Nghién ciru khoa hoc cong nghé

Ché d trwot trong hé théng diéu khién phi mé hinh thich nghi tham s
Nguyén Vin Puct, Nguyén Quang Hung?, Vit Qudc Huy'"
Vién Tu dong hoa Ky thuét quan sy, Vién Khoa hoc va Cong nghé quan sy, 89B Ly Nam Dé, Cra Bong,
Hoan Kiém, Ha Noi, Viét Nam;
2Truong Dai hoc Cong nghé Pong A, Puong Trinh Vin B, Nam Tir Liém, Ha Noi.
“Email: maihuyvu@gmail.com

Nhdn bai: 08/01/2024; Hoan thién: 13/3/2024,; Chdp nhdn diang: 14/3/2024; Xudt ban: 01/4/2024.
DOI: https://doi.org/10.54939/1859-1043.j.mst. CAPITI.2024.11-18

TOM TAT

Bai bdo tong hop ludt diéu khién thich nghi phi mé hinh MFC-iP1-SMC cho hé phi tuyén SISO
trén co so phat trién ludt diéu khién MFC-iPI hoat dong trong ché dé trueot dé thanh ldp luat diéu
khién méi MEC-iP1-SMC nham gidi quyét nhitng ton tai vé tinh bdt dinh ciia hé théng va thiét lgp
rang bugc toan hoc gitta cdac tham $6 Vi sai léch danh gid nhiéu Ién nhat. Tinh én dinh Lyapunov
cua hé théng duoc dam bdo toan hoc chat ché. Tinh hiéu qua cua ludt diéu khién thich nghi phi
mo hinh moi dwoc moé phong trén Matlab.

Tir kho4: Didu khién thich nghi; Phi m6 hinh; Hé SISO; M6 hinh cuc bo; iPl; MFAC; SMC.
1. PAT VAN PE

Gan day, phuong phéap diéu khién phi moé hinh (Model-Free Control - MFC) di va dang duoc
nhiéu hoc gia quan tdm nghién ctru. Nén tang ctia didu khién phi mé hinh dya trén k¥ thuat diéu
khién huéng dir liéu. Trong [1], thudt toan xap xi tuyén tinh va bo udc lugng truc tuyén cap nhat
tham s6 cho mot mé hinh cuc bd duge nghién ciru dé tong hop bo diéu khién. Trong [2], bo diéu
khién thong minh MFC-iPI dugc thiét ké dya trén k§ thuat MFC va luat diéu khién PID tng dung
cho hé théng SISO.

Y tudng két hop cac ky thuat diéu khién huéng dir liéu va diéu khlen ché do truot (SMC) nham
nang cao hiéu suat va cht luong cho cac hé thong diéu khién phi tuyén, bat dinh va nhiéu 16n. Trong
[3], thuat toan lai MFC iPI -SMC dugc dé xudt va xac thuc bang hé thong servo thuc nghiém. boi
v6i hé thong quadrotor, diéu khién SMC két hop véi diéu khién iPI dugc dé xuét trong [4, 5]. Thuat
toan lai MFC iPD -SMC duoc d& xuat va thir nghiém bang mé phong sb trén ddi twgng quadrotor
[6, 7]. Trong [8], thuat toan diéu khién thich nghi phi mé hinh MFAC (Model-Free Adaptive Control)
lai SMC dugc nghién ctru va thir nghiém biang mé phong sb trén robot khung xuong.

Duya trén cac két qua nghién ctru trén cho thay ky thuat MFC lai SMC di dugc ap dung cho
diéu khién hé thong servo va hé quadrotor dya trén viéc dam bao tinh 6n dinh Lyapunov. Tuy
nhién, cac nghién ctu trén déu chua quan tim dén tinh rang budc cta cac tham sb hé thong va
nhiéu sinh ra do sai 1éch mé hinh x4p xi tuyén tinh. Vi cach tiép can nhu vay, bai bio nghién ciru
su két hop giita diéu khién MFC-iPI thyuc hién trong [2] va k§ thuat SMC trén co s& dam bao toan
hoc bang tiéu chuén 6n dinh Lyapunov. Bai bao dé xuat diém mai thong qua phat biéu mot dinh
1y vé& sy rang budc cta cac tham s trong bo didu khién va nhidu hinh thanh do sai 1éch mé hinh
cuc b, ap dung cho dbi tugng phi tuyén SISO.

