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Tém tit

Bai bdo ndy nghién ciru bai todn diéu khién thich nghi phi mé hinh cho mét I6p hé phi tuyén
SISO roi rac cé tré dau vao bién thién theo thoi gian. Trén co s¢ phwong phdp tuyén tinh héa
dong dang nén (Compact Form Dynamic Linearization — CEDL), bai bdo thiét lgp mét mé hinh
dit liéu méi c6 xét dén tré dau vao, trong dé méi quan hé giita sai phdn dau ra va sai phan tin
hiéu diéu khién duwoc biéu dién thong qua mot dai lwong goi la gia dao ham riéng phu thuoc ré
(Delay-Pseudo Partial Derivative — Delay-PPD). Bai bdo ching minh sw ton tai ciia Delay-
PPD va tir d6 tong hop dwoc lugt diéu khién thich nghi phi mé hinh CFDL-MFAC c6 xét dén
tré dau vao. Diéu kién dii @é dam bdo tinh bi chan cua tin hiéu vong kin va tinh hoi tu cua sai
$6 bam ciing dwoc phan tich. Cdc két qua mé phong trén mot doi twong phi tuyén cé tré dau
vao bién thién cho thd'y bé diéu khién dé xudt cdi thién ré rét chat lwong bam so voi cdc truong
hop b6 qua tré hodc gia thiét tré cé dinh sai. Piéu ndy cho thdy hiéu qud ciia viéc dwea triee tiép
théng tin tré vao mé hinh CEDL va cau tric diéu khién MFAC.

Tir khoa: Piéu khién thich nghi phi mé hinh; CFDL; gia dao ham riéng; tré thay doi; DDC.
Abstract

This paper studies the problem of non-model adaptive control for a class of discrete SISO
nonlinear systems with time-varying input delays. Based on the Compact Form Dynamic
Linearization (CFDL) method, the paper establishes a new data model that considers input
delays, in which the relationship between the output difference and the control signal difference
is expressed through a quantity called the delay-dependent partial derivative (Delay-Pseudo
Partial Derivative — Delay-PPD). The paper proves the existence of Delay-PPD and from it
synthesizes a non-model adaptive control law, CFDL-MFAC, that considers input delays.
Sufficient conditions to ensure the boundedness of the closed-loop signal and the convergence
of the tracking error are also analyzed. Simulation results on a nonlinear system with variable
input delays show that the proposed controller significantly improves tracking quality
compared to cases that ignore delays or assume fixed delays. This demonstrates the
effectiveness of directly incorporating delay information into the CFDL model and the MFAC
control structure.

Keywords: Model-free adaptive control; CFDL; pseudo-partial derivative; variable delay;
DDC.
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1. PAT VAN PE

Trong nhiéu hé théng diéu khién thuc t& nhu robot, hé servo co dién, hé diéu khién qua
mang va cac hé co dién tir phirc tap, viéc xay dung mo hinh dong lyc hoc chinh xac cta dédi
tuong thuong gap nhidu kho khian do anh hudng cua phi tuyén manh, bat dinh tham s6 va nhidu.
Vi véy, cac phuong phap diéu khién dua trén dit liéu (Data-Driven Control — DDC) hodc diéu
khién phi mé hinh (Model-Free Control — MFC) di thu hat sy quan tdm dang ké trong nhitng
nim gan day. Mot trong nhirng hudng tiép can tiéu biéu 1a MFC do Fliess va Join dé xuét, trong
d6 bd diéu khién dugc thiét ké truc tiép tir dir liéu vao—ra ciia hé théng ma khong can mé hinh

toan hoc chi tiét cua d6i twong [1].

