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In the DC motor control field, the selection of the control hardware plays a
crucial role in achieving optimal control performance. This paper presented a
comparison, analysis, and evaluation of the DC motor speed control results
using microcontroller units such as TMS320F28379D launchpad
development kit board, STM32F407 discovery kit board, Arduino
Mega2560 development board. The studied group based on non-singular
terminal sliding mode control theory, which significantly reduced chattering
and shortened the response time to compare the classical sliding mode
method. The programmed control model designed using MATLAB/
Simulink software. The microcontrollers programmed with high-order
sliding controller with nonlinear sliding surface used in the experiment at
speeds lower than 130 (rad/s) with good response and eliminating oscillation
effects. However, the TMS320F28379D board has the best response in terms
of fast settling time and smallest settling error at the speed of 260 (rad/s).
Besides, at this referenced speed, the STM32F407 board also has good
response in terms of fast settling time and small settling error. On the
contrary, the Mega 2560 board has poor results in terms of settling time and
small settling error at the setting speed of 260 (rad/s).

SO SANH HIEU QUA CAC BQ VI BPIEU KHIEN TRONG UNG DUNG
PIEU CHINH TOC PQ PQNG CO DC SU DUNG GIAI THUAT TRUQT
BAC CAO VOI MAT TRUQT PHI TUYEN
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TU KHOA

Vi diéu khién

B6 diéu khién NSTM
Pong co dién mot chiéu
Matlab/simulink

Anh huéng dao dong

Trong linh vyc diéu khién dong co dién mot chiéu, sy lya chon phfin cung
diéu khién dong vai trd quan trong dé dat dugc hidu qua didu khién t6i wu.
Bai bao trinh bay néi dung so sanh, phan tich, danh gia hiéu qua diéu khién
tbe do dong co dién mot chiéu cua céc bo vi diéu khién nhu bo mach phat
trién  TMS320F28379D, bo mach STM32F407, bo mach phat trién
Mega2560. Nhém nghién ctru dua vao 1y thuyét diéu khién trugt bac cao véi
mit trugt phi tuyén, no gitp lam giam dang ké hién twong dao dong va rat
ngin thoi gian dap tmg so véi phuong phap diéu khién trugt cd dién. Diéu
khién 13p trinh md hinh dugc thiét ké trén phan mém MATLAB/ Simulink.
Céac bo vi diu khién duge 1ap trinh véi bo diéu khién truot bac cao v6i mit
trugt phi tuyén duge sir dung trong thi nghiém véi téc do thip hon 130
(rad/s) c6 dap tmg t6t va loai bo anh huong dao dong. Tuy nhién, bo mach
TMS320F28379D dép (g tot nhét vé thoi gian xac 1ap nhanh va sai s6 xac
1ap nho nhét tai tdc do 260 (rad/s). Bén canh d9, tai tbc do nay, bo mach
STM32F407 ciing dap tng tot vé thoi gian x4c 1ap nhanh va sai s6 xac lap
nho. Nguoc lai, bo mach Mega 2560 ¢ két qua khong tot vé thoi gian xac
18p 1a sai sb xéc 1ap nho tai tde do dat 260 (rad/s).
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1. Gi6i thigu

Pong co dién mat chiéu (dong co DC) dugc st dung rong rai trong robot va thiét bi dién. Do
d6, viéc kiém soat tdc do cua dong co DC rat quan trong va da duogc nghién ctru tir nhiing thap ky
trude. Nhin chung, cac hé théng dong co DC co dac diém khong chéc chan va  phi tuyén din dén
lam giam hiéu suat ctia bo diéu khién [1]. C6 nhiéu phuong phap didu khién téc d6 dong co dién
dd dugc nghién ctru voi cac ngoai vi cua cac bo diéu khién nhu TMS320F, Mega2560,
STM32F4xx, Raspberry pi... Thong qua tng dung thuét toan diéu khién PID duoc st dung rong
rii boi sy don gian, do tin cdy. Tuy nhién, qua trinh xtr Iy diéu chinh 1 kh6 khan cho viéc khong
thé diéu chinh céc thong s6 quy udc thuat toan PID [2]. Dé cai thién hiéu qua cac bd diéu khién
PID, mot s6 phuong phap dé xuat nhu bo diéu khién trang thai mo (FLC) [3], bd mang no ron
nhan tao lan truyen nguoc (RBF neutral network) [4], diéu khién mé hinh dy doan [5]...

