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TOM TAT

Piéu khién chinh xdc dong co dién la vin dé khé khan boi ching la doi twong phi tuyén, c6
nhiéu thong sd thay doi trong qua trinh hoat dong, dac biét la sir dyng cac ly thuyét diéu khién hién
dai von rdt can théng sé mé hinh chinh xdc. Bai bdo trinh bay phwong phdp két hop lai gitta binh
phwong dé quy (RLS) va bg loc Kalman mo rong (EKF), bang cdach sir dung két qua tiw RLS lam
gid tri khoi tao cho EKFE, lam cho EKF bdt dau tir mot mién nghiém sat gid tri thuc té hon, qua do
giam do nhay va cai thién kha nang hoi ty. Ly thuyét nghién ciru dwoc iing dung woc luong thong 6
co dién cua dong co dién mot chiéu. Két qua mé phéng va thiee nghiém déu cho thdy phirong phap
RLS-EKF cho hiéu qua tot hon so véi RLS. Trong thue nghiém, sai s6 wéc lwong cua RLS-EKF doi
Voi cdc tham sé R, K, J va b lan luot la 6.57%, 0.08%, 0.55% va 4.28%. Pong thoi, phiwong phap
nay dat RMSE, MAE va FIT lan luot la 0.04086, 0.01267 va 92.32% déi véi dong dién phan ung
va 0.5891, 0.1811 va 99.29% doi véi toc do goc. Noi dung nghién ciru la co so tin cdy dé ha chon
phirong phdp nhan dang phit hop voi cdc yéu cau khac nhau vé do chinh xac va thoi gian thyc trong
mé hinh héa va diéu khién dong co dién mot chiéu.

Tw khoa: Dong co dién mot chiéu; Udc lwong tham $6 mé hinh; ARX/MIMO; Bé loc Kalman
mo rong, Binh phwong dé quy.

ABSTRACT

Accurate control of electric motors remains a challenging problem because these systems
are nonlinear and involve many parameters that vary during operation, especially when modern
control theories are employed, since such methods require highly accurate model parameters. This
paper presents a hybrid method that combines Recursive Least Squares (RLS) and the Extended
Kalman Filter (EKF), in which the estimation results obtained from RLS are used as the initial
values for the EKF. This allows the EKF to start from a solution region closer to the actual parameter
values, thereby reducing sensitivity and improving convergence performance. The proposed method
is applied to estimate the electromechanical parameters of a DC motor. Both simulation and
experimental results show that the RLS-EKF method provides better performance than standalone
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RLS. In the experiments, the estimation errors of RLS-EKF for the parameters R, K, J, and b were
6.57%, 0.08%, 0.55%, and 4.28%, respectively. In addition, the method achieved RMSE, MAE, and
FIT values of 0.04086, 0.01267, and 92.32% for the armature current, and 0.5891, 0.1811, and
99.29% for the angular speed, respectively. The results of this study provide a reliable basis for
selecting suitable identification methods under different requirements of accuracy and real-time
performance in the modeling and control of DC motors.

Keywords: DC motor; Model parameter estimation; ARX/MIMO, Extended Kalman Filter;

Recursive Least Squares.
1. GIOI THIEU

bong co dién mot chiéu duge st dung
pho bién trong nhiéu hé théng truyén dong va
diéu khién véi cau trac don gian, chi phi thip va
kha ning diéu chinh tét. Tuy nhién, chat luong
diéu khién phu thuoc manh vao dd chinh xéc
ctia cac tham s vat 1y nhu dién tré phan ung,
dién cam, hang sb stc dién dong phan khang
va mo-men quén tinh, cling nhu hé s ma sat
nhdt. Nhan dang tham $6 dong co DC van la
mot chu dé& duogc quan tam, véi cac hudng
tiép can chinh gém nhan dang dya trén mo
hinh, binh phuong téi thiéu va cac thuat toan
metaheuristic [1]. Trong nhom phuong phap
dya trén dir liéu, mo6 hinh hoi quy voi dau vao
ngoai sinh (ARX) dugc sir dung dé nhan dang
dong hoc dong co servo DC tur dir li¢u vao vara
thuc nghiém [2], déng thoi cling dugc khai thac
trong moi trudng c6 nhidu dé cai thién mo hinh
hoéa dap ung dong co DC [3], tuy nhién, cdc md
hinh ARX thudng gia dinh tuyén tinh cta cac
hé théng va phu thudc manh vao chét luong dir
lidu do, do d6 bi han ché khi hé thong ton tai
phi tuyén hodc nhiu manh.

