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Tém tit

Piéu khién dir bdo dira theo mé hinh (Model Predictive Control — MPC) la phwong phdp diéu
khién duwoc sir dung rat rong rdi trong thuyc té, mang lai hiéu qua tin cdy. No ra doi tie rat sém,
duwoc xudt phat tir bai toan thuc té, dudi tén goi Thudt toan diéu khién twa mé hinh (Model
Algorithm Control — MAC) va dan phat trién thanh mét cong cu wa thich dé gidi quyét nhiing
bai todn c6 rang budc cho ca hé tuyén tinh va phi tuyén. Tuy vdy, do la phwong phdp dwa vio
mé hinh, nén viéc phdn tich, danh gid chat heong on dinh hay bén viing ciia hé, nhat la hé phi
tuyén, khi mé hinh khéng dirng (non-autonomous), chira cdc thanh phdn bat dinh, la khong hé
don gian. C6 thé néi cho t6i tan ngdy nay bai todn danh gid tinh én dinh ciia hé MPC phi tuyén
dang nay van con la bai todn mé. Ly do chinh la vi 6 MPC phi tuyén nguoi ta phai tim nghiém
toan cuc ciia bai todn toi wu phi tuyén khong 16i. Xudt phat tiv 1y do d6 ma bai bdo nay da dwa
ra mot dé xudt xay dung bo diéu khién MPC cho hé phi tuyén dii dam bdo dwoc tinh on dinh
ciia hé. Pé xudt ndy dwa chii yéu vao tw twong xdp xi tuyén tinh ting doan theo cira s6 di bdo
(receeding linearization) cho hé phi tuyén réi sir dung quy hoach toan phirong (OP) ciing &
dang tirng doan, thay Vi truc tiép tim nghiém bai todn toi wu phi tuyén khéng 16i. Mot vi du ciia
bai bdo da xdc nhan tinh hiéu qua cia gidi phdp dé xudt trén.

Tir khéa: Diéu khién MPC; Quy hoach toan phwong; Tinh 6n dinh ciia MPC.

Abstract

Model Predictive Control (MPC) is a widely used control method in practice, providing reliable
results. It originated from a real-world problem, under the name Model Algorithm Control
(MAC), and gradually developed into a preferred tool for solving constrained problems in both
linear and nonlinear systems. However, because it is a model-based method, analyzing and
evaluating the stability or robustness of the system, especially nonlinear systems, when the
model is non-autonomous and contains uncertain components, is not simple. It can be said that
even today, the problem of evaluating the stability of this type of nonlinear MPC system remains
an open problem. The main reason is that in nonlinear MPC, one must find a global solution
to the non-convex nonlinear optimization problem. Based on this reason, this paper proposes
a design for an MPC controller for nonlinear systems that ensures system stability. This
proposal is primarily based on the idea of segmented linear approximation using the prediction
window (receeding linearization) for nonlinear systems, and then using quadratic
programming (OP) also in segmented form, instead of directly finding the solution to the non-
convex nonlinear optimization problem. An example in the paper confirms the effectiveness of
the proposed solution.

Keywords: MPC control; Quadratic programming; MPC stability.

https://doi.org/10.65153/w23q8j15
Journal of Science and Technology of East Asia University of Technology