Diéu khién truot (SMC) 1a phuong phap dé dugc sir dung ngay cang nhiéu trong cac thuat toan
wéc diéu khién hé thong bat dinh [6]. SMC c6 nhiing uu diém noi bat so véi cac phuong phap khac,
chang han nhu d6 nhay thip dbi v6i cac tham sé hé théng va kha ning chong nhiéu manh. Tuy
nhién, hién tugng chattering va diém ky di han ché cac ung dung thuc té cua diéu khién ché do
truot thong thuong [7]. Co nhiéu nghién ctru khéc phuc nhugc diém cua diéu khién truot dugc dé
xuat nhu: thay d6i ham Sign trong mit truot thanh ham Saturation, thay thé mat truot tuyén tinh
thanh mit trugt phi tuyén, két hop diéu khién trugt véi céc 1y thuyét dicu khién t6i wu [8]. Trong
d6, ndi bac nhat 1a phuong phép diéu khién truot v6i mat trugt Nonsingular Terminal Sliding Mode
(NTSM), ¥ tuong thiét ké mit truot phi tuyén voi ham mi cua bién trang thai, 1am tranh duogc diém
ki di, giam déng ké hién tuong chattering va rit ngin thoi gian héi ty cua bién trang thai [9]. Do su
phurc tap cua mat truot, doi hoi khoi luong tinh todn dang ké trong mot chu ky thoi gian ldy mau
diéu khién, chon bo dleu khién c6 1y thuyét diéu khlen NSTM la mot phuong phap tdi wu.

Trong nhirng nam gan day, cung voi sy phat trién khoa hoc cong nghe dac bit la cong nghé
ban dan, tbc do xur 1y, tinh toan cua cac bd diéu khién ngay cang dugc cai thién. Vi diéu khién xur
ly dwoc nhimng cdu Iénh tinh toan phtc tap hon, dong thoi sé lwong ngoai vi tich hop ngay cang
phong phu, 1am cho kha ning xir Iy cta cac ddi tuong ngdy cang mang tinh thoi gian thuc [10].
Trong cac b diéu khién nhang hién nay, nbi bac nhat 1a bo diéu khién Mega 2560, STM32F4 va
TMS320F duoc lya chon nhiéu nhét trong cac hoat dong nghién ctru, vi gia thanh thép va kha
nang lap trinh linh hoat, twong thich voi nhiéu tng dung diéu khién, dé dang thiét ké, tich hop
[11], [12]. Bai bao trinh bay ket qua nghién ctru so sanh mirc d6 dap Umg cua cac b vi diéu khién
trong 1y thuyét diéu khién cip cao, can thoi gian tinh toan I16n trong thoi gian ngan, do d6 mat
trugt Nonsingular Terminal Sliding Mode (NSTM) duoc lua chon, mit trugt NTSM dugc tng
dung nhiéu trong diéu khién tdc d6 dong co, va cac mo hinh chuyén dong khac, két qua nghién
ctru 13 co s& dé xac minh tinh kha dung cua thiét bj diéu khién nhing trong cac 1y thuyét didu
khién phtrc tap, doi hoi thoi gian tinh toan ngén.

2. Phwong phap
2.1. M6 hinh dgng co dién

Mach dién cta phan tng va so dd chuyén dong quay tu do cia dong co DC dugc trinh bay
nhu Hinh 1. Ap dung dinh luét Kirchhoff cho ph?m dién va dinh luat II Newton cho phﬁn co,
phuong trinh twong duong cua dong co DC:

{Li‘ +Ri te=v (1)
T — bo =Jo

Trong do:

K, héng s6 co; K,: hr:ing s6 dién; L: d6 tu cam; R: dién tro stator; v: dién ap cung cép cho
mach phan tng (stator); dién ap back-emf e = K,.i ; momen dién T = K,,.i; b: hé s6 ma sat nhot;
J: momen quén tinh tryc rotor; w: toc d9 rotor.

