HccilngVmt K €
(2.54) va (2.55)


https://vi.wikipedia.org/w/index.php?title=Ph%E1%BB%8Fng_sinh_h%E1%BB%8Dc&action=edit&redlink=1
https://vi.wikipedia.org/wiki/H%E1%BB%87_t%E1%BB%8Da_%C4%91%E1%BB%99
https://vi.wikipedia.org/w/index.php?title=H%C3%A0m_m%E1%BB%A5c_ti%C3%AAu&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=%C4%90i%E1%BB%83m_c%E1%BB%B1c_ti%E1%BB%83u&action=edit&redlink=1
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Vit =w 3 & 53Ry Ay)
+C, %, Py q )4,'d)
Xa =Xy N7 ( 85)
Trong phexsyea@sh)sxphva X511 ° v tr2 hi' n
lai c, d.Th@atmvtsh, vdn t" ¢ hi' ' n t4i c_ a h
ki Wm so8t [nh h€ ng c,a vdn t ¢ hi n t
Bi /JpyLYi di  n cho gi [ikhpihS8lpHpt “I1t4inhwlt Ic,
cfu t°t nhblt cho LJ/paeaygc Hainhy fF mt qut
c8c gili ph8&8p t°t nhblt hi n tar,lah&ii L
s’ ngXu nhi°n trong phUm vi [ O, 1] LW
nhi°n c¢c,a c8c h4dt trong khlng gian t3m

2.2.4.3. Phewrwg GWOsp t
Thudt td®JbdBEW@he€ ¢ h th ng phon c¢b

Qap

m i c., a s-tihix°8m nhio°nng. B "n | oY S - i X
omega L€ ¢ s dg¢hblg KA m?« npht, ridgog tNguwd ti
GWO s bd, be EWem2lamEim kdodjm m i, bao vOy

tbin cing€ecentm ic hi n nh€e sau:

1T Phon cblpn W« dp im* h3nh to&n h ¢ vQ h
l o"i s-i khtfadii Jgi ki pgBAWMp phWWih' p
vdy c8c gil[i phgphtt €amg bt nogeht_ a h(abi)
(UQacgi i ph8&8pc,nyglT @8omegan(¥). Trong
vi ¢ t’'Li€e<@u hhe. ang d%n b°i U, b v u.
con soi nay.

f Bao vOy Taoomg nju§ ts3nhx&§mnsA b@o vOy
ph€hng256va25ihe€ ¢ LLQV xmibltt [ h”" nh vi b a

c. a X.: I X 8m
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Bz\éx,’(t) -T((t)\ ( 36)

X (t+1) =X, () AD ( B7)

— —

Trong L. tACI"" s¢&d Fw®d Hiph h° s’

—_

X 1" v®c th v Xltr2v®c at cown’ A€ «. a

p

t2nh theo ct!ng th. ¢ sau:

A=2af -a ( 28)

C =2r, ( 29) 5
TronéisE:- gi 'm tuy/Jxnr otnzgnhqutﬁ,ﬂtlﬁcéMC(] Hup
th ngXu nhi°n.trong khol[ng [0, 1]
V., i c8c ph€ehng tr3nh t&Y)en, tnmh W coccdp n
tr2 c_.a n- theM®Y). NoOr BWcl @t clb® an ¢ §c
nhau xung quang i §t “ttr 'sovh bit v ' it rBJvrmg @& ahl L
gi 8§ tAvaCcChaing LWUK Ut L ©FXYt had Lcfn L
A=@ovaC=@1.Hai v®c tH,MgXut mWicé¢mo ph®
bblt k3 @i_  arhkain Wt Wndg, mhW con s -
nhdt v tr2 c¢,a n- b°n trong khtng
ngXu nhi°n nnetrinhRéntmén.c 8c ph<€h
Stn mM-ii: x&8m c¢- kh[ nkng nhdn bi ]t
ch¥%ng. @uik€shghl @dldH,wvadth  nh tholng
c- thW wheamws§atr3nW mknpm ng tog§n
m i ¢, aashil "x8&nh_ngc: nihJmc°n "t hhn
ti Qm nkng V3 av dho@ulmd ngi [i ph&p t t n
L€ ¢ v° bdt bu, c c8c t 8§cwhnhodp trdhndtki
c.rtheo v tr2 c¢_da tnhbltnh B cBCEH NnIgi A
266 L€ ¢ L Q xusbitn vn) ivbtn aL G -i X 8&m



D, =|C.- X, -X (BD

DT,:\(TZ.XTJ -X ( BY

D, =[C,. X, -X ( B2)

X=X, -A(D,) ( B3)

X,=X, -A.(D) (264)

X;= X, -A(D) ( B5)

X (t+1) X § X ( B6)

V., i c8c phehng tr3nh n’vy, t 8c nhOoOn

af trong khl'ng gian t3m KkKiJjm n chi C
m t v’ tr2 ngXu nhi°n trong &a gng tr
trong khlng gian tamy k& Bgm.t 2M-hi vc §ah
mi v° nh_ng con s-i kh8c cdp nhdt

m t c¢c8ch ngXu nhi °n.