Trén co so d6, phuong phap diéu khién thich nghi phi mé hinh (Model-Free Adaptive
Control — MFAC) da dugc phat trién nhu mot khung 1y thuyét diéu khién thich nghi cho cac hé
phi tuyén roi rac. Y tuong cot 18i cia MFAC 14 k¥ thuat tuyén tinh hoa dong, trong d6 dong luc
hoc phi tuyén cta hé duoc biéu dién dudi dang quan h¢ tuyén tinh cuc bg gitra sai phan dau ra
va sai phan tin hiéu diéu khién thong qua dai luong gia dao ham riéng (Pseudo Partial Derivative
— PPD) [5]. Nhiéu nghién ctru tiép theo d phat trién cac dang tuyén tinh hoa dong khac nhau
nhu dang nén (Compact-Form Dynamic Linearization — CFDL), cho phép thiét ké b diéu khién
thich nghi phi m6 hinh véi cdu tric don gian va hidu qua cho cac hé phi tuyén roi rac [8]. Nhiing
nim gan day, MFAC tiép tuc duoc mé rong va tng dung trong nhiéu bai toan diéu khién thuc
té nhu hé diéu khién qua mang c6 mét dit liéu, hé tw hanh va cac hé phi tuyén phuc tap [6], [10].
Mot s6 nghién ctru ciing dé xut cac cai tién trong qué trinh cap nhat PPD nham nang cao tdc
d6 hoi tu va kha nang thich nghi cta thuét toan, chang han nhu MFAC véi hé s6 quén bién thién
hoic cac dang tuyén tinh hoa dong cai tién [9]. Ngoai ra, cic cong trinh tong quan gan day cho
thiy MFAC dang tré thinh mot huéng nghién ciru quan trong trong diéu khién dya trén dir lidu

cho céc hé phi tuyén hién dai [4].

Tré dau vao 1a hién twong phd bién trong nhiéu hé théng diéu khién thuc té do qua trinh
truyén thong, xtr 1y tin hi¢u hodc dong hoc co cau chép hanh. Trong nhiéu truong hop, tré dau
vao co thé bién thién theo thoi gian, lam cho viéc phan tich va thiét ké bo diéu khién tré nén
phtre tap hon. Céc hé c6 tré dau vao da dugc nghién ctru rong rai trong 1y thuyét diéu khién va
nhiéu két qua quan trong di duoc phat trién trong phén tich 6n dinh ciing nhu thiét ké diéu
khién cho cac hé dang nay [2], [3]. Tuy nhién, phan 16n cac nghién ctru hién nay vé MFAC cha
yéu xét cac hé khong co tré du vao hoic tré c¢b dinh don gian. Khi tré dau vao ton tai hodc bién

thién theo thoi gian, quan hé giita sai phan dau ra va sai phan tin hiéu diéu khién khong con
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tuan theo dang CFDL truyén théng. Néu anh huéng cia tré bj bo qua hodc gia thiét tré khong
chinh xéac, chit luong diéu khién c6 thé bi suy giam dang ké.

Xuit phat tir vin dé trén, bai bao nay nghién ciru mé rong phwong phap CEDL-MFAC
cho 16p hé phi tuyén SISO 101 rac ¢6 tré ddu vao bién thién theo thoi gian. Trén co sé ki thuat
tuyén tinh hoa dong dang nén, bai bado xay dung mdt moé hinh dir li€u c6 xét dén tré dau vao va
tir d6 tong hop luat diéu khién thich nghi phi mé hinh twong tmg. Cac déng gop chinh cua bai

béo dugc tom tit nhu sau:

Thir nhat, bai bdo md rong mo hinh tuyén tinh héa dong dang nén CFDL truyén théng
sang truong hop hé phi tuyén SISO roi rac ¢6 tré du vao bién thién theo thoi gian, tir d6 thiét
1ap mo hinh dir liéu méi dudi dang Delay-CFDL. So véi cac nghién citu MFAC thong thuong
vbn chu yéu xét tin hiéu diéu khién tac dong tirc thoi hodc tré c6 dinh, md hinh niy phan anh

truc ti€p anh hudng cua tre dau vao 1€n quan hé gitra sai phan dau ra va sai phan diéu khién.

Thr hai, bai bdo dua ra khai niém gia dao ham riéng phu thudc tré (Delay-PPD) va chiing
minh sy ton tai cla dai lugng nay. Day la diém mo rong 1y thuyét quan trong so véi CFDL-
MFAC c¢6 dién, vi trong trudng hop 6 tré dau vao bién thién, dai luong PPD truyén thong

khong con mo ta dung quan hé dir li¢u gitra dau vao va dau ra cua hé.