Tir hé phuong trinh (1), ta xac dinh dugc dao ham gia tdc goc:
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. (R+BL) . (KK, +bR) Km
=— - + = 2
@ JL @ JL @ JLV ( )

Tir trwomg
co dinhy

m Mach dién
v (7 phan tmg ¢
i
Phan chuyén dong

Hinh 1. So @6 mach dién phan img va phan quay dong co DC [2]
2.2. Thiét ké bé diéu khién

Sai s6 gitta gia tri toc do tham chiéu va gié tri thuc té dugc xac dinh

’ €] = Wy — O = €78 = Dyep — @ 3
Phuong trinh sai so:
el [0 1 7rer 0] 0
[éz] B [51 52] [ez] + [53 v [g] (4)
Trong do:
. . _ (KK, +bR). (JR+DL), K
&= wref_ 52 a),‘ef—él a)l‘efiélz_T’ 52:— 7L ,53:z

Mat trugt NTSM duoc chon nhu [9]:
s=eq+ye,P ®)

Trong dé: v 14 hang sé dé thiét k& bo didu khién (y>0), p va q la nhiing sé duong 1¢ thoa diéu
kiénp>qva l<p/q<2.

Néu mat truot NTSM dugc chon nhu biéu thuc (5), tin hiéu diéu khién duoc tinh toan nhu
biéu thirc (6) thi sai sb tbc d6 (3) co thé dat duoc e;— 0, e;— 0 & thoi gian hitu han, va duy tri &
mit truot s = 0, tin hiéu diéu khién dugc chon:

P
V =V, Fg VOI v, = — é <e +d;¢e; +5262+£ef J), Veq= — ksign(s) (6)
Chiing minh:
Xét ham Lyapunov V= 0.55°.

! E-1 -2
— 7= S§= S( ,+[ge( )ez):sﬂeq <é2+1e q))

’ q "’ py?
-1 2-2
:>V_ SS Sﬂe;] <8 + 51€1+52€2+53(Vn +veq) +i€2 q)>
py

y -1 y G0
=S;ezq (= hsign(s)) = ?ef 93 (=kllsl)

q

) .
Vi gia tri: ’gez 03 > 0.Khi d6, thong s6 hiéu chinh k dugc chon sao cho: —£||s|| < 0.
Vi thé ta duoc: V< — k||s||< 0 Khi [Is]|£0
Diéu nay c6 nghla 1a sai s6 toc d6 & phuong trinh (3) dat duwoc mit trugt s = 0 ¢ thoi gian hiru
han, va ca hai bién trang thai e;,e, —0 & thoi gian hitu han.
2.3. Xdy dwng mé hinh thwc nghiém

Mo hinh thyc nghiém dugc xay dung trén 3 b‘(f) diél} khién khac nhflu (Mega2560,
STM32F407, TMS320F28379), dung chung mot h¢ diéu khién dong co bao gébm: board cong
suat IRF3205-36V/30A, nguon mdt chiéu DC c¢6 thé hiéu chinh dugc 30V-15A.
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EEE—

Khéi nguén
cdng suat
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Vi diéu khién
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Board
cdng suat
—

Pong co dién

Hinh 2. M6 hinh thuc nghiém

Chuong trinh diéu khién dugc chia 1am hai phan:

- Phén 1 (Hinh 3a): phan bién dich nap vao vi diéu khién, trong phan nay ngoai cac khéi co
ban tinh toan sb sin trong Matlab/Simulink dé thiét k& 1y thuyét diéu khién truot dya trén mit
trugt NTSM, phdn ndy con bao gom cac khdi ngoai vi dugc tich hop cai dit thém trong moi
truong Simulink.

- Phan 2 (Hinh 3b): phan dung dé diéu khién phan ctng tir may tinh khi sir dung phan mém
Matlab/Simulink, khéi chuong trinh nay 1am nhiém vu truyén gia tri toc d6 tham chiéu, tin hiéu
khoi dong hé théng diéu khién, dong thdi nhan tin hidu gia tri toc d6 dong co do duoc tir vi diéu
khién thong qua chuan truyén thong UART (38400 bauds).