Pdi véi cac hé théng duoc xay dung
trén nén md hinh ARX/MIMO, phuong phap
binh phuong t6i thiéu dé quy RLS 1a mot lya
chon phut hgp cho nhan dang truc tuyén nho chi
phi tinh toan thap va kha ning cip nhat tham s
theo thoi gian thyc [4]. Mot sb nghién ctru thuc
nghiém khéc trén dong co dién mot chiéu nam
cham vinh ctru (PMDC) ciing cho thiy ARX

két hop RLS 1a mot huéng kha thi cho mé hinh
hoa va diéu khién thich nghi [5]. Ngoai RLS,
nhom phuong phéap loc trang thai nhu b loc
Kalman mo rong thich nghi cai tién (Improved
Adaptive Extended Kalman Filter) [7], phuong
phap bai toan nguoc va thuat toan don hinh
Nelder-Mead [8],[9], cac thuat toan tdi wu hoa
bay dan (Particle Swarm Optimization) [10],
[11] ciing duoc quan tdm nghién ctru, cho thiy
vu thé trong xtr 1y bai toan nhin dang nhiéu
tham s v6i khong gian tim kiém phi tuyén,
nhung cic phuong phap nay thuong doi hoi
khdi luong tinh toan cao, phu thudc vao viéc
lua chon tham sb khoi tao va co thé gap kho
khan vé hoi tu hodc 6n dinh khi ap dung trong
thoi gian thuc.

Mot sb nghién ctru gan ddy di mo rong
theo huéng nhan dang truc tiép cac tham sb
dong hoc cua dong co dién mot chiéu dya trén
dap Gmg mo-men [12], ddng thoi phat trién cac
cAu trac lai két hop thuét toan t6i wu hoa thong
minh nham cai thién do chinh xac va tinh 6n
dinh hoi tu [13]. Tuy nhién, kha nang trién khai
cac phuong phéap nay trén cac vi diéu khién chi
phi thip, c6 tai nguyén tinh toan va bo nhé han
ché, van chua duogc phan tich déy du. Bén canh
do, cac phuong phap c6 do chinh xac cao nhu
PSO thuong doi hoéi thoi gian xtr 1y 1on hon,
trong khi RLS phu hop hon cho thoi gian thuc
nhung c6 thé phai danh ddi vé do chinh xac. Bai
bao trinh bay mot phuong phép khoi tao lai, su
dung két qua tir RLS lam gia tri khoi tao cho
EKF, dugc xem 1a mot hudng tiép can phu hop
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cho bai toan udc lugng tham ) dong co dién
mét chiéu, vira co thé tan dung duogc uu diém
ctia RLS, dong thoi két hop duoc su thich tmg
v6i tinh phi tuyén ctia bo loc Kalman mé rong.
Bai bao dugc cu trac nhu sau: Muc 1 trinh bay
tong quan nghién ciru; Muc 2 trinh bay co s
ly thuyét, mo hinh dong co dién mot chiéu, méd
hinh ARX/MIMO va chién lugc khoi tao lai
RLS-EKF; Muc 3 phén tich két qua mé phong
va thuc nghiém,; cudi cung, Muc 4 trinh bay Kkét
luan va dinh hudng phat trién ciia nghién ciru.