Thir ba, trén co s6 md hinh Delay-CFDL, bai bao tong hop luat diéu khién Delay-CFDL-
MFAC va phan tich diéu kién dé hé kin duy tri tinh bi chdn cling nhu kha nang hoéi tu sai )
bam. Két qua md phong cho thay khi tré dau vao thay doi theo thoi gian, viée dua truc tiép
thong tin tré vao mo hinh CEDL va céu trac diéu khién gitp cai thién chat lugng bam so vai
cac truong hop bo qua tré hodc gia thiét tré cb dinh.

2. MO HiINH DELAY-CFDL VA PINH LY TON TAI DELAY-PPD
2.1. L6p doi twong nghién ciru va gia thiét

Xét hé phi tuyén SISO rdi rac c6 tré dau vao:

yk+1) = fr Uk-aw)) (D

Trong do:
Vi = (), y(k = 1),..,y(k —ny + 1)] 2)
Ug—aky = [u(k —d(k)),u(k —d(k) — 1), ...,u(k —d(k) —n, + 1)] 3)

Tré dau vao chua biét, c6 thé bién thién theo thoi gian, d,,4, 13 tré 16n nhat:
d(k) € D: = {0,1,2, ..., dypo} )
Ky hiéu sai phan:
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dy(k+1) =y(k+ 1) —y(k) 5)
] Au(k) = u(k) —u(k — 1)
Gia thiét:
(A1) - (Pic tinh tron theo bién diéu khién tac dong): V&i moi k, f kha vi theo ddi sd
u(k — d(k)) va dao ham riéng theo dbi sé d6 lién tuc trén mién lam viéc.

(A2) - (Piéu kién Lipschitz tong quat theo sai phan diéu khién tr&): Ton tai L > 0 sao cho

|4y (k + 1| < L|du(k — d(k))|, vk (6)
(A3) - (Tré bi chin va bién thién cham):

d(k)eD, |dk+1)—-d(k)| <1 (7)
2.2. Pinh Iy vé s ton tai Delay-PPD

Phat biéu:

Néu hé (1) thoa man gia thiét A1, A2 thi ton tai mot dai lugng ¢ (k) (duoc goi 1a Delay-
PPD) sao cho:

Ay(k +1) = p(k)Au(k — d(k)) ®)
Va (k) bi chan:

o) <L, Vk (9)
Ching minh:

a) Chitng minh ton tai ¢ (k)

Viét sai phan dau ra dudi dang chénh 1éch hai gia trj ctia f. Tir (1) ta c6:

yk+1) = fr Uk-aw)) (10)
Tuong tu:
y(k) = fVr-1 Uk-1-a@-1)) (11)
Suy ra:
Ay(k + 1) = f(Vi Uk—am)) — f k-1 Uk—1-a(k-1)) (12)

Tach phan bién thién do riéng bién u(k — d(k)). Xay dung mot véc-to diéu khién lai
Ue—aio bang cach thay phan tir du tién cua U—q@ky tr u(k — d(k)) thanh u(k — d(k) — 1),
con cac phan tir khac gitt nguyén ta duoc:

U—aqey: = [ulk —d(k) — 1), u(k —d(k) — 1), ..., u(k — d(k) —n, + 1)] (13)

O day chi can dam bao ;4 (k) Va Ug—a(ky khac nhau ding mot bién 1a u(k — d(k)). Khi

do6 ta cong-trir f (Y, Uk—-a(k)) trong (12) nhan dugce:
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Ay(k+1) = A(k) +r(k) (14)

Trong do:
AK): = f (Vi Uk—a) — fF o Ui—ack)) (15)
r(k):= f Wi Uk-am) = f OVk—1 Uk-1-a(k-1)) (16)

A(k) 1a phan chénh 1éch do thay dbi riéng u(k — d(k)); con (k) gom moi thay doi con

lai (thay d6i y, cac thanh phan diéu khién khéac va ca viée tré c6 thé doi).
Ap dung dinh 1y gié tri trung binh cho A(k). Theo giai thiét A1, ta c6 ham g(a):

g(@) = f i Ug—ape + A(Uk—ak) — Uk—-a))), @ € [0,1] (17)
kha vi theo . Vi uy_gk) — tig—ak) chi co ding mot phan tir khac 0 tai vi tri u(k — d(k)),
nén theo dinh 1y gia tri trung binh ton tai @, € (0,1) sao cho:
A(k) = g(1) —g(0) = g'(ar) (18)
Ma g'(a) chinh 1a dao ham riéng theo u(k — d(k)) nhan véi Au(k — d(k)).