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

1. MO PAU

Xuét phat tr mQt bai todn cua cong nghi¢p, nam 1982, ma ky thuat MAC (Model
Algorithm control) [1] duoc ra doi. Tiép theo d6 1a DMC (dynamic matrix control) [2] va GPC
nim 1987 (Generalized Predictive Control) [3]. Tat ca ching, tuy rang van ton tai nhiing uu
nhugce diém riéng biét [2], song di tao tién dé cho viéc hinh thanh k§ thuat MPC (Model
Predictive Control) [4],[5],[6] vi v6 van tng dung thanh cong trong thuc té. Uu diém ndi troi
cta ky thudt nay so voi cac phuong phap didu khién phi tuyén khac, nhu thich nghi, bén viing,
truot,... 1a né xu 1y dugc cac bai toan diéu khién co rang budc vé trang thai va tin hi¢u diéu
khién [7]. S& di né lam duogc didu nay 1a vi ban chit cia MPC 1a ting budc chuyén bai toan
diéu khién phi tuyén thong thudng vé thanh bai toan quy hoach phi tuyén c6 rang budc rdi sir
dung cac phuong phap t6i uvu hoa dé xir Iy diéu kién rang budc d6 [7], ciing v6i vo van cong cu
t8i wu hoa da ¢ sén hd tro viée cai dat chung 1én thiét bi diéu khién sb [8]. Tuy nhién, cling vi
d3 chuyén bai toan diéu khién phi tuyén c6 rang budc thanh bai toan quy hoach phi tuyén, tirc
12 bai toan tdi wu ¢6 ham muc tiéu phi tuyén va tap rang budc cling dugc mo ta bdi cac bat
phuong trinh phi tuyén, nén van dé khao sat tinh 6n dinh cta hé thu dugc gip kha nhiéu kho
khan [9], do con thiéu nhiing céng cu tim nghiém toan cuc cho bai toan quy hoach phi tuyén

khong 16i [10].

Nhiam khic phuc nhuge diém trén, bai bao dinh hudng s& ciing véi viée dich cira sé du
bao ctia MPC dé chuyén dan timg budc mo hinh phi tuyén khong dimg thanh tuyén tinh tham
s6 hang (hé LTI) trong ctra s6 du bao hién tai. Nho d6, thay vi gap phai bai toan quy hoach phi
tuyén khong 10i, ta s& co bai toan quy hoach toan phwong (16i), gitp ta ludn tim dwgc nghiém
toan cuc khi tdp rang budc ciing 1a mot tap 10i nhd cac phuong phép sd giai bai toan QP

(quadratic programming).
2. NOI DUNG CHIiNH
2.1. Phat biéu bai toan va cac gia thiét kém theo

Noi dung bai béo lién quan t6i nhiém vu thiét ké b didu khién bam quy dao c6 rang budc,
cho hé phi tuyén khong ding, mé ta boi mé hinh roi rac dang affine

{3_Ck+1 = f(.?_Ck ’k) + B(J_C}wk)lf_tk

=C(x,,k

trong d6 x;, € R™ 1a vector clia 72 bién trang théi & thoi diém roi rac k, u;, € R™ 14 vector

clia m cac tin hiéu diéu khién & cung thoi diém &, y € R 13 vector ctia céc tin hi¢u dau ra,
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B(J_ck ,k) 1a ma tran diéu khién, c6 kiéu nxm va C(Dﬁk ,k) 1a ma tran dau ra, c6 kiéu Ixn .

Nhu vay hé (1) nay c¢6 bac 1 va MIMO (nhiéu dau vao nhiéu dau ra) véi m dau vao va [ dau

ra.
B diéu khién phai thiét ké can thoa man:
- Lam cho daura Yy b bam theo dugc quy dao mau r L €O thé chi can cho trudc timg doan
[k,k +N, (k)] vé6i N,.(k)eN cing co thé thay doi theo k, va théa main
Y, ~Tp—> 0; khi k — oo, trong d6 Ql 1a ky hiéu cta vector cé tat ca cac phan tir bang
0, va tit nhién ciing phai ¢6 sb chiéu tuong tng 1a /.
- Vector céc tin hiéu diéu khién Uy, ludn thude U doéng va gi6i ndi (tdp compact) cho
trude.
Dé bai toan ¢ trén c6 nghiém, ta gia thiét:
- B(xyk) %0

do ky hiéu 0, .. 1a chi ma trdn kiéu nxm c6 tat ca cac phan tir bang 0.

s V%1, kR déhé 1a diéu khién dugc tai x;, ¢ thoi diémroirac &, trong

- C(D_Ck JR) # Oan , Va_ck R dé tranh truong hop hé roi vao ché do dong hoc khong tai X,
& thoi diém roi rac k.
e

- Vector ham f(x,,,k) thoa min W <o, Vx,,k )
~k

tirc 1a f(x;,,k) bién doi khong nhanh hon x;, v6i moi k. Ta c6 thé thay tat ca nhing

vector ham f(x;,,k) Lipschitz toan cuc déu thoa méan diéu kién (2) nay.