Tbln c!ng:Scionx &mi kJ/Jt th¥%c cu, ¢ stn b
khi n- ng. Gglci dghuglWs) dp tmé§ m3mhc t
cdn coknhim’li-, bi°n LArcdndagiAPmodic.na
thay L i t-2ap2algkhkha@gifgn t. 2 vQ 0 tro
| Ui thudkthit «Src gi.8aAnrvm g X¥u gitihdF ng
v’ tr2 tifl]p theo c¢c,a t&c nhon t3m ki
tdi c¢c.a n- Vv~ Vy'i tcr8c d.o&ncdn mea c L
thudt to8n GWOnbo®®o ph®&pkcgom €£t8a n-

ch¥%ng d a tarfnv v't Hinr2cicnga con m i . T
GWO dchdmrntong c8c gil[i ph8p c.c b,

ch chJ] bao voOoy L€ ¢ d,Q ‘xumltt crmhoc tlhE
nheng GWO tcg&cen mmhh@nm@ atni. m ki Jjm
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ao

T T3m ki Jjm con m i
S-i x8m ch, yJu t3ampki Th¥nlyed 8§« h tm

Qo

LW t3*m ki/Jm con m i v 'nW,  m! th3 il ttd
phonAKk8,gi 8 tr  ngXu nhillW bunc hthfic 1
t3m kiJjm chuyWn .hi€Qugnk%n, nhhBlonmtnh
v cho ph®p thudt to8§n GWObfymski Jjm

phl[i t8&8ch kh,i con m i LW hyghwlt ngeti
hh@c ch€ ng ngli vdt trong t  nhi°n
v - th ¢ tJ |7 ngtn c¢clin ch¥wng tilJ]lp

t hudnLidndy, @yt hu ¢ v o @c- trARWcpaXs - -nh
tr  ng | € ng cho dctoin/] pmodnd nm” T -krh ihlA%i ,s - d
tr3nh t3m ki/Jjm bdt Lfu b3ung vi ¢ t¢
(gi i ph&p . ng c vi °n) trong thudt
séia, b €. ¢ t2nh v tr2 c¢c- thW x[y ra
vi°n c¢cdp nhdt kholng c¢c8ch c¢_,a n-: Vv,
Xu ' ng O LW nhbin mdnh hoUYt L, ng thitm

ph&p . ng hc€ nvgi °knh §cc- vwlslvz‘xhgri m- i vkhiph
m” | de.iThudt to§n GWO k/Jt thw%c khi th

23.K/fludh ch€ehng 2

Trongdhh€hnmg™ 2 | udp Bhub§ h th ng Li n
ddng ph<€ehng ' rm nthv Uwyod®n gh kcht ng gian tr Y
ph. ¢ h>p hai v%ng v~° ba v%ng. n ng th
m: ph, ng LW ch” ra r» L€th hmgh LHe wvg «
tfFnRs r"ng nJjju h th ng ch”™ th ¢ hi n
L nh L€ ¢ tfn s’ c.a t_.ng v¥%Bng VvBé&n c?! nc
cYnh vi ¢ phon t2ch LIrw Lhea trha nigRal idimf iW
ph¥% Hromch<€hng 2 n"vy | vadtnd n8 nhicWun cl8ic sp@
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L'i Qu khi Wn nh€e: PID, ms, dhédaghl hghhuy
Lyapunoyc 8¢ p h€hng pPSBGAIGWOL Vut nhie t hi JJt
L'i Qu khmWnhthhfRgo " n L nhSafnlLs LW cthet
k] ¢c8c b, LiQu khiWn "n L nh tfn s’ c¢h
c8c ph€ehng ph8p LiQu khiWn v, i nhacug§ctr
ch€ehng sau c¢c_, a | udn 8n



CHhyNG

59

| 1eM Ke B HilljU KHI gN THICH NGHI HAM GAUSS

CHO Bél TMLKMIgN

TEIN S

3.1ThiJ; k/]b, L Qi khiwi thich nghi ham Gauss s d, ng Lyapunov

I
2

phfn n"y LQ c¢cdp thilt kJ]] b, Li Qu
T "n L'"nh hgapunoevliahk/Jh n" i h
(trong h th  ng c¢c- x®tCs8lc/ny Jrus «
m cho tfn s~ h th ng v" c¢ctng
h .