2. HIEU CHINH TOAN HQC MO HINH SIEU CUC BQ DUGI DANG
PHUONG TRINH TRANG THAI

Trong [1], MFC st dung mot md hinh si€u cuc bd (1) bang cach xem xét md hinh cuc b tai
mdi thoi diém mau, viée thiét 1ap luat diéu khién dua trén mo hinh cuc bg chira cac tham sO A va
F, thong qua u6c lugng timg doan tir md hinh phi tuyén cua hé thong can didu khién [12], dang
biéu dién boi phuong trinh (1) duge sir dung dé mé hinh hoa dong hoc khong biét trude cua qua
trinh (thay vi sir dung mo hinh dya trén cac dinh luat vat 1y co ban).
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yP =F+Au 1)

Trong d6: y™: Pau ra cua qué trinh, 9 12 bac vi phan cua y.
u: Tin hiéu diéu khién.
F: Nhiéu duoc cap nhat vao qua trinh.
A: Hang so6 dai dién cho tham s6 cuia md hinh siéu cuc bé.
Bai bao xem xét md hinh cuc bo - mot hé dong hoc bac nhat c6 md ta (2).
y=F+Au, (2)
vGoi:y € R™; FER™, u € R™; A € R™"
Trong [2], cac tac gia da téng hop luat MFC-iPI ¢6 dang (3):
w=A"(y - F+v) €)
t
Vi v ¢6 dang: v=Kye+ Kif e (t)dr 4)
Ov) 4
Gia tﬁuyét c'{’ét ra o day la tﬁiét lap ‘ludt diéy khien moi MFC—iPI-SMC hoat dong trong che do
truot nham khac phuc nhitng ton tai vé tinh ~bdt dinh c:LZa hé thong va thiet lap r@ng buéc toan hoc
gitta cdc tham so voi sai léch danh gia nhiéu lon nhat. Bai toan dat ra la khi bo sung thém thanh
phan truot ug,. vao (3) thi luat diéu khién moéi tac dong trd lai hé (2) nhu thé nao? Khi do, luat
Ugmce dugc tong hop ra sao?
Dua luat didu khién ug,y,, vao (3) nhan duogc:

1 "
u*(t) = Z(y* —F+ v) + Usme )
Thay (5) vao h¢ (2):

y=F—F+y" +Kpe+K [, e (©)dt + Augp, (6)

t
y*—y:(F—F)—Kpg—Klfg(T)dT_Ausmc (7)

0
é = —Kye — K, Ji € (D)t — Augc + F ®)

Dit bién trang thai mdi x1, x, nhu (9), sau khi bién d6i nhan dugc phuong trinh trang thai (10)
cho do6i tugng SISO.

t
X; = f e (1)dt; x, = e(t) 9)

0

th =Xy
{x'z = _prZ - Kl‘xl - Ausmc + F (10)

Hé (10) cho thay, co thé coi F 1a nhiéu tic dong khong biét trude can phai dinh lugng dugc né.
Trong h¢ théng vat Iy thong thuong, F duge xem xét 1a dai lugng bi chin béi Fy,qy, c6 nghia |F| <
F'qu. Dé bo diéu khiér} Ugme duoc tong hop theo nguyén ly Qiéu khién truot, theo do, luat diéu
khién Uy, (11) duge tong hop tir 2 thanh phan: Thanh phan diéu khién tuong dwong u,, va thanh
phan diéu khién bén viing u,.,.

Usme = Ueq + Upp (11)
3. TONG HQP LUAT PIEU KHIEN
3.1. Téng hop thanh phén diéu khién twong dwong
Chon mat truot:
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S=x1+cx; =% +cxp,¢>0 (12)

Lay vi phan bac nhét cia S:
S =%+ cxy = xp + c(—Kpxy — Kixy — Augme + F) (13)
§ = —cKjx; — (cKp — D)x; — cAugp + cF (14)

Thanh phan diéu khién twong duong duge gidi tir phuong trinh $ = 0. Dudi tac dong cua thanh
phan nay, hé thong dicu I~<hién dugc giam bac va tro thanh hé tu tri S = 0, va do d6, hé thong
khong bi tdc dong boi nhicu.