2.2. Phuong phap diéu khién MPC truyén thong
Hinh 1 & dudi mo ta nguyén tic xay dung bo diéu khién MPC truyén thong.

|
——

Hinh I: Nguyén tac hoat dong cua bd diéu khién du bao

v
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Mot cach chi tiét thi né gdbm cac budc sau:

. Chon trudc cac khoang du bao N ,, cho tin hi¢u diéu khién Uy, va N  cho trang théi X, , trong
do N, > N,.. Thong thuong nguoi ta hay chon N, = N, =N véi IN khong dugc 16n hon
khodng IN,.(k) ma quy dao mau r;, s& dugc xac dinh trudce timg doan.

. Xay dung mé hinh du bao cho tin hiéu dau ra Y, i=k+1, ... ,k+N tinhtir thoi diém roi

rac k hién tai. Thong thudong nguoi ta c6 thé sir dung ngay mé hinh roi rac (1) caa hé dé lam
mod hinh du bao.

. Thuc hién 1an luot cho £=0,1, ... cic budc sau:
a) Do trang thai x,.

b) St dung mé hinh du bao dé xac dinh cac tin hiéu dau ra tuong lai Y, trong ctra s6 du bao

hién tai i=k+1, ... ,k+ N . Nhitng tin hiéu dau ra twong lai ndy sé& la cic vector ham phu
thudc L_Lj,jZk,k+1, ... ,k+N—-1. DPé don gian ta s& sir dung ky hiéu li(l—lk) voi
u, = COl(L_Lk,L_Lk+1, .- ’L_‘k+N—1) dé chi sw phu thuoc d6. Liic nay u,, s€ la vector trong

khong gian mIN chiéu.

¢) Chon ham muc ti€u danh gid sai 1éch bam

N
Jk(Ek):hk(Ek)+]Z::1gk(2k+j(2k),7_”k+j) (3)

trong d6 Ay, (W) phai 1a ham xac dinh duong va g, (Zk+j (le),fkﬂ-) phai it nhat 1a ham
ban xac dinh duong cua céc sai 1é&ch y " (u,) -1, ;- Thong thuong nguoi ta hay chon ham

muc tiéu dang toan phuong nhu sau:
T N T
Iy (uy) =1, R, +]Z::1 (Q’k+j(2k)—fk+j) Q) (Zk+j(2k)_’:k+j) (4)

thay cho (3), voi Rk,Qk 1a cac ma tran ddi xung xac dinh duong chon trude. O day ta da sir
dung ky hiéu RR;, thay vi I;, nhu van lam véi ma trin c6 cac phan tr 13 s6 thuc, vi R;, thuc
chat 1a ma tran khi (cac phan tir ciia né ciing 1 ma tran).

Nhu vay, néu ta str dung ky hiéu gop (vector va ma tran)

€, ZCOI(Qk_,_l, a€k+N)
2001(2k+1(1_1k)_rk+1> 7zk+N(Ek)_]—"k+N) ©)
. Qy, 0y
Q, =diag(@y, ... .Q)=| : ;
lel Qk
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trong d6 0y, ; 1a ma trén kiéu [x [ c6 tat ca cac phan tir bang 0, thi ham muc tiéu (4) s&

trd thanh dang gan giéng toan phwong chinh tic
T T
(W) = W, Ry, +€, 9. (6)

O day tandi rang (6) gan gidng toan phuong, chir chua phai toan phuong theo bién u,,, vicon

quan hé Vivi (1_1k) —TI'},; cuacac phan tir trong €, khong & dang tuyén tinh theo u,.
d) Tim nghiém bai toan tdi uvu hoa cd rang budc

u, =arg ff,jlrz}Jk (u) (7

* \ 2
s -+ 3Omsm )W, Vo diéu khién h¢ (1), trong 6 I, 1a ma

e) Pua u, Z(Im,O
tran don vi kiéu mxm .