n

nNW thi/Jt kJ h  MRAsS

nguy°n
c h€ehng
¢ Ny
danh L°
s d. ng
A, B: L
u,t: L~
/(x): L~

h" " m Gauss. X®t

X() =AY Hu() AX]

tdr, onngg | 1Tu drh u§n]tn "~

L

ma trdn trUng t h§i

U (1) = Yo (1) (1)

2n hi u LiQu Kk

1(¥)=Q (97 (X

Ch ffix)t heo ki Wu Gauss:

Vdy ph€ehng tr3nh khlng

x()=A() Hu) #(} QWX

M2 hs3nh

chuXn c_, a L i

xm(t) = Ax(t) Brtp(D

hi Wn

'm nhi, u L€ ¢ tr3nh

gi an

t € ng

t€ ng phi t

(3.1)

(3.)2

th2ch nghi
by nh€ pht

(3)3

(3.4)
trdng t h§i
(3.5)

L€ ¢ cho nl

(3.6)
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L%ec L- b, LiQu khiWn th2ch nghi L€ ¢ t|

(%]
Un(D) = Qux() +u(d QF(3 (3.7)
Ta co:
BQ,= A, -A (3.8)
BQ,=8B, -B

Q (9= QA) €9

Nhe wdg € bs&m(h)kbkb t aCFm XGn d. ng |
khi Wn th2ch nghi v,i ¢8c thtng s’ L i
thing s’ QJOD@ te€hicWrkhi thiJgt Idp ludt
€ c¢c |€ ng L€ ¢c cho nh€e sau:

5
1 lim Qu(t) =Q,

¥||mQB(t) &G (3.9
IImQ/(t) Q/
T. L- ta c¢c- ludt LiQu khiWn th2ch nghi
sau:
Un(D= Q) +Qu() QF(X (3.10)

TrongQ):L” € ¢ IR ng c, a
Q):L” € ¢ IR ng c. a
@ o,
QM :L” <© ¢ |I&® ng c, a

F00.() Q.0 Q.
100 () 20 &

IDQ/ () =Q (Y Q

(3.11)
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Vdy ta c-:

X)) =[A BQ X} [*B BQUI )t (3.12)
+B Q,(0F(X ®() €]
Thay c8c gi § tr’
TQ.0)= () @
Q0= () @ (331
id0= 0 &
Vo ph€ehng tr®nh ta c¢-:

x(t) =[A BA]l X} [ BQ y)t (3.14)
+B () X) +Q@Iu()  Q(DF( X
X(t) = AXD) +B,u() (3.15)
+Bl () X9 +Q@Iu()  Q(IF( X
Ta co:
() =x) () A&} (3.16)
+B @ ()XY +Q@AIu()  Q(BF( X
Ma
BQ.=B, -B YB B(1 & (3.17)
e()=xY () A€}
+By(1 Q7T @Y X) (3.18)
+ Qs (OU() - AXHF(X]
nwW t hiJJt | dp | udt th2ch nghi e, c | €
m t h"m Lyapunov ph, thu, c v o e(t) v~

V() =€ () Pd)
+Hr( QA @)t & Q) (3.109)
+Hr( Qg @) 5 Q)
+Hr( QMO @) 7 QR
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Trong alg,ic: |7 h s khuJch LYi d<€hng
P=P': 1" ma trdn Li x_ ng x8c L nh d<€hn
LOy:

AP+PA =M (M M 0 (3.20)

Vdy ta c- LYo h"m ¢, a h"m Lyapunov L€ ¢

V(t) =€ ©)A,PeD) +€ (PA &)
+2€ ¢(PB, (I Q)" [ QO
+ Ds(u() - QADF(R]

+tr(2 ML E)( @) F QM)

+r(2 M ) @) & Q)

+r(2 0y O0 @) 7 Q)
Ta c¢c- kJJt qul sau:
2e" () PB, (1+ Q)"
[DRUXD + Q(Ius(D QY (X) (3.22)
=tr(2€' ¢)PB, (I Q)"
[DQAMD) XY + @(Ju() QRO (X))
V3 vdy suy r a:

(3.21)

V() =€ (9[A;, P +PA] et
+r(2(0 Q)" @OIPBIX() £ QO

| (3.23)
+r(2( Q)" @OIPB.&du, (D £ QO
+tr(20 Q)" @M[ PB YT (R i+ QW)

V()= € ()M &)
+r20 Q)" @OPB.IX() £ QO (3.24)

+tr(20 ®z)" @MIPBYU () £ QO
+tr(200 Q)" @I PB.&YT(Y  #+ QM)
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H th ng "n L nh khi LYo h"m c,a h"m L

sau.