Twr (14) nhan dugc:

—cKijx; — (cKp — 1)x2 — CcAugq =0 (15)

1
Ueg = =1 [cKixy + (cKp — 1)x; | (16)

3.2. Tong hop thanh phén diéu khién bén virng
Ta chon dugc mot ham Lyapunov V (t) c6 dang (17), trong do, S = 0 1a mot hé tu tri bao gém
day du cac bién trang thai phu thudc thoi gian cua hé thdng diéu khién dang xét.
V=52 (17)
Gia sir ta tong hop duoc luat didu khién u dam bao cho dao ham cua S c6 dang luat tiép can
mat truot Gao [9]:
§S=—asS-— dsgn(S),vaia,é >0 (18)
) Bai bao lua chon mot cach tiép can tryc quan véi gia thiét gé tim,duqc luat diéu khién sao cho
toc d0 hoi tu cia mat truot co dar}g tong cia sO hang khong d6i va so hang ti 1€ voi mat truot (18)
theo luat Gao [9]. Phuong phap tong hop nay s€ cho phép tim u,,;, bang cach can bang cac vé phai
ctia S trong céac biéu thirc (14) va (18). Két qua nhan dwoc phuong trinh (19) nhu sau:

—cKixy — (cKp — 1)x, — cAugye + cF = —aS — 8sgn(S) (19)
Thay Ugme = Ueg + Uy tir (1) vio (19):
—cKixy — (cKp — 1)x; — cA(ueq + Upp) + cF = —aS — sgn(S) (20)

Sau mot s6 phép bién ddi tir (20) nhan duge (21):
1 ~ 21
Urp = [aS + 8sgn(S) + cF] (21)
Trong thanh phan diéu khién bén viing (21), F 1a dai lvong chua xac dinh r5. Dé trdng minh
luat diéu khién, sai 1éch 16n nhat cua nhiéu £, ,, duoc sir dung. Khi d6, (21) duoc viét lai nhu (22):
1 ~ 22
Urp = [aS + 8sgn(S) + cFgxl (22)
B6 diéu khién MFC-iPI-SMC téng hop dugc c6 dang (23):
1 1 ~ 23
Usme = = [cKl-xl + (cKp — l)xz ] + c_A [aS + 8sgn(S) + cFuax] (23)
Nghién ctiu mdi quan hé giira cac tham s6 8, ¢, a Va F,, 5., mot dinh Iy méi dugc phat biéu nhu sau.
Pinh Iy:
Héphyi tuyén SISO (10) hoat dong trong ché dg truot trén mdt trucot (12) va hoi tu vé 0 nho ludt
diéu khien (23) voi dieu kién (24):
5> {ZCF'max — alS| : 2cEpqy > alS|

! N ;a,c € RT (24)
2¢Epax 1 2¢Fn0x < alS|
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Chirng minh:
Chon ham Lyapunov (25):
V=52 (25)
L4y dao ham V doc theo quy dao trang thai ciia no:
V =285 = 25(x, + cxy) (26)

Diéu kién dé hé (10), (12), (23), (24) hoat dong trong ché do truot1a V < 0.
Thay (10) vao (26):

V =2S(x; — cKixy — cKpx, + cF — cAugp,) (27)
Qua mdt sd phép bién ddi (27) nhan duoc:
V = —2aS% — 268sgn(S) — 2¢S (Fpax — F) (28)