Nhu véy, vong lap 3 véi £ =0,1, ... chi két thic khi qua trinh diéu khién két thuc. V&
phuong phap MPC truyén thong nay ta c6 mot vai y kién danh gia chat lugng mang lai ctia nd
nhu sau:

- Khi hé¢ 1a phi tuyén dang (1), dé c6 duoc dau ra yk+i trong ctra s6 du béo hién tai, tirc

lavéii=1, ... ,N, tacan du bao dugc trang thai x p4; Vaching la nhimg vector ham

phu thudc X,Up, ... ,Up, N _1- Su phu thudc ndy mang tinh phi tuyén kha cao. Ctra
u
s6 du bao IN duoc chon cang 16n, tinh phi tuyén cang cao. Piéu nay ta c6 thé thiy thong

qua phép khai trién vector trang thai X, ; trong cua so du béo hién tai [k +1,k+N ]

Xpi1 = [, k) + Blxy, Ry,
Xpio= [(,’)_{:k+1,k +1) + B(-’_Ck+1,k +1)Ek+1

= F(f (k) + Blacy Ry k1) + B(f Gep k) + By Ry ke +1)y g

=0, (R + 12,11, )
Xpig=f (X 0,k +2)+B(xy, 0,k +2)uy, 5
= f (@, (ko4 L ), R+ 2) +
+3(2)2(k’k+1’g_ck’zkagk+1),k +2)Ek+2

= 93 (kyk+1ak +2?3_Ck7L_Lk?Ek+17L_Lk+2)

A

J—Ck-i-l :Ql(k,k'i‘l,k'i‘z, ces ’k+l'_1',)—ck’zk’2k+1’t—tk+2’ ces ’Ek+i—1)
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trong d6, ddu Z chi phép gan, tirc 1 ky hiéu cia mot quy wdc. Tuy nhién, tir dang ham
muc tiéu cho & cong thirc (4) cling dé thiy rang khi IN duoc chon cang nhé, kha ning

bam tin hidu ddt 7, cla bo diéu khién cang thap.

- Tinh phi tuyén cao cta két qua du bao y b dan toi chat luong rat xdu ciia ham muc
tiéu (3) hodc (4), 1am cho né cé tinh 16m manh véi nhiéu diém cuc tiéu dia phuong, trong
khi tat ca cac phuong phéap toi uu hoa hién c6 déu khong c6 kha ning xac dinh duoc it

nhat mgt di€m cuc ti€u toan cuc cua bai toan toi uvu I6m (non-convex).

- Hién nay, bai toan danh gia chat luong bam e, =Y,k khi & — o0 ctia MPC phi
tuyén van dang mé (chua co két qua rd rang). Dé cai thién chat lugng bam mot cach dinh

tinh, nguoi ta thuong st dung céc giai phéap trung gian nhu:

o Lua chon hop ly cac ham Ay, (u,,) va g, (yk+j ’Ek+j) cho ham muc tiéu (3) hodc bd

sung thém ham phat cho </ B (E k ) dé tao dugc day Hg k H don diéu gidm. Tuy nhién cong
viéc ndy chua tong quat va chi mang tinh don 1é vdi timg hé cu thé. Ngoai ra, viéc co

dugc tinh don di¢u giam cia Hg K H cling chua du dé khang dinh s& c6 Hg k H —0.

« Xay dung dugc mot mo hinh du bao phi tuyén phu hop, vira ddm bao 1a né chira dung
dugc day du dic tinh dong hoc ctia hé (1), vira c6 kha niang diéu khién on dinh diém
can duoc, it nhét 13 véi bo diéu khién MPC. Hién tai day cling 1a mot bai todn mé va
chwa c6 mot goi ¥ tdng quat nio cho viée xac dinh mo hinh dy béao do.