2.COSOLY THUYET
2.1. Xay dung mo hinh ARX/MIMO

bong co dién mat chiéu ¢6 chéi than
dugc mo hinh hoéa dua trén phuong trinh mach
dién phﬁn ung theo dinh ludt Kirchhoff va
phuong trinh dong luc hoc quay theo dinh luat
Newton. So d6 twong duong cua hé duge minh
hoa trong Hinh 1, trong d6 phan dién va phan
co duoc lién két thong qua hang s strc dién
dong phan khang va hang s6 mo-men K.

Hinh 1. M6 hinh déng co mét chiéu c¢é chéi than

Theo mo6 hinh dugc minh hoa ¢ Hinh
1, dong hoc cua dong co dugc md ta bdi hai
phuong trinh vi phan (1):

il Ri—K

g L~ Ri~Ke) 0
do 1

3 Ki—be)

Trong do: u, i la dién 4p va dong dién
phan ung; R, L 1a di¢én tré va do tu cam phan

ung; , J, bla van tbe gdc, md men quan tinh va
hé sb ma sat nhét cia rotor. Pé phuc vu cho bai
todn nhan dang tham s6, md hinh ARX/MIMO
dugc xay dung dua trén roi rac héa phuong
trinh (1) v6i chu ky 1dy mau T :

k) — Ri(k) — Ka(k
SrCU 1? o (k)

i(k) — ba(k
310500~ bol)

i(k) — i(k— 1)
T

o(k) — o(k—1) @)
T,

y, (k)=
Vi

y, (k)=

Ttr phuong trinh (2), mé hinh duoc viét
lai dudi dang hoi quy nhu sau:

y(k) = ¢(k)0(k) 3)

Véi ma tran ngd ra y(k), ma tran hang
s0 0 va ¢(k) 1a ma tran hoi quy:

- [ 8-t R KK

2(K) L L L
k) i(k) o 0 0
009 =["09 100 @090 0

Khi d6, mé hinh duoc dua vé cau tric
MIMO véi dién ap phan tng 1a tin hiéu vao,
con dong dién phan tng va vén toc goc 1a cac
tin hiéu ra. Biéu dién nay tao co s& cho viéc ap
dung cac thuat toan udc luong nhu RLS, EKF
nham xéc dinh cac tham s6 vat 1y.

2.2. Phwong phap nhin dang tham s va
chién lwgc khéi tao lai RLS-EKF

2.2.1. Phwong phdp nhdn dang tham s6 RLS

Trude hét, RLS duoc st dung dé udc &
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luong véc-to tham sb cia mé hinh hdi quy. Quy
luat cap nhat dugc viét duoi dang:

B(l)=B(k — 1)+G()[y(k) — ¢ ()8 — 1)]
T
G(k)=P(k— 1) ¢"(W[I+6PE— 1o ()] (4)
P(9=; 1 ~ GUISGIIR(k— 1)

Vé6i 6 1a véc-to tham sb wdc luong,
G(k) 1a ma tran khuéch dai, P(k) 12 ma tran hiép
phuong sai, I 1a ma trdn don vi, A 1a hé ) quén
nam trong khoang A € (0,1]. Gia tri A cang gan
1 thi udc lugng cang on dinh, gia tri nho hon
giup thuat toan thich nghi nhanh hon nhung
nhay hon véi nhiéu.

2.2.2. Khdoi tao lai RLS-EKF

Dé cai thién chat lugng udc luong,
nghién ctru dé xuit st dung bo tham s6 so bd
tir RLS 1am gia tri khoi tao cho EKF nhu so d6
Hinh 2. Véi cach khai tao nay, EKF bat dau tir
mot mién nghiém sat gia tri thuc té hon, qua
d6 giam d6 nhay voi diéu kién khai tao va cai
thién kha nang hdi tu.