Tim diéu ki¢n dé V < 0:
*NéuS=0: V=0
*NeuS>0: V=-2a|S|?—258|S| - 2¢|S|(Enax — F)
V <0= 2a|S|? +268|S| + 2¢|S|(Fpax — F) = 0 (29)
6= _alsl - C(ﬁmax - ﬁ) (30)
Do —alS| — ¢(Fnax — F) < 0 nén bat dang thuc (30) ludn thoa man V& > 0. Bat dang thirc
nay ciing pht hop véi gia thiét (24).
*NéuS <0: V=-2alS|?—28|S| + 2c|S|(Enax — F)
V<0= alS|+6—c(Fpax—F) =0 (31)
8§ = c(Epax — F) — alS| (32)
DO Fnax = F nén 2¢Fygy > c(Fpgyx — F) v6i VF. Theo gid thiét (24), bat dang thire (32) ludn
thoa man.
Nhu vay, voi diéu kién (24), hé SISO (10) hoat dong trong ché do truot trén mit trugt (12) va
héi tu vé 0 nho ludt diéu khién (23). Pinh 1y dugc chiing minh. (]
4. MO PHONG VA BAN LUAN
4.1. Thong s6 md phong
Xem xét hé thong diéu khién servo c6 mé ta (33) dudi tic dong cua nhiéu (34) [11]. Trong qué
trinh m6 phong, mo hinh (34) chi tham gia vao qua trinh thu thap dir liéu ma khong tham gia vao
qua trinh thiét ke luat diéu khien MFC-iPI-SMC.
6(t) = —256(t) + 133u(t) + M, (t) (33)
Trongdo:  6(t): Goc quay thyc cua tdi quy ve dau truc dong co.
84(t): Goc quay mong mudn cia tai quy Ve dau truc dong co.

u(t): Tin hiéu diéu khién moé men quy vé truc dong co.
M, (t): Nhiéu phu thudc thoi gian tac dong 1én hé thong (hinh 1).

M (t) = 50 X exp [—M — 20 X exp —(t_—?))z (34)
2 x 0,22 2x0,1?
bat: y () = 604(0); y(t) = 6(¢) (35)
Sai léch bam goc: e(t) =y () —y() (36)
Gia thiét vi tri goc va tde do goc ban dau:
y*(0) = 0,25 (rad); y*(0) = 0,25 (rad/s) (37)

Tin hiéu dat y*(t) c6 dang ham diéu hoa (38) va dang ham budc nhay (39). Tin hiéu dit duogc

14 N. V. Bike, N. Q. Hung, V. Q. Huy, “Ché dj trwot trong hé thong ... thich nghi tham s6.”
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1am tron nho bd loc thong thap.

y*(t) = sin(t) (rad) (38)
0:t € [0; 2]

0:t € [17,001; 20]

M0 phong thuc hién trong thoi gian t = 20 s, chu ky 1dy miu Ty = 0,001 s (twong duong N =
20000 diem dix ligu). Lya chon cac tham so luat dieu khién nhu trong bang 1. Tham so ¢ dugc lya
thoéa méan diéu kién Hurwitz ciia hé tu tri S = 0 v6i mét s6 gia tri khac nhau.

Bdng 1. Tham 56 ciia mo hinh cuc bé va ludt diéu khién.
A K, K; c a Erax %)

0,0015 1,1664 0,2928 {0,05; 50} 10 0,1 0,25

4.2. Két qua mé phong véi dau vao dang 1(t)
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Hinh 1. Tin hiéu dat, phdan hoi dang 1(t), sai léch goc va tham sé & véi ¢ = 0,05.
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Hinh 2. Tin hiéu dat, phan heéi dang 1(t), sai léch goc va tham sé & vdi ¢ = 50.
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Hinh 1 cho thiy, tin hi¢u phan hoi bam sét tin hiéu dat véi sai léch goc nho. O 3 thoi diém qué
d6, hé théng nhanh chong tro vé ché do xéc lap, dam bao sai 1éch bam sét trong 1an can +5 mrad.
Db thi tham sé & cho thiy su thay doi cua tham sb theo trang thai cua hé théng (theo S), phit hop
vé6i gia thiét cua dinh Iy § = 0,01 — 10|S| > 0.