Do d6 ton tai mot diém trung gian §, tréndoan [u(k — d(k) — 1), u(k — d(k))] sao cho:

_of ) (19)
Ak) = Sl d00) |€k Au(k — d(k))
Dit
of (20)
k)y=———<

o= - aw) |,
Khi do6:

AQR) = o) duk — (k) @

Hap thu 7 (k) vao hé s6 nhan Au(k — d(k)), tir (14) va (21):

Ay(k + 1) = ¢po(k)Au(k — d(k)) + r(k) (22)
Ta xét hai truong hop:

* Néu Au(k — d(k)) # 0:

Dinh nghia:
k 23
B0 = o) + o )
Thé (23) vao (22) suy ra ngay:
Ay(k + 1) = ¢p(k)Au(k — d(k)) (24)

* Néu Au(k — d(k)) = 0:

https://doi.org/10.65153/yrwzcvS0
Journal of Science and Technology of East Asia University of Technology



Tap chi Khoa hoc va Cong nghé Trudong Pai hoc Cong nghé Pong A

Tir gia thiét A2, ta co |Ay(k +1)| <0 = Ay(k + 1) = 0. Khi d6 chon ¢(k) = 0 thi
(24) van ding. Vay (8) dung v6i moi k.

b) Chitng minh ¢ (k) bi chén

Néu Au(k — d(k)) # 0, tir (8) va gia thiét A2:

_ Ay(k + 1) |Au(k — d(k))| _ (25)
U= Stk —ato) = “Tautk —dgonl ~ -
Néu Au(k — d(k)) = 0, ta chon ¢(k) = 0 nén ciing thoa |¢p (k)| < L.

Suy ra (9) dung.

Pinh 1y 1 dugc chimg minh.

Nhin xét. Pinh Iy 1 cho phép mé ta hé (1) bang mé hinh dit liéu Delay-CFDL dang (8)
tai mdi thoi diém 1y mau ma khong can mo hinh dong luc hoc twong minh. Day 14 nén tang dé
udc lugng Delay-PPD va tong hop diéu khién bu tré.

3. UOGC LUQNG TRE PAU VAO
Vi d (k) chua biét, ta xét tap ung vién [ € D. Vi mdi [, gia sir tam thoi tré bang [, mo

hinh Delay-CFDL du bao:

Ay(i+1) = ¢,(D)Au(i — 1) (26)
Dung luét cap nhat chuan hoa (tuong thich MFAC):
ndu(i —1) (27)

¢ O =¢ -1+ A= D) Qy(i + 1) — ¢, (i — DAu(i — 1))
v6in € (0,1], u > 0. 1 12 hé s6 cap nhat ciia PPD, u 14 tham s diéu chinh trong luat cap nhat.

Trén ctra s6 W mau gan nhat (W 1a kich thudc ctra s6 dir li€u), dinh nghia chi s6 106i:

K
o= Y (@yG+1) = puDauG = 1) (28)
Jltly = €+ Au?(i— 1) €
i=k—-W+1
Chon:

araw(k) =arg arg J,(k) (29)

Dung loc da s6 trén Ny, budce (Ny, 1a do dai cira s6 1am tron):
Ci(k) = mOde{&raw(k)’ &raw(k -1),.., draw(k — Ny + 1)} (30)

Chi cap nhat néu J;(k) < Jp, nguoc lai gitt d(k) = d(k — 1).
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4. LUAT PIEU KHIEN CFDL-MFAC BU TRE: DELAY-CFDL-MFAC
Muc tiéu bam y, (k), sai s6 (9):

e(k) = ya(k) —y(k) (1)
Do diéu khién tai k tac dong 1én dau ra sau a(k) budc, xét ham muc tiéu (32), A 1a tham
s6 diéu khién.
Ju(k) = e?(k +d(k) + 1) + 24u?(k),A > 0 (32)
Tur Delay-CFDL, véi tré d (k):