PR, )X ()+ & @) O=
PB.edu, (0+ & R () © (3.25)
-PB )T (N +; @) O

—— = == =

T. ph€ehng tr®nh tr°n ta c¢-
DQA() = -APB.&) X()

DQgs(t) = -aPB & duy" (9 (3.26)
DQ, () = ,PB.&) (3

— =) == = @

s

Theo (3.20) m" «c8@,Qt@am sc'§clihQun gk hsi’
h“m b3ung O0. N°n b, Li Qu khi Wn th2ch ngl
QM= - APBE)X()
1Qs(0= - sPB& YUy (9 (3.27)

[
}Q/(t): , PB. &) (3}

B LiQu khiWn ¢t he{)3t0 Kkki/J- m¢Thep b mu L @
Barbalat c¢ch._ ng minh h th ng "n L nh t
L€ ¢ c8Qmud,® Ottyv, i th"nh phfn° pafnghihn,
(3.28).

TQA0= { WPREIXO MQ)

10s(0= { sPB.EYUT () 75Q) (3.28)
Q@M= ,PB.EVT (Y +m,

—_ =
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‘ : ; x(1)
M1 h3nh } +—h——¢g

M1 h3nh Fethp¢h >

\ \
x(7) e(r) U,

Ch cblu hil| ul «

o ({)b Q @ 0.0

B, LiQu khi wn|-= nghi
x(1)
0,0 |
0,(1) |«
0,0 =
U, = U,

UH.’ (r)

Hinh3.1:Cblu tr %c h th  ng LiQu khi Wn t

Chblur ¢ Li Qu khiWn th2ch nghi h™m Ga
trong hinh 3.1
32n8pngcah th'ng "'nkhis d ngb L@ khiw thich nghi ham
Gauss

B LiQu khiwWwn L€ ¢ thi/Jt kJ LW LiQu
bin khtng shh ilL™nhhi’" tt hc-ng 222r 3fhomgyh'trel
xem x®t L/Jn c¢c8c yJju t° LpihQuct uyGInBgh h € &
clng s UGRC). ptpm cnay ludhnBnb”y vQ kJt qu
khiwWn tfn s” kit mhindgaii vetngatua bin k
b, LiQu khiWn th2ch nghi h"m Gauss L€
ch ng t, L€ ¢ b, LiQu khiwn thi/ft kJ c-
C8§c thtng s c¢c.a h” th ng nh€e sau:
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BlfnglBhtng s~ h° th ng Li n hai

Ving 1 Gi § tr |Ving?2 Gi 8§ tr’
M1 (p.u.s) 0,167 M2 (p.u.s) 0,167

D1 (p.u./Hz) 0,008 D2 (p.u./Hz) 0,008

Teni(S) 0,4 Ten2(S) 0,4

Tg1(s) 0,08 Tg2(s) 0,08
R1(Hz/p.u.) 2,4 R2 (Hz/p.u.) 2,4
B1(p.u./Hz) 0,425 B2 (p.u./Hz) 0,425
T1(p.u./rad.) 0,07 T2(p.u./rad.) 0,07

Tr€ ngCBcpd¥ing nhi_ u (§fHng -hgm&step) nh:
DPL, =0,03(pu), BL, G:04(pu

0.05
0 —~
—Bj diéu khién thich nghi ham Gauss
.05 ——Bj diéu khiénPID N
- .
E =B diéu khién PI
SRS -
3
<
015+ =
02+ =
025 | | | | | |
0 5 10 15 2 25 30 35
Time(s)

N - r Q r o
Hinh3.22n8p . ng sai s twrfnng hviegnd 1
0.5

(s e

~ 005 L g
.E =B} dieu khién thich nghi him Gauss
& ~—— B} ditu khién PID
2%
< A1 H —— By dibu khién PI .
015 B
02 | | | |
0 5 10 15 20 25 30 35
Time(s)

Hinh3.3:n&8p . ng sai s~ tfn s v¥%ng 2
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Tr € ng DAL #©,02pu), Bb GO05pu(dYng h"m random \
gian | bly mXu |~ 15s)

0.2 | T T T

0

-0.02

=B} ditu khién thich nghi him Gauss

=
=
=

= Bj diéu khién PID

——Bj diéu khién PI 4

A F1(Hz)
N .
=S

S
=
=

&

S
=

| | | | | |
0 5 10 15 20 25 30 35 40 45 50
Time(s)

Hinh3.4n&p . ng sa¥%ng 1tfmosg tr<€ ng

&
=

T T
&\A PO
—— B} diéu khién thich nghi ham Gauss
——Bj diéu khién PID 7
——Bi diéu khién PI i
o
I
g J
g\l
>
< J
| \ | | \
25 30 35 40 4 50

Time(s)

Hinh3.5:n8p . ng sai s~ tfn s v¥%ng 2
M t ti°u chuXn L&nh gi 8§ chblt | € ng Li Q

t.
ITAE = S('r;]m(\ m| frp | I?iebxtdt (3.29)