Khic phuc cac nhugc diém co ban trén cia MPC phi tuyén truyén théng ciing chinh 1a

muc dich cta bai bao nay

2.2. Phuong phap diéu khién MPC dé xuét cho h¢ phi tuyén (1)

Ban chit phuong phép d& xudt cho MPC phi tuyén (1) cta bai bao dugc xuat phat tir két
qua diéu khién MPC da c6 cho hé tuyén tinh tham s hﬁng (h¢ LTI), r?mg khi ham muc ti€u co
dang toan phuong, diéu kién rang budc U 1a tap 10i, thi bai toan tdi uu héa (7) s& 1 bai toan
t6i wu 161, nén nghiém toan cyc cua n6 dé dang tim duoc nho cac phuong phap t6i wu hoa hién
¢6, ciing nhu khi hé LTI c6 chira m thanh phan tich phan thi moi bo diéu khién 1am n6 6n dinh

cling s& 14 n6 bam theo duoc tin hiéu dit kha vi m 1an.
Xuét phat tir m6 hinh (1) thi cing véi gia thiét (2), n6 s& viét lai duoc thanh

{xkﬂ = A(xy,k)x), + B(x),, k)u,

y, = Cayk)x, ®)

trong do
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[@pF) 7

A(:)_(:k7k): Hx ‘2 o
<k

1a ma trn ki€u 72X 7 co tat ca cac phan tir 1a ham bi chin theo x;, va k. Nhu vay, tai thoi

diém & hién tai, va do x;, la da biét do do dugc, nén (8) trd thanh tuyén tinh khong ding

X1 = ApXy + Briy, 9
=C,x )
Y = YLk
véi
Ak = A(:)_(:kak)7 Bk = B("_Ck’k)7 Ck = C(:)_Ck’k) (10)

la nhitng ma tran 10 (certain). Nhuoc diém duy nhét ciia mo hinh (9) nay, so véi hé LTI, 1a cac

ma trdn tham s6 Ay, B, C, phu thudc thuoi gian.

Ta sé& sir dung (9) dé xay dung md hinh du bao v6i m khau tich phan bo sung. Ky hiéu
Uy, = Uy, —Uy, 1 thido tai thoi diém k& hién tai da c6 Uyj,_1,nén dé tim U,, tachi can tim Vg s
tirc la v;, by gio s€ 1a vector tin hi¢u diéu khién ctia md hinh du bao. Vi ky hi€u nay, thi tai

thoi diém £ mo hinh (9) tré thanh

Citor, oo Lo e
L_Lk Onxn Imxm L_Lk—l Imxm -

X
Zk - (Ck ’ lem)(,/_;il
hay
21 = A2 + By, a
zkzckék
trong do
ARES , = ,B = R C = C , 0>< 12
= (Ek—lj Ak (Onxn Imxm & Imxm k ( k lm) (12)

RO rang, tai thoi diém k& hién tai, md hinh dy bao (11) trén mang dﬁy du dac tinh dong

hoc ctia hé (1) ban déu. Hon nita n6 con ¢ m khau tich phan trong dé, vi
m
det( ALy pyxnem) — A ) = det (AL, = A, )(A-1)" =0
conghiém A =1 boi m.
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Str dung md hinh dy bao (11) nay, trong d6 cdc ma tran A,, B, G, dugc giit c6 dinh
trong toan khoang du bdo [k +1,k+ N ] hién tai, tirc 1a chiing khong con phu thugc k+1