Motor Control Panel

w0 Stop (D Stan
ADC_UART Intarrupt Vactor
il o Speed =N
Dasired Speed Input Data  Desired Spead Spead_ref Real Speed
o | o el ]
Setup

Global Variable Serial Receive Convert Data Nonsingular_Terminal_Sliding Mode

Host Serial Setup Serial Communication scope

a) b)

Hinh 3. So a6 khoi phan chuwong trinh thic nghiém:
a) Phan bién dich nhung vao vi diéu khién, b) Phan diéu khién

3. Két qua
Két qua thuc nghiém dugc thyc hién trén dong co c6 thong s6 nhu Béang 1.

Bang 1. Thong sé ciia dong co thue nghiém

Théng s6 Ki hiéu Giatri_ Pon vi Théng sb Ki hiéu Gia tri Pon vi
bién trd dong co R 1,6 Q  Dién ap dinh mirc U 24 Vv
Do ty cam dong co L 572 mH  Hé s6 back emf K 0,011 Virpm
Momen guan tinh J 4,3e-4 Kg.m? Encoder ) 200 Xung/vong
Toc do dinh mac ® 3200 rpm  HE so giam chan b 0,5e-5  N*m/(rad/s)
300 | - ‘ —NTSM|
BNV WEmm T T e e | e SLM
— == SLM o
%200 / \ —NTSM £200
g / =-ref ]
@ 400 =T 5 100
) 4
0 i - 7o
0 05 U Tin8s 2 25 3 0 05 U TS 2 25 3
a) b)

Hinh 4. Padp g téc Q‘é dong co khi diéu khlr'é’n' voi hai mat trwot khdc nhau:
a) Toc dé dong co; b) Sai so toc do dong co
Pé ching minh duwoc phuwong phap truot dya trén mat trugt NTSM c6 kha ning loai bo
chattering so voi phuong phap trugt c6 dién. M6 hinh thyc nghi€ém dugc thyc hién trén b dieu
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khién TMS320F28379, téc do tham chiéu 260 (rad/s), véi thong s6 bo diéu khién trugt NTSM:
p=35q9=37=0001k=120;, u=0,6; thong s b trugt cb dién k = 54.

Két qua thé hién phuong phap diéu khién truot sir dung mat trugt NTSM nhu Hinh 4 loai bo
dang ké hién tuong chattering cua 1y thuyét diéu khlen truot ¢ dién, dong thoi rat ngan thoi gian
dap tng (khoang 0,7s) so v6i phuong phap truot co dién 1a 1s.

bé chimg minh dugc kha néng diéu khién cac bo vi dleu khién, phuong phap thuc nghiém dugc
thyc hién bang cach cho tdc do dong co chay V01 ba cap toc d6 khac nhau véi ciing mot thong sd
ctia bo didu khién, trén cung mot board cong suét, nguon cap va dong co dugc trinh bay nhu Hinh
5. V6i cac thong sb didu khién board Mega2560 (p= 7, ¢ =5, y=0.03, k=530, u=1.4), STM32F407
(p= 3,.q =3,y=0.005, k=78, u= 3.2), TMS320F28379 (p= 5, ¢ =3, y=0.001, k 120, U= 0.6).

100 ¢
{ —TMS320F|

E = -Arduino
—TMS320F -l - STM32F4
- -Arduino =
- STM32F4 S50
=--ref w v
T
(3]
& o
1 15 2 25 3 0 0.5 01 _15 2 25 3
Time(s) Time(s)
a) b)

Hinh 5. Ddp itng toc dé dong co o toc dg thap (98 rad/s): a) Toc do déng co, b) Sai sé toc dg dong co