[ Brush DC motor |
ARXMIMO

RLKJ b 1oy |5 T !
Controller |—" I Armature )
Mechanical
L e
[i ] feedback
Recursive Least Squares } f?i"fi{%‘"_"’f’:’f’f‘i Extended Kalman Filter
L) X, [RLKJb]

Hinh 2. So d6 phirong phdp khéi tao lai RLS-EKF
nhan dang tham s6 dong co DC

Véc-to trang thdi m¢ rong duogc xac
dinh la:

x,(K=[ik) ok) R L K T bl

Gia tri khoi tao cho EKF duoc xac dinh

. B
X,0=11(0) ©(0) Rprs Lprs Kpis Jris bris] (6)
V6i mo hinh cip nhét trang thai x, va
mo hinh do y(x):

x, (k+1) = f(x, (10.0(1) + o(k), y(1) = bz, () + (k) (7)

Trong d6, w(k) va v(k) 1an luot 13 nhidu
qué trinh va nhiéu tin hiéu do, vong lip EKF
bao gém hai budc: du bao va hiéu chinh, véi
budc du bao dugce trinh bay nhu sau:

%, (k) = f(%,(k-1).u(k-1))
(k) =F(k-1)P(k-1DF (k1) +Q (®)

Trong do, F 1a ma trdn Jacobi cia ham
trang thai, Q 1a ma trdn hi¢p phuong sai cua
nhiéu qua trinh, budc hi¢u chinh dugc trinh bay:

K (=P (W H' (HP (W H'+R)
£, (=R, +K{k)(y(k)-h(%,(K)))
P()=(-K ()P ®)(I-KAH) +KWRKIK)  (9)
Véi cach khoi tao nay, EKF bt dau tur
mot mién nghiém sat gia tri thuc té hon, qua
d6 giam do nhay véi diéu kién khdi tao va cai
thién kha nang hoi tu.

3.KET QUA MO PHONG VA THU'C NGHIEM
3.1. Két qua md phéng

Dé danh gia cac phuong phap udce luong
tham s, nghién ctru tién hanh mé phong voi moi
truong MATLAB, trong do dir li¢u dugc sinh ra
tir mo hinh dong co dién mot chiéu dugc mo ta &
phuong trinh (1). Cac tham s6 thuc cua dong co
duoc Iya chon 1an luot 1A R =1.2Q, L=1.5x10° (H),
K =0.05, J = 5x10°(kg/m?), b = 2x10° (N.m.s/
rad). Thoi gian mo phong dugc thiét 1ap 13 2 s, véi
chu ky ldy miu L =T = 0.001s twong tmg 2001
mau dit lidu. Két qua udc luong tham sb cua cac

la: phuong phép dugc trinh bay trong Bang 1.
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Bdng 1. Két qua wée long tham sé va sai s6 twong doi ciia cdc phirong phdp

) Két qua wéc lwrgng Sai 6 (%)
Tham so Gia tri thuc
RLS RLS-EKF RLS RLS-EKF
R 1.2 1.238 1.197 3.13 0.25
L 1.50E-03 1.74E-03 9.94E-04 16.23 33.77
K 5.00E-02 4.98E-02 4.99E-02 0.32 0.18
J 5.00E-05 5.41E-05 5.09E-05 8.28 1.70
b 2.00E-05 3.09E-05 2.33E-05 54.50 16.67

Tir bang 1 ¢6 thé thiy rang RLS-EKF
cho két qua tét hon rd rét so v6i RLS trén hau
hét cac tham sb chinh. Cu thé, sai s cua RLS-
EKF d6i v6i R, K, va J 1an lugt chi con 0.25%,
0.18% va 1.7%, thap hon dang ké so véi RLS.
Tuong ty, véi tham s6 ma sat nhét b, RLS-
EKF cho sai s6 16.67%, nho hon dang ké so
voi RLS. Nhin chung, st dung nghiém so bo
tir RLS dé khoi tao cho EKF da gitp cai thién
dang ké chat luong wéc lugng tham sb so véi
hai phuong phéap con lai.

Bén canh do chinh x4c cua tham sd,
chat lugng nhan dang con duoc dénh gia thong
qua kha ning tai hién dau ra ctia mo hinh, bao
gdém dong dién phan tmg va téc do gbc. Hinh
3 va Hinh 4 trinh bay két qua so sanh giira dau
ra cia mo hinh thuc va dau ra cua cac mo hinh
udce lugng twong Gng voi cac phuong phap.