trong cura sO du bao do, ta duoc

Zp1 = Az + By,
_ 42
Zpro = A (Apzy, + By ) + Bouy oy = Afz), + ABuy, + Byug,y

Y i-1
Zpsi = ApZp T AT B + o + ALy g + By

_ AN N-1
Zpn =Ap 2+ A B+ + ABUL v ot B v

Vay, tur (11) ta c6 vector tin hi¢u ddurachomoi 1=1, ... ,N
Yirs = CuALZ, + CuAT By + - +CuA B o +C B (13)
Ttr déy, khi viét chung lai (13) cho tt ca cac chisé i =1,2, ... ,IN dugc
S G A, G.5, 0 Opem || U
E Dozt : : . : :
Yeen ) \GeAY CeAY B, GAYTEB, - Gy \Vkena
Do d6, véi céc ky hi¢u
chol(zkﬂ, ,2k+N), v=col(vy, ... ,Upn_1)s
£:C01(Ek+l’ e ’Ek+N)’
Q - 0 R, - O C, A,
Q= : . + |,R=|: . |, D= : , (14)
o - Qk o -- Rk CkAéV
F = : : . :
N-1 N-2
thi ham muc tiéu (4) tré thanh
T ) =v" (FTQF +R)v -2((r - Dz, )" QF v (15)

va 1a ham toan phuong. Tir d6, néu rang budc U con 1a tap 16, diéu thuong gip trong thuc té

khi céc tin hiéu diéu khién luon thudc mot khoang dong xac dinh cho trudc, chfmg han nhu

A SUy, Sék
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voi ap, é 1 1a hai vector va phép so sanh vector duoc thuc hién cho cac phan tir ctia chung, thi
bai toan toi wu phi tuyén (7) by gio trd thanh bai toan tdi wu 161, c6 ham muc tiéu 1a toan

phuong, tap rang budc duge mo ta boi cac bt dang thire tuyén tinh (bai toan QP)

v’ =argmind, (v) (16)

VeV,
trong d6 tap rang budc V), dugc sinh ra tr U béng cach dich né mot khoang —u;, | trong
khong gian diéu khién R™ , ciing 1a mot tap 16i, mo ta boi cac bit dang thie tuyén tinh. Cudi

*
cung, ta suy ra dugc tr U

*

up =t 1 +(1,0,05 - 3000m U - (17)
va d6 1a tin hiéu diéu khién can tim & thoi diém & hién tai (hinh 1).
2.3. Thuét toan diéu khién

Dé tién cho viéc cai dat phuong phap dé xuét, sau day ta s€ duc két lai noi dung cua nd

da trinh bay ¢ trén dudi dang thuat todn gdm cac bude sau:

1. Khoi tao: Chon trudc khoang du bao IV . Khoang du b4o dugce chon nay khong duge nho

hon khoang biét truéc cta tin hiéu dat T, néu né ciing chi dugc cho trude ting doan. O
trudng hop da ¢6 1y, véimoi £>0 thi N >2 1a tuy chon.
Gan £=0.Taygin u_,.
2. Thuc hién voi £ =0,1, ... cac budc sau:
« Do trang thai x; . Xac dinh z;,, A, B, G, theo (12).

« Chon hai ma tran d6i ximg xac dinh duong R, >Qk roi thiét 1ap R,Q theo (14). Trong

truong hop ching duoc chon khong phu thude £ thi bude nay s& duoc chuyén vao phan
khéi tao.

o Xay dyng cac ma tran D, F va vector r theo (14). Xac dinh tap rang budc V), tur U

va Ek—l .

r * r N
e Tim nghiém t61 uvu U cua bai toan to1 wu toan phuong (16) véi rang budce 161, trong do6

J,, (V) cho tai (15). C6 thé thiy, néu
* -1
v =(FTQF +R) FTo(r-Dz,) eV, (18)
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thi n6 1a nghiém toan cuc cua bai toan ti wu (16), nguoc lai l_)* chi ¢6 thé nim trén bién
ctia tap 10i Vk va tim dugc nho thuat toan truyén thong ciia Karush-Kuhn-Tucker (KK T)
[11]. Thuat toan nay ciing da duoc tich hop trong MatLab duéi tén 1énh fmincon rat
tién st dung [12],[13].

« Tinh &, theo (17) va dua vao diéu khién hé (1).