Khi gia tri téc do dat 98 (rad/s) ta thiy ca ba bo diéu khién déu c6 két qua dap ung tot nhu
Hinh 6, trong do bo diéu khién sir dung Arduino Mega2560 (dudng nét gach ngang) c6 sai s6 xac
1ap 16n nhat (khoang 5 rad/s), nhung dat duoc thoi gian xac 1ap tuong dbi nhanh, bo diéu khién
STM32F407 (duong nét charn) ¢6 sai s6 x4c 14p nho hon va thoi gian xdc 1ap gidng v6i bo diéu
khién Arduino, b diéu khién TMS320F28379 (duong nét lién) c6 sai sb xac 1ap nho nhat va gia

tri diéu khién bam sat gia tri toc d6 mong mudn.
150

N
[<2]
o

| i i - -Arduino
"""""""""" » -~ STM32F4
- LT - -Arduino 4 o
3100 e —TMS320F §105] TMS320F
g - STM32F4 T |
\'8‘ —--ref g |
o) | E————— w
@ 3
[ I e S PP
Q. b LGB LE SR RS,
n
O u} L I I I
0 0.5 1 1.5 2 25 3 0 0.5 1 . 1.5 2 2.5 3
Time(s) Time(s)
a) b)

Hinh 6. Pdp vng téc do dong co o téc dop thcfp (130 rad/s): a) Téc dé dong co, b) Sai 6 toc dong co

Khi gia trj toc do ddt 130 (rad/s) ta thiy by diéu khién STM32F407 (duong nét cham) va
TMS320F28379 (dudng nét lién) déu dap tmg tot, voi thoi gian xac lap nhanh va sai s6 xac lap
nhd, trong khi bg di€u khién Arduino (duong dau gach ngang) co6 thoi gian xac 1ap tuwong doi 16n

va ton tai mot gia tr1 xac lap 16n (3 rad/s) dugc trinh bay nhu Hmh 7.
300 300+

JE— —TMS320F|
> STM32F4
e . A STM32F4 S
A0 B200
oS —TMS320F o
_?, = - —-ref 16"
o f | =
o (100 -
2 3
? g
»n 0
1 15 2 25 3 0 0.5 1 15 2 25 3
Time(s) Time(s)
a) b)

Hinh 7. Pdp iing toc dé dong co 6 toc dj thap (260 rad/s): a) Toc dé dong co, b) Sai sé toc do dong co
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Dé diéu khién dong co DC voi gia tri tbe do dit 260 (rad/s), bo STM32F407 st dung chic
nang DMA (Data Memory Access) va bo TMS320F28379 c6 module Quadencoder cho phép doc
xung tdc do cao, do d6 con kha nang diéu khién dap tng tot. Két qua cho thiy ca hai c6 kha ning
diéu khién téc d6 dat dap tmg & thoi gian 0.6 (s), dong thoi sai sd xac 1ap rat nho (khoang 2
rad/s), hién tugng chattering gﬁn nhu bi triét ti€u. Ngoai trir, bo Mega 2560 khong thé diéu khién
voi dap ung gia tri dat 260 (rad/s).

4. Két luan

Trong bai bao nay trinh bay két qua so sanh ciia ba bo dicu khién Mega 2560, STM32F407,
TMS320F28379 trong tng dung diéu khién téc do dong co dién, sir dung ly thuyét didu khién
truot dua trén mat trugt phi tuyén NTSM. Két qua nghién ctru ching minh ca ba bd diéu khién
déu dap ung tdt v&i mat truot méi, loai bo duge hién tuong chattering khi diéu khién dong co voi
tdc do thap (<130 rad/s). Bén canh do6, khi diéu khién & toc do cao thi bo TMS320F28379 to ra
vuot troi hon do tich hop nhiéu ngoai vi chuyén xir ly cho chirc nang déc thu (eQEP). Ngoai ra,
viéc sur dung tinh nang DMA ciing la giai phap dé toi wu thoi gian xur 1y cia vi diéu khién. Vi
viy, cac tmg dung diéu khién vé6i cac phuong phap diéu khién hién dai v6i do chinh xac cao thi
chon bo TMS320F28379D hodc STM32F407. Bén canh do, cic yéu cau diéu khién hién dai
khong can do chinh xac cao thi sir dung bo Mega2560 véi chi phi thap.
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