Hinh 2 cho théy, tin hiéu phan hoi ciing bam sat tin hiéu dat véi sai léch goc nho. Sau khi qua
d6, hé thdng nhanh chéng tre vé ché do xac lap, dam bao sai léch bam trong 1an can +2 mrad. D6
thi sai léch goc ciing cho thiy, khi tang gia tri tham s6 ¢ 1am cho hé thong xac 1ap nhanh hon va
chat lwong hé théng tét hon. P thi tham s6 § = 10 — 10|S| cho thay su thay d6i ctia tham s6 theo
trang thai ciia hé thong (theo S), phi hop véi gia thiét cua dinh 1y.

4.3. Két qua mé phong véi diu vao dang sin(t)

Hinh 3 va hinh 4 cho thdy, tin hiéu phan hdi ciing bam sét tin hiéu dat sin(t) véi sai léch goc
nho. Gi4 tri tham s6 ¢ 16n 1am cho hé théng xéac 1ap nhanh hon va c6 sai 1éch bam nho hon. Hinh
3 thé hién sai léch goc trong 1an can +5 mrad, trong khi hinh 4 thé hién sai léch gdc trong 1an can
+2 mrad. D6 thi tham s6 § biéu dién su thay d6i ciia tham sé nay theo trang thai cua hé thong va
hoan toan phi hop véi gia thiét cua dinh 1y.
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Hinh 3. Tin hiéu dat, phan hoi dang sin(t), sai léch goc va tham sé & véi ¢ = 0,05,
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Hinh 4. Tin hiéu dat, phan hoi dang sin(t), sai léch goc va tham sé 8 véi ¢ = 50.
Bang 2 thé hién chét lugng cua hé thong diéu khién theo mét sb tiéu chuan tich phan. Cac s6
liéu trong bang 2 dugc tong hop tir qua trinh mo6 phdng véi cac tin hiéu dau vao dang step va sin.

16 N. V. Bike, N. Q. Hung, V. Q. Huy, “Ché dj trwot trong hé thong ... thich nghi tham s6.”
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Tiéu chuan IE khong phan anh dung chat luong ctia hé thong nhu cac tiéu chuén tich phan khac
(ISE, ITAE hay ITSE). Cac tiéu chuan ITAE va ITSE xem xet dén trong sO thoi gian nén phan anh
t6t chi tiéu chat luong cua hé thong Chi s6 ITAE va ITSE d6i v6i dau vao bude nhay 16n do trong
thoi gian mo phong 20 s hé thong c6 4 lan qué do.

Bing 2. Chdt lwong ciia hé thong theo mét so tiéu chuan tich phan (c=50).

Pau vao IE ISE ITAE ITSE
step -50,3844 13,9382 0,8143 0,0900
sin -12,2706 3,9161 0,2817 6,6931x10"

5. KET LUAN

Bai bao nghién ciru tong hop luat diéu khién thich nghi phi mé hinh MFC-iPI-SMC trén co s
két hop thuat toan MEC-iPI va ché do trugt. M6 hinh cuc bg cua diéu khién phi mo hinh va luat
diéu khién iPI dugc hiéu chinh lai dé hinh thanh luét diéu khién MFC-iPI-SMC méi. Dinh 1y vé
tinh rang bugc cta cac tham sb trong bo diéu khién va nhiu hinh thanh do sai 1éch mé hinh cuc
bd duge phat biéu va chimg minh toan hoc chit chd. Mot s6 két qua mo phong true quan gop phan
khang dinh tinh hiéu qua ctia bo diéu khién phi mé hinh MFC-iP1-SMC. H¢ thong c6 sai 1éch bam
nho, nhidu phy thudc thoi gian hoan toan dugc loai ra khoi hé thong.
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ABSTRACT
Sliding mode in model-free control systems with adaptive parameters

The article synthesizes the model-free adaptive control law MFC-iPI-SMC for SISO
nonlinear systems based on the development of the MFC-iP1 control law operating in sliding
mode to establish a new MFC-iPI1-SMC control law to address the existing uncertainties of
the system and establish mathematical constraints between parameters with the largest
estimated disturbance error. The Lyapunov stability of the system is rigorously ensured
mathematically. MATLAB simulation demonstrates the effectiveness of the new model-free
adaptive control law.

T khoa: Adaptive control; Model-free; SISO system; Local model; iPI; MFAC; SMC.
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