C6 thé thay 13 hoan toan khong kho khan gi khi ta mé rong thuét toan trén cho ca nhimg
hé (1) affine nhung c6 dang tong quat hon & dau ra nhu sau:

{D_C;Hl = [(xp, k) + B(xy, k),

y, = 8(x;,k) ()

bang cach dua né vé dang (1) véi

g("_ckak) T

C("_Ck’k) = 9 D_Ck .
|

3. MINH HQA BANG Vi DU SO
Dé minh hoa chat lugng cua bd diéu khién dé xuat, co so sanh véi bd didu khién MPC
phi tuyén truyén thong, sau ddy ta s& cai dit ca hai phuong phap dé dua dau ra Yp cuahé
ka —xk3 + U COsxkl

Xp1 = 2, — X,

Vi =‘ku —xkz‘xkl + 2%y,

T \ 3 .
voi vector trang thai X, = (xk1 ,ku ,xk3 ) , tin hiéu dau vao (tin hi¢u di€u khién) 1, , bam
theo dugc tin hiéu dat 7, =2, Vk va u;, thoa man diéu kién rang budc dang khoang

|y, <0.2. Ham myc tiéu (3) twong tmg véi chat lugng bam dit ra nay la

2 N 2
i () =u [+ qjgll('Xkﬂ(Ek) "Lk )

2 T
trong d6 N >1 1a do rong cua so du béo tiy chon, u, = (uk,uk+1, ’uk+N—1) va hé

s6 g =5 cho trude.

Trudc tién ta cai dat thuat toan truyén théng nhu mé ta & muc 2.2 thanh chuong trinh

pxm1 .m viét trén MatLab, c6 mé ngudn nhu dudi ddy, s& thu duoc két qua nhu ¢ hinh 2, cho
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hai truong hop N =10 va N =20 khéc nhau. C6 thé thiy & ca hai truong hop nay dau ra
cua hé khong bam theo duoc tin hiéu dit cho trude. Tham chi 1a khi N duoc chon cang 16n,

chat lugng cang xau.:

15

P PR _—————— '~ = reference | = = reference
! === input ==='input
sl | [m—output || output

10

a) Khi &V =10 b) Khi N =20
Hinh 2: Két qua diéu khién v6i phuong phap truyén thong

% pxml.m: Conventional method
global N x r g
op=optimoptions ('fmincon', 'algorithm', "sgp');
M=16; N=10; w=2; r=w*ones(N,1l); g=5*ones(N,1)
ub=0.2*ones (N, 1); lb=-ub; u=0; x=[0;0;0]; up=
for i=1:M

t=[t;1i-1]; pO=u*ones(N,1);

p=fmincon (€myobj,p0, [1,[1,[],[],1b,ub, [],0p);

u=p(1l); [x,yl=mysys(u,x); up=[up;ul; yp=Ilyp;yl; 5 for
printing
end
plot (t,w*ones (M,1),t,up,t,yp);
legend('reference', "input', 'output');

[1; yp=I[]; t=[1];

14

function J=myob7j (u) % objective function
global N x r g
J=0; xk=x;
for i=1:N
[xk, ykl=mysys (u(i),xk); J=J+q(i)* (r(i)-yk) " 2+u(i)"2;
end
end
function [x,y]=mysys (u, x) % system dynamic

x=[x(2)-x(3)+u*cos (x(1));2*x(3) -
X(2);x(1l)*sin(x(2))+x(3)+ul;

y=abs (x(1)-x(2))*x(1)+2*x (1) ;
end

Tiép theo, ta s& sir dung phuwong phap dé xuit ma ¢ d6 hé (20) da dugc viét lai thanh dang
tuong duong
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xk2 —xk3 +uk Cosxkl 0 1 -1 Cosxkl
D—Ck-i-l: 2xk3 —xk2 = 0 -1 2 3_Ck+ 0 uk
Xy, SINXy +Xp, +1, sinx,, 0 1 1
Vi :‘xk1 —ku‘xkl +2xk2 :(‘xk1 —%Xp,| 5 2, 0)9_ck
tic 1a no ¢od
0 1 -1 cos Xy,
Ak: 0 -1 2 ’Bk: 0 ,Ck=(‘xkl—xk2 ,2,0)
sinxk2 0 1 1