V. i kJt qul ° blfng 3.2 cho thbly b,
khi Wn I12VAEtH®0i gian x84& 3 dp~ |7 5stiémgdzn?
k hi L'i Qu ki n c¢c,a h phh ngylJh nhe GOI
ni Qu n"y c¢ch_ng t, L€ ¢ b, LiWu khiWwn t
L nh Lyadpwpurldw . ng tfntshhn, &, 6 c&d Qu¥%rkd i
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BIng2B®BlL.ng so s&nh lced mgecHhH'i Qui kthi dAmMb

Tr€ ng h° | Tr<€ ng h°
Ph€hng p Th i gi a Th i gi a
k'hi Wn | |TAE (s) ITAE (s)

pF 1 PF 2 pF 1| pF?2
B, Li Qu 9,2 193 205 | 115 325 337
B, LiQu | 11 6,8 6,8 2,2 27,8 285

B, L i QthnichH

nghi ham Gauss 0,2 5,4 55 0,9 125 141

33.KJfjludh ch<€ehng 3
B Li Qu khi Wn th2ch nghi h™m Gauss
sai s’ hai v¥%ng mnShnMfbmmh&onmit AAAnk chyuX

ving tua bin khtng hi nhi t (trong h’
v GRC). Nh€e L« xem x®t ° ch<€hng _2a [ nh
tfFn s h Vth m@cl k/Jlt, m.uhinmt! p3. 2n gl Jhrh €3
vV, o b2nnhgd n3 .t h blygila cx §cnlgdp s avacasfiéu t Fn

chuXn clkHhiti 189 g n@Qu khi Wn th2ch nghi h
| T Lyapunov c- chblit | Knayy htianQ8c khdp/nct
th ng rblt ndgidn skaioflnge h5s fn s.” gi_. a hai

Khi nghi°n ¢c_u h” th ng Li n La kIt
th "  ng trong th, ¢ tJ th3 | %c n"y c8c b,
khifmim€ m , nh ron, t i ©u hoHc LW tkng
khi Wee cth  ng th3 c¢cfn thift kJ nh_ng b,
ph&8p LiQu khiWn LWhdhagilL8p hUmg cl. a th™ti |

Trong chehagatliygnt®eosE tr3nh by j
k/Jt gi. a c8c ph€ehnginpchhSp hl i Qai \kirgjiba¥ni * tnh
vingkhdcnhaw ., i gi . i h4n b"i to&n L€ ¢ m
nh3m ch_ ng minh L€ c gt2pnhh§ peu ivQu tk hci,Vn
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CHhw NG®: THIeTKe B n ljU KHI gN THONG MINH n IjU KHI gN
TENS H TH NG 1N nNGU NPHAT

41.ThiJ kb, L@ khiwim -PID"n ‘rhtfns h th'ng nilA K

n i
4.1.1.This kjJb, L Q khivd

B, LkihQ&Mnl hn wi[fa- hi u tsutbltt rhoofg rhi
ki. nB, LiQu khiwn gHmsba tt'hting, sh’™ csh'2 n
phanCh o L Jltn« nca-y ,n hli ®uc nd” " dh cLW ph§t tri W
gifm th i giaon 4" hh€ahb-a c8§cNh®mgn &blu
c.a c8c b, LiQu khiwh'mgyphRhi€ h@clihhog
khiWn hi u qul c8c h' L tik’w'g hw ic Fn§ cc ht"
tuy/n th€Vinge xIy°d,., ng c8&c h  th ng d a

L'i Qu Lkahn gWnp hlS8Hic tbrii Wn |~ trong.Tromhg W.i®
khiwn m , ¢c8c yJu t° m:* t[ ng'n ng. VvQ
khi Wn m t qtuh§ ctrrkdi®@ he §c€ quy t L€ hh s Hc ka u):
th cL® oo s d,ng b°i m t mH csh/hkscwym Q ucc

trdng th8i c¢c_,a qus8§ tr3nh. MHc d¥% ch¥%ng
PID, b, LiQu khti®nc Icoogii cI 'mb. c-LitQuw khi V
tham: -s'thwW L€ ¢ x8c L nhsartr v&l oo yhWJnm dh oa
ch°nih th'ci gianicvaicth%ng.h"  ng Li n La
th "  ng phi tuy/n v,i rblt nhiQu thtng s’
vd3 vdy, b, -BIQulkhmwWh aqil[i ph8&8p cfn th
s ¢, agctconégHnh4lmh nEg cblu t rscPlibcho Li Qu
h™ th ng L.B, nlLia&®QukRgthiwni PKP, &d ba Kht?
Kp n3m tr onmg KemhJo [ nKd [ KPm t rad, iKdna.KTh @3 n g
c8§c c!in gll4/Jm6sal..
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: ACE
—>(¥) > Bi LizZu khilas Vvingi [—
Apﬁef,j + d Y A /Y
M & Masce A;
Tinhtoan| | Tinhtoan Tinh toan
Kp Kd Ki
A A A
t .
K Kd a
Bi my
A A
Hinh4.1:Cblu tr %c c¢_ a -®PID Li Qu khi Wn
Kp :(Kp 'Kpmin)/(Kpmax Kpmin) (4.1)
Ka =(Kg Kgmin)/ (Kgmax K dmin) (4.2)
T =aTy (4. 3)
Ki=K,laT, K J2/(&Ky) (4.4)
K pmin = 0,32, , Komax =0,6K, (4).5
Kdmin:O’08<u-Il-J7 Kdmax :O’]'KUTU ( 4. 6)
TronK, ATl fn 1€t |~ h" s v~ th i g
b LiQu khiwWn P. B, LiQu khiWn mkK ,c- he
Kd'v" C8c thapr's,'Kd'u'qurhe"c Xx8c L nh b