Ay(k +d(k) + 1) = $aqe (k) Au(k) (33)
Suy ra xap xi (34):
y(k +d(k) + 1) = y(k + d(k)) + pagndu(k) (34)
Dat:
e(k): = yq(k +d(k) + 1) — y(k + d (k) (35)

Thay (34) vao (32), 1y dao ham theo Au(k) va giai diéu kién tbi wu, thu duoc (36), p 1a

mot tham s di€u khién.

bace (k (36)
s = p 21908 449 € 1
q At P (k) ‘
Ta tong hop dugc luat diéu khién dang truy hoi (37):
Page (k) (37)

u(k)=uk -1 +p a(k +d(k) + 1) — y(k + d(k)))

A+ @a(k)z(k)
5. PHAN TiCH TOAN HQC ON PINH HE KIiN
Tir (27) va gia thiét A2, ¢ (k) bi chan boi L. Vi viéc chon p > 0 va co ché dat lai nhu
[7] (néu |Au(i — )| < &, hodc |}, ()| < &4 thi P, (i) = ).
Suy ra ton tai Mg > 0 sao cho:
|},(k)| < My, vl €D, vk (38)
Gia sir tai thoi diém k: d(k) = d(k) va ¢ 1o () = ¢k +d(K) (xap xi Iy tuong). Khi

d6 tir (34)~(37) suy ra (39):

e(k+dk)+1) = (1—plf¢2>g(k) )

voip = ¢p(k +d(k)).DoA > 0,p € (0,1] nén:
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2

A+ ¢p?
Suy ra sai s0 tuwong lai giam theo hé so co.

<1 (40)

O<|1—p

Khi d(k) dugc chon boi (28) — (30), v6i giai thiét A3 va diéu kién kich thich du trén ctra
s0, tirc Au(+) khong dong nhét 0 trong W mau, d (k) s& diing sau mot khoang qua d6 quanh cac
thoi diém tré d6i. Khi do, trong cac khoang thoi gian ma gia trj tré duoc lya chon ding, sai sb
bam thoa tinh chét co theo (39)—(40); con trong cac khoang qua do khi tré thay ddi hodc b lra
chon sai tam thoi, sai s6 van bi chin bdi cac chin hitu han cua tin hiéu vong kin. Vi vay, sai sd

bam cua hé kin 1a bi chdn va hoi tu vé mot 1an can nho cua goc.

Nhu vay, so véi CFDL-MFAC truyén théng, két qua on dinh thu dugc trong bai bao cho
thdy cdu tric diéu khién dé xuat van duy tri dugc tinh chit 6n dinh dau vao—dau ra trong diéu
kién c6 tré dau vao bién thién, voi cai gia phai tra 1a sai s6 bam chi hoi tu vé mot 1an can nho
thay vi triét tiéu hoan toan trong moi thoi diém.

6. MO PHONG SO VA BiNH LUAN
6.1. Kich ban mo phéng

Pé danh gia hiéu qua ctia phuong phap dé xuat, bai bao thuc hién mé phong trén mot doi
tugng phi tuyén roi rac c6 tré dau vao bién thién theo thoi gian. Tré dau vao duoc gia thiét thay
d6i theo timg doan thoi gian nhdm mo phong cac tinh hudng tré bién thién trong thuc té. Cac
chi tiéu danh gia gdm sai s6 RMS, chi tiéu tich phan IAE, ning lugng diéu khién E,, va d6 qua
chinh. Ba bo diéu khién duoc so sanh g@)m: Cl: CFDL-MFAC b6 qua tré dau vao (d = 0); C2:
CFDL-MFAC véi gia thiét tré c¢b dinh (d = 1); C3: B diéu khién dé xuit, trong d6 thong tin
tré bién thién dugc dua tryc tiép vao céu trac diéu khién Delay-CFDL-MFAC.