Cai dat thuat toan dé xuat da gi6i thiu & muc 2.3 thanh chuong trinh pxm?2 .m viét trén MatLab

c6 ma ngudn chi tiét nhu & dudi, ta thu duge két qua cho & hinh 3. Két qua nay cho thay bo diéu

khién dé xuat da dap Gmg duoc yéu cau chat luong bam dit ra cho ca hai truong hop N =

va IN =20. Hon nita né con c6 toc tinh toan nhanh hon nhiéu so véi phuong phap truyén

thdng do chi can tim nghiém ciia bai toan QP thay vi clia bai toan quy hoach phi tuyén.

= = reference | | |= = reference
—-—input ===input
— output — output
0.5 :
0 5 10 15 0 5 10
a) Khi V=10 b) Khi N =20

Hinh 3: Két qua diéu khién véi phuong phap dé xuét

(o)

% pxm2.m: Proposed algorithm

15

N=10; w=2; Q=5*eye(N); R=eye(N); x=[0;0;0]; u=[];y=[]; a=0.2;

op=optimoptions (@fmincon, "algorithm', "'sgp')

t=[]; r=w*ones (N, 1);u0=0; M=1l6; O=[1 zeros(l,N-1)]1; v=0;
%0=[1,0,...,0]

for k=1:M

E;Ch*Ah"i];
J=1:i F(i,3j)=Ch*Ah” (i-7) *Bh; end
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end

t(k)=k-1; y(k)=C*x; d=E*[x;u0]; G=F'*Q*F+R; b=F'*Q* (r-d);
lb=-inf*ones (N, 1); ub=-1b; 1lb(l)=-a-ul0; ub(l)=a-ul;
pO=v*ones (N, 1) ;
p=fmincon (@ (p) p'*G*p-2*b'*p,p0,[1,[]1,[1,[],1b,ub, [],0p):
du=0*p; u(k)=ul+du; x=A*x+B*u(k); ulO=u(k);

end

plot (t,w*ones (length(t),1),t,u,t,vy);

legend ('reference', "input', 'output');

Mot nhéan xét thém & phuong phap dé xuat nay 1a mic du khi N dugc chon cang 16n, sai
1éch giita mé hinh gdc (1) ban ddu véi md hinh tuyén tinh (9) cang cao do & do, trong cira s6
du bdo hién tai, ta dd giit nguyén cdc ma tran tham s6 A, B,, C,, tic la da gan
A=A, B =B, ., C,=C,; v6imoi 0<i< N -1, song anh huong cia sai léch
mo hinh nay t6i chét luong diéu 1a khong déng ké, vi két qua Uy, thu dugc ciing chi 1a phan tur

dau tién trong day u, = (uk,uk+1, >uk+N—1) cta cira s6 du bao hién tai.

4. KET LUAN

Chat lwong bam tin hiéu dit theo nghia Hg k H — 0 cua phuong phap dé xuat da dugc kiém
chtng bang vi du mé phong. Chat lugng nay c6 duoc 1a do ta di str dung su dich chuyén cua
ctra s6 du bao dé chuyén tirmg budc bai toan quy hoach phi tuyén khong 16i thanh bai toan quy
hoach toan phuong c6 rang budc 1a tap 161, ro1 tim nghiém toan cuc nho phuong phép QP trong
ctra s0 dy bao do, ciing nhu da bo sung thém duoc m khau tich phan vao mé hinh dy béo. Tuy
nhién con thiéu 1o chirng minh ly thuyét mét cach chit ché cho chit luong thu dugc nay va no
s€ 1a nd1 dung nghién curu tiép theo cua tac gia.
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