N JJ u ACva"mwmcmiquun;QSVaa:@v,i

Tronkhi,QA,SIM c8c tdp

1 o
I

n

t hu, c

c8§c
©m

V.

a,

ma2= 4l&hng

t dpL @ c ct W AICIE v " n hpe
b iAJLrE WF u qv "AdC Et 4 peNBo

NBE€h®m b®,

PM:

L n
d &p
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1%

NB NM NS Z0 PS PM PB

05

ACEor ADACE
| | | | | | | | .

-1 -08 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8 1

Hinh4.2H"  m | i °n thu, ¢ ¢, a ACE v~

Tdp m°Kp',cK_d'Ei*e°c thW hi w:itrong h3nh 4.

1 <am
m(x) = -Zlnx, x( m & (4.7)
1 s4m
m(X) = -Zln(l X), (m 1l=¢e’ (4. 8)
v
A S B
-
0.2 0.4 0.6 0.8 1
x=Kp' or Kd'
Hinh4.3H" m | i °n Ktp'h/éude c. a

Bi Jhfrlc,_, a b, m c¢- h”  m4dTir°onn g hlu-, cc &d
Lfu ractadpUmi€ ¢ SEL" mth, ngM&a Inh, v. a, M:
C8§c | vsdu #&hi lc@® " onht rl¥ mhlLnh& ng AL.R2g v° b
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S MS M B
2 3 4 5 >
Hinh4.4H"  m | i °n thu, ¢ c_ a
Blngl:l4udt m?d cho Kp
a&ACE
NB |[NM |[NS [ZzO |PS |[PM |PB
NB |B B B B B B B
NM S B B B B B S
NS [S S B B B S S
ACE [zO [S S S B S B B
PS _[S S S S B S S
PM__[S B B B B B S
PB B B B B B B B
Bl ng2:l4udt me® cho K
a&ACE
NB |NM [NS [zO |PS |PM |PB
NB |S S S S S S S
NM |B B S S S B B
NS |B B B S B B B
ACE |[ZzO |B B B B B B B
PS |B B B S B B B
PM |B B B B S B B
PB |S S S S S S S
BIng3:lMudt m cho U
a&ACE
NB |[NM |NS [zO |[PS |PM |PB
NB |S S S S S S S
NM |MS |[MS |sS S S MS |MS
NS |M MS |MS |S MS |MS |M
ACE ZO |B M MS |[MS |[MS |M B
PS |M MS |MS |S MS |MS |M
PM |MS |[MS |S S S MS | MS
PB |S S S S S S S
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4.1.2.M6 ph, ng va K} qul’

B, LiQu khiwdnt&€ cnht hif/nt skJ] hi Wt h™ ng
nh€e tre°mn _ h3mhc2.vib8h LQ trong h th ng t
GDB,GRGC c¢c8c thtng stréongtgludgttbhamay €8no h
h p nhi_u €CBEt kh8ognbauh  th ng L&eWc s’
ch ng minh t2nh hi " u qul c¢c,a b, LiQu k
khi Wn L« L€ ¢ so sBéachhe GAPEc¢ PSOEPQu |
GWOPI, IGWOPI, FPID, Fuzzy Pin h osm cmhnd 2 mih hi u qul c.
Lea.Br aQu khi Wn FPI DKue067 Kn=- 04006 Kug - 0991, | -
Kp=- 0,3266 Kix=- 0,2946 Ka=- 1 [7]]

C8§c dUng nhi_u t[li: L€ ¢ tr3nh b "y nh

Qo

0.03

0.02 |

e
)
=

__________________

AP(puMW)
]

e
)
=

=== Step load disturbance

Pulse load disturbance

- = -Random load disturbance

- - = Sinusoidal load disturbance

e
Iy
©

e
o
>

10 20 30 40 50 60 70 80
Time(s)