50
——MEAS RLS RIS-EKF ——MEAS RLS RLS-EKF|

Hinh 3. So sanh dong dién, t6c do mé hinh thuc va
mo hinh woc luong trong mé phong

RLS RLS-ERF — s} RLS RLS-EKF] |

Time ~H‘ “ " ! ’ d-[m.‘ \H
Hinh 4. Sai so dong dién va toc do goc cua cac
mo hinh woc luong trong mo phong

C6 thé quan sat rang mo hinh st dung
bo tham s6 tir RLS-EKF bam st dit lidu thuc
té hon ca & ca hai tin hiéu dong dién va tde do
goc. Nguoc lai, mo hinh dung tham sé tir RLS
van ton tai do 1éch rd hon tai cac giai doan bién
thién nhanh cua tin hiéu.

Dé danh gia dinh lugng, cac chi tidu
RMSE, MAE va FIT duoc tong hop trong Bang
2. Pbi véi dong dién, RLS-EKF cho RMSE =
0.02917, MAE = 0.01295 va FIT = 93.50%,
t6t hon so v6i RLS. Déi voi toc do goc, RLS-
EKF tiép tuc cho két qua tot nhat voi RMSE
= 0.1797, MAE = 0.08513 va FIT = 99.51%.
Cac két qua nay cho thdy phuong phap RLS-
EKF mang lai kha ning mé phong dau ra chinh
xéac hon, dong thoi bao dam tinh nhét quan gitra
tham s6 wéc lugng va dap tng dong ctia mod
hinh.
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Bdng 2. Chi tiéu danh gid dau ra dong dién va toc dé cia cdc phwong phdp

Phuong Dong dién Téc dd
phap RMSE MAE FIT (%) RMSE MAE FIT (%)
RLS 0.05177 0.04090 88.47 1.1100 0.68910 96.98
RLS-EKF 0.02917 0.01295 93.50 0.1797 0.08513 99.51
3.2. Két qua thwe nghiém Ponwer Supply

Dé xac thuc phuong phap thiét ké duoc
dé xuat, cac thi nghiém di duoc thyc hién tai
hé thong thir nghiém. Hinh 5 cho thay thiét 1ap
thi nghi€ém, trong d6 dong co DC MAE (thong
s6 k¥ thuat nhu trong Bang 3) duoc diéu khién
boi mot board vi diéu khién TMS320F28379D
duoc két ndi voi phan cimg 13 cac mach dién tur
cong suat va cac cam bién thong qua cac khoi
ngoai vi cua vi diéu khién. Chuong trinh cho vi
diéu khién dugc tao ra tir méi truong Matlab/
Simulink bién dich sang chuong trinh va nap
xubng vi diéu khién. Trong mdi trudng thuc
nghiém, dién ap cip cho dong co 1a 24VDC,
thoi gian ldy miu Ims va tan s6 PWM 1a 20
KHz.

D Mo & Eroder

& Embaklod Comndlcn

Hinh 5. M6 hinh thuc nghiém nhdn dang tham 56
dong co dién mot chiéu

Bang 3 cho thiy phuong phap RLS-
EKF tiép tuc cai thién do chinh xac udc luong
so v6i RLS d6i v6i hau hét cac tham sé. Cu
thé, sai s6 ciia RLS-EKF d6i v6i R, K, J va b
lan luot 12 6.57%, 0.08%, 0.55% va 4.28%, déu
thap hon so v6i RLS. D6i voi tham sb L, sai s6
ctia RLS-EKF van con cao va chua dugc cai
thién ro rét. Tuy nhién, xét tong thé, phuong
phap dé xuat van cho bo tham sb hop 1y hon.