6.2. Tham s6 mé phéng
Chon h¢ mo phong (41):

0.8u(k — d(k)) (41)
1+ u2(k — d(k))

y(k +1) =0.6y(k) + 0.2sin(y(k)) +
Tré bién thién c6 dang (42):
d(k)={1: 1<k<250 3: 250<k<5002: 500 <k <800 (42)
Tin hiéu mong mudn va tham sb mo6 phong c6 dang (43), (44), (45):
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dk)={0 : 1<k<80 1 : 80 (43)
<k<22006 : 220 <k <3801.2
: 380 < k
< 560 0.9 + 0.15 sin sin (0.04(k — 560)) : k = 560
W =40, N, =5 n1=075 u=1073¢=10"3 (44)
A1=05, p=0.8, ¢;(0)=0.5, u(k) =0 (k <0) (45)

Ngoai ra, dé tranh tin hiéu diéu khién ting qué 16n trong mo phong sd, tin hiéu diéu khién

dugc gidi han boi: |Au(k)| < Aupmay [U(K)] < Unmax-

Ngudng J;, ciia ham danh gid dugc chon theo thuc nghiém. Trong cadc md phong cua bai
bao, gid tri J;;, = 0.05, dugc st dung khi 4p dung dang chuin hoa trong (28). Trong bai béo
nay, mo phdng chinh dugc thuc hién cho ba truong hop: Bo qua tré dau vao, su dung tré ¢b
dinh va bu ding tré bién thién theo thoi gian. Céac tham s6 lién quan dén co ché chon tré truc
tuyén nhu d,,q,, W, Ny, €, Ju, chi dugc st dung trong cac thir nghiém phu, khong phai 1a mot

phan ctia mo phong chinh.
6.3. Két quaz mo phéng

Bing 1. So sanh hiéu ning tong thé.

Kich ban RMS IAE E, D¢ qua chinh
C1: B qua tré 0.5690 401.95 0.5623 0.8981
C2: Tré ¢ dinh 0.1499 82.83 1.2258 0.4529
C3: Thuét toan bu tré dé xuat 0.1427 60.09 1.2646 0.4529

Theo Bang 1, ¢6 thé thdy rang bo diéu khién bo qua tré (C1) cho chét luong diéu khién
kém nhat. Khi tré dau vao duoc xét dén dudi dang cb dinh (C2), sai s6 bam giam dang ké. Tuy

nhién, bd diéu khién dé xuit (C3) cho két qua tot nhit vé ca chi tiéu RMS va IAE.

Bing 2. Két qua theo timg doan tré

Doan tré Lwong tré RMS C1 RMS C2 RMS C3
1 1 0.4814 0.1517 0.1517
2 3 0.6819 0.2063 0.1905
3 2 0.5316 0.0731 0.0701

Theo Bang 2, trong doan dau khi tré thuc bang 1, bd diéu khién C2 va C3 cho két qua gan

tuong duong do gid trj tré gia thiét trung vai tré thyc cua hé. Tuy nhién, khi tré ddu vao thay
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ddi sang cac gia tri khéc, sai s6 bam cua C2 tang 1én dang ké, trong khi bo diéu khién dé xuét

van duy tri chat lugng bam tét hon.

1 5 ri
/0
L - | TR
S | e .
Q |- === C1: Bé qua tré
0.5 C2: Tré ¢6 dinh
| C3: Tré thay doi
0= ! ! ;
0 100 200 300 400 500 600 700 800

Buoc thoi gian:
Hinh 1. So sanh dap ung dau ra cua hé véi ba bo diu khién.

Hinh 1 thé hién dép ung dau ra ctia hé ddi v6i ba chién lugc diéu khién. C6 thé thiy bo
diéu khién C1, trong d6 anh hudng cta tré dau vao bi bo qua, cho sai s6 bam 16n va do quéa
chinh cao. Diéu nay cho thay gia thiét khong c6 tré 1a khong phu hop dbi voi hé co tré dau vao.
Khi tré& ddu vao duoc xét dén dudi dang ¢b dinh (C2), chét lugng diéu khién duoc cai thién dang
ké so v6i C1. Tuy nhién, do tré thyc cia h¢ thay ddi theo thoi gian nén bo diéu khién nay chi
cho két qua tét trong doan dau khi d (k) = 1. Nguoc lai, bo diéu khién dé xuat (C3), trong d6
thong tin tré bién thién dugc dua tryc tiép vao ciu tric diéu khién Delay-CFDL-MFAC, cho
dap ung bam chinh xac hon trén toan bd mién mo phong. Sai s6 bam giam rd rét khi tré dau

vao thay doi sang cac gia tri khac nhau, thé hién uu thé cua phuong phap dé xuit.