Hinh4.5:C&8c¢c dUlng nhi_,  u tT[i
T Nhi, u t[i DR, =k, noodm) c

C8c thlng s «c¢,a b, L'i Qu khiWn v~ <c8c

<

b [ g
BlngkT™h?ng s c,a c8c b, LiQu khiWwn
Ph<€hn
Li Rb igV\ Kp1 Ki1 Kp2 Kiz
GA PI 0,3994 - 0,2807 - 0,5351 - 0,2512
PSO PI 0,1859 - 0,2500 - 0,2500 - 0,2499
GWO PI 0,1031 -0,1250 - 0,125 -0,1112
PSO GWO PI 0,4335 - 0,2861 - 0,5000 - 0,2790
IGWO Pl 0,4184 - 0,2940 - 0,5429 -0,2777
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]
|
|
———— Fuzzy PID
= === Fuzzy Pl
FPID
GAPI

PSOPI
---- GWOPI

PSO GWO PI
IGWO PI

|
I
I
I
-
|
I
I

=) - o

(zH)z4 v

50 60 70 80

40
Time(s)

(b)

FPID

|

|

1

|

T
=——=Fuzzy PID
=== =Fuzzy Pl

GAPI

PSO PI
GWO PI

PSO GWO PI
IGWO PI

70 80

60

Time(s)

(zH)L4V

(@)

nsgp

sai

1(a),

vV ¥2n ¢

-

S

ng

Hinh 4.6

Vuang 2

I \Ving 1

o

GWOPI PSOGWOPI IGWOPI

FPID GAPI PSOPI
Phwong phap didu khién

FuzzyP|

FuzzyPID

(@)

I:H |
FPID

FuzzyPID FuzzyPl

GWOPI PSOGWOPI IGWOPI

PSOPI

GAPI

1.6

0.6

0.4

0.2

Phwong phap diéu khién

(b)

STE

Wn | ATE,

chuXn Li Qu khi

°u

T

Hinh 4.7
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ChuXn | ATE L€ thtén&sabbing clng
tsi~m

o (| B R | R (4.9)

T Nhi_ u tT[i DR, =hB), m0:08pw) g chu k3: 40 gi

ITAE =

xung: 10%
Bfngs:™4htng s ¢, a c&8iwchib u LtifQu IKhihWnm
Ph€hng K K K K
I i Q u K pl i1 p2 i2
GA PI 0,0555 - 0,075 - 0,5842 0,1105
PSO PI 0,1000 0,0992 - 0,0874 0,0251
GWO PI 0,1229 - 0,0248 - 0,0786 0,0394
PSO GWO PI 0,1047 - 0,0287 -0,1176 0,0407
IGWO PI 0,0426 -0,0751 - 0,5838 0,1089
T A - . jho
E 0 : E - ——Fuzzy PID
“ 110 z“o 3:0 410 5}0 5:0 710 80 710 80
Time(s) Time(s)
(a) (b)

Hinh4.8:n8p _ ng fsnaitdng 1 (afnvemg 2B3(b) khi
t [ |l h”"m xung
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80 T T T T T T
] I \ong 1
Vang 2
70 |
60
50 |
=
g0l
30}
20
1 H H
o ) ) ! ! )
FuzzyPID FuzzyPl FPID GAPI PSOPI  GWOPI PSOGWOPI IGWOPI
Phwong phap diéu khién
150 |
I \ing 1
] [—_Jvang2

100 -

ISTE

50 |-

Lol |

FuzzyPID FuzzyPI FPID GAPI PSOPI GWOPI PSOGWOPI IGWOPI

Phuwong phap diéu khién

Hinh4.9:Ti °u chuXn (I?)i Qu khi Wn | ATRu KkK8TH®n
T Nhi, u t[i |IDP, =ME,Xe03(puyi °trh” i gi an | bly
BfngeT4htng s° c, a c8c b, hdmhn@xXuk mihWnh nk
Phehng Kp1 Ki1 Kp2 Kiz
Li Qu K
GA PI - 0,9571 - 0,5614 - 1,3447 - 0,5469
PSO PI - 0,0458 -0,2053 - 0,5000 -0,2452
GWO PI - 0,0308 -0,1186 -0,1250 -0,1250
PSO GWO PI 0,1554 - 0,4790 - 0,5000 - 0,4551
IGWO PI -1,6059 -1,6951 - 3,3507 -1,7179
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Hinh4.10:n & p

(@)

(b)

nd fsnakng 1 (@ nv Bnagi

h

m ngXu

nhi °n

25’ b )

10 T T T T T T T
ol
sl i
r - .
6 I —
w
= °f ]
4k i
s i
>k i
kB i
° A
FuzzyPID FuzzyPl FPID GAPI PSOPI GWOPI PSOGWOPI IGWOPI
Phwong phap diéu khién
3 T T T T T T T
25| =
Sk — — i
s — —
» 1.5} =
ik i
os | =
° A ) A ) A )
FuzzyPID FuzzyPl FPID GAPI PSOPI GWOPI PSOGWOPI IGWOPI
Phwong phap diéu khién
o

Hinh4.11: T

u

chuXn

Li Qu

kK hi Wn

I ATE,

|

} FuzzyPD | S osMALS-o 000N

| === =Fuzzy Pl
77777‘r7777 FPID = Fuzzy PID

| GAPI | | | ===~=Fuzzy Pl

! PSO PI I I FPID
i GWO PI [ GAPI

! PSO GWO PI X i PSO PI

I IGWO PI I I |----GwoPI
e | |

S I PSO GWO PI

| | | T i E IGWO PI

| I | I | I |

Il L Il Il Il Il il

40 50 60 70 80 40 50 60 70 80
Time(s) Time(s)

K hi

STE
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n

I

4

T Nhi . u t [iDP} =mh O:63sin0j0628
BlngZzMh*ng s ¢, a c8c b, hdmsiQu khi Wn
Ph€hn
Li Qu gk Kp1 Ki1 Kp2 Kiz
GA PI -2,2775 -15721 - 3,5769 -1,7247
PSO PI - 0,1525 - 0,5872 - 0,9989 - 0,6032
GWO PI - 0,2079 - 0,1999 - 0,3825 - 0,4966
PSO GWO PI - 0,1643 -0,4741 - 0,5000 - 0,5000
IGWO PI - 2,1644 - 2,2785 - 3,9974 -2,4748
(0 | . | . 2210° . . ‘ ‘
o
I L emon R A -/ ON8
SN LT < / Wsslis
< \ﬂ% o7 Vo
[} ........
R
'30 110 ;0 710 80 ) 0 10 20 30 40 50 60 70 80
Time(s) Time(s)
(@) (b)
Hinh4.12n 8§ p nd fsnang  1l(@afnvisnagi 2s(b) khi
hamsin
BIngd:@&@8&c thing s~ h th ng thay
Tgl 0,1 £ 01*50% M2 10 £ Q1*50%
Tg2 0,2 £ 01*50% D2 1+ 1*50%
M1 10 £ Q1*50% GRC 5%
D1 1+ 1*50% GDB 5%
C8c thi'ng s LiQu khiwn t_ blfng 4.
ph<€hngn hp@ 88O, GWO, PSO GWO, IGWOh 3¥mM m ra th!ng

b Li Qu

khi Wn PI .
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khtogt rt e

q&dr hanbhe.

crghc€ twhd yn gc &c

thy,

"kh®naqhc

o

y
n

o

|
b

hi
g

trong
t hay
Li Qu

khhm ct
V.,

n

n

Trong
h" ng
nhi
L/n s,
4. 8.
trs3nh
ngxu
ra cl
c8c b,

a
C

t
ngxu
d Xn
gi.

bl ng
L e’

K

L ea
A

——FuzzyPID
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Time(s)
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Time(s)
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Hinh4.13 n 8§ p



79

T2nh tr, |7 LiQu kh'ng mondgo muJjun ttrruc
d. |li hfighp pth i gianpase b mLgiQum ki "W
“n L nh tfn s° rblt |, n. Thdm charong, n d
gi.i hUn c¢c,a b i to8&n n"y ludnB&8ntkxémg:
s c¢c,a c8c phe€ehng ph§8p Lj, &ul&hc Wnrstnhi
blng 4.9. n&8p . ng sai | ¢ch tfn s° ¢, a

Bfng:Thlng s c¢c,a c8c b, LiQu khiWwn kbh

Pthithu” % Kp1 Kia Kp2 Kiz
GAPI 0,0255 01272 | -03051 | -00269
PSO PI 20,2165 02903 | -05356 | -0.2604
GWO PI 20,0903 02463 | -04101 | -01571

PSOGWOPI | 0,0926 202368 | -02923 | -0.1598

IGWO P 0,0954 02368 | -02919 | -0.1587

T ! ! ' =——Fuzzy PID
- | | | uzzy
b I I I = = =Fuzzy Pl
Y| N | AR S Jomefem e |——FPID
I I I I | =—GAPI
oL —son
-1tk GWO PI
! ! | ! PSO GWO PI
I I I ! —IGWOPI
s T SRR R S
[ [ [ I
[ [ [ I
[ [ [ I
| L | |

0 10 20 30 40 50 60 70 80
Time(s)

Q ©)
Hinh4.14 n8&8p _ ng sai s tfn s v%ng 1(a),
t“n t49 th i gian tr
Trong h th ng Li " n, nktng 1€ ng Li’
ngunibhng | € ng nhdp khXu. Ne&ehg t®€cnbp. Lt
n hke gia L3nh, nh” m8y s[n xublt, ntng

tréenl€ ng d©y t[i Li ' n. Khi nktng | € ng Li
















































