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ABSTRACT

In closed-loop control systems for motors, a current controller is usually designed as the inner loop
while the outers are the speed and the position controllers. Therefore, the current controller usually does not need
boundary conditions. Most of these controllers are currently operated on software, resulting in lots of computational
volumes, complex algorithms and slow responses. To overcome these drawbacks, the current controller should be
hardened to increase the