Hinh 2 biéu dién tin hiéu diéu khién tuong tng ctia ba bd diéu khién. C6 thé nhan thiy
rang tin hiéu diéu khién cta phuong phap C1 dao dong manh hon do bo diéu khién khong xét
dén tré dau vao cua hé. Trong truong hop C2 va C3, tin hi€u diéu khién 6n dinh hon do céu tric
diéu khién da xét dén anh huong cua tré. Mic du ning luong diéu khién cua phuong phéap dé
Xuét (C3) tang nhe so véi truong hop tré ¢6 dinh (C2), bo diéu khién nay dat dugc chét lugng
bam t6t hon dang ké. Diéu nay cho thiy viéc dua thong tin tré vao mé hinh du bao cua bd diéu
khién gitip cai thién hiéu qua diéu khién ma khong lam ting dang ké bién d¢ tin hiéu diéu khién.

Hinh 3 mé ta su thay déi cta tré dau vao theo thoi gian trong kich ban mé phong. Tré dau
vao duoc gia thiét thay doi theo ba doan véi cac gia tri 1an luotlad = 1,d = 3vad = 2. Kich
ban nay nhim mé phong cac tinh hudng thyc té trong d6 tré dau vao c6 thé thay doi do cac yéu
t6 nhu do tré truyén thong, thoi gian xur Iy hoac dac tinh dong hoc cua co cAu chép hanh. Viéc
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str dung tré bién thién cho phép danh gia kha ning thich nghi ctia bd diéu khién dé xuat khi diéu
kién 1am viéc cta hé thay d6i. Két qua mé phong cho thiy bo diéu khién Delay-CFDL-MFAC

duy tri chat luong bam tét ngay ca khi tré dau vao thay dbi theo thoi gian.

c1
Cc2
C3

Diéu khién:
(8]

0 100 200 300 400 500 600 700 800
Buoc thoi gian:

Hinh 2. So sanh tin hiéu diéu khién ctia ba phuong phép.

w

N
[&)]
I
1

Tré thay doi:
[

—_— Tré thay doi: W |

1 ] ! L 1 ! | |

0 100 200 300 400 500 600 700 800
Buoc thoi gian:

—_
(4]
T

Hinh 3. Tré dau vao bién thién theo thoi gian duoc sir dung trong mé phong.

Nhin xét: Tir cac két qua trén co thé rut ra mot sé nhan xét nhu sau: Khi bo qua anh
huéng cia tré dau vao, chat lugng diéu khién suy giam dang ké. Viéc gia thiét tré ¢d dinh chi
cho két qua tot khi gia tri tré thuc gan vé6i gia tri gia thiét. Bo diéu khién Delay-CFDL-MFAC
cho két qua tot nhét khi tré dau vao bién thién theo thoi gian, thé hién ¢ sai s bam nho hon va
kha ning thich nghi tot hon véi sy thay doi cua tré.

7. KET LUAN

Bai bao da nghién ctru bai toan diéu khién thich nghi phi mé hinh cho 16p hé phi tuyén
SISO rdi rac ¢6 tré dau vao bién thién theo thoi gian. Trén co s& phuong phap tuyén tinh hoa
dong dang nén CFDL, bai b4o da xay dung mdt md hinh dir li¢u mai co xét dén tré& dau vao va
dua ra khai niém Delay-PPD. Sy tdn tai cua dai lugng nay da dugc chirng minh, tir d6 cho phép
tong hop luat diéu khién CFDL-MFAC bu tré cho hé ¢6 tré dau vao bién thién. Két qua mo
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phong cho thiy khi tré dau vao thay doi theo thoi gian, bo diéu khién dé xuat cho chat luong
bam tbt hon 13 rét so voi trudng hop bo qua tré hodc gia thiét tré ¢b dinh sai. Diéu nay khing
dinh tinh can thiét cta viéc dua truc tiép thong tin tré vao mo hinh CFDL va cAu trac diéu khién
MFAC. Trong cic nghién ciru tiép theo, huéng mé rong co thé 1a phat trién cc co ché giam sat
hozc nhan dang tré truc tuyén nham cung cép thong tin tré cho bo diéu khién trong cac hé théng

thuc té.
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