Bdng 3. Két qua wée lwong tham sé thue nghiém va sai s6 twong doi

Két qua wée lwong Sai s6 (%)
Tham s Gia tri thuc
RLS RLS-EKF RLS RLS-EKF
R 1.2 1.350 1.279 12.51 6.57
L 1.50E-3 2.04E-3 2.14E-3 35.96 42.96
K 5.00E-2 5.00E-2 5.00E-2 0.097 0.08
J 5.00E-5 1.02E-4 4.97E-5 103.7 0.55
b 2.00E-5 2.82E-5 1.91E-5 40.88 4.28
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Bdng 4. Chi tiéu danh gid dau ra dong dién va toc dé cia cdc phwong phdp thuwce nghiém

Phuong Dong dién Téc dd
phap RMSE MAE FIT (%) RMSE MAE FIT (%)
RLS 0.3153 0.1034 40.76 9.16 2.924 88.96
RLS-EKF 0.0409 0.0127 92.32 0.5891 0.1811 99.29

Két qua tir Hinh 6, Hinh 7 va Bang 4
cho thiy rang: Péi véi dong dién, RLS-EKF
dat RMSE = 0.0409, MAE = 0.0127 va FIT =
92.32%, dbi véi toe dd goc, phuong phap nay
dat RMSE = 0.5891, MAE = 0.1811 va FIT =
99.29%. Cac két qua nay cho thdy viéc str dung
nghiém so bo tir RLS dé khai tao EKF khong
chi cai thién d6 chinh xac tham s6 ma con nang
cao kha nang mo ta dong hoc thuc cua hé théng.

——MEAS RLS RLS-EKF MEAS RLS HLS-EKF|

Hinh 6. So sanh dong dién, toc do gitta mé hinh
woc lwong va hé thuc trong thuc nghiém

&0
w5 mwm" { . s —wisexr

02 03 0l 02 03 04
Time (s T

Hinh 7. Sai s6 dong dién, t6¢ @6 mé hinh uéc
lwong va hé thuc trong thuc nghiém

Tir cac két qua trén co thé thiy phuong
phap RLS-EKF cho két qua cén bang hon ca,
vira cai thién d6 chinh xac tham sd, vira nang
cao kha nang tai hién dau ra mé hinh, diéu
nay cho thay chién lugc khai tao lai dé xuat 1a
phu hop cho bai toan nhan dang tham sb dong
co dién mot chiéu c6 chdi than. Viéc sir dung
nghiém so b tir RLS giup EKF bt dau tir mot
mién nghiém hop 1y vé mat vat 1y, qua d6 giam
d6 nhay véi diéu kién khdi tao va cai thién kha

nang hoi ty. Vi dac tinh nay, RLS-EKF 1a mot
lra chon c6 tiém ning cho cac hé théng nhan
dang va diéu khién dong co dién mot chiéu
trong cac tmg dung yéu cu vira c6 do chinh
xéc, vira ¢6 kha ning trién khai trén nén tang
tinh toan han ché.

4. KET LUAN

Bai bdo da trinh bay mdt phuong phap
khdi tao lai RLS-EKF cho bai toan udc luong
tham sd dong co dién mot chiéu dua trén mo
hinh ARX/MIMO bing viéc st dung két qua
udc luong so b tir RLS lam gia tr1 khoi tao
cho EKF, nham cai thién chét luong udce lugng
tham s6. Két qua thuc nghiém cho thiy phuong
phap RLS-EKF céi thién ro rét d§ chinh xac
udc lugng ddi voi cac tham sd R, K, J va b,
v6i sai sb twong dbi 1an luot 13 6.57%, 0.08%,
0.55% va 4.28%. Pong thoi, phuong phap
nay ciing cho chat luong tai hién dau ra tot
hon so véi RLS, voi dbi véi dong dién phan
ung dat RMSE (0.04086), MAE (0.01267) va
FIT (92.32%), ddi véi toc do goc dat RMSE
(0.5891), MAE (0.1811) va FIT (99.29%). Mac
du sai sb udc lugng cua tham s6 L chua duge
cai thién rd rét, két qua téng thé van cho théy
chién luge khai tao lai d& xudt co kha nang
nang cao hiéu qua nhan dang va la mdt lya chon
tiém ndng cho cac hé thong mé hinh hoa va diéu
khién dong co dién mot chiéu yéu cau do chinh
xéc cao va kha nang trién khai trén nén tang tinh
toan han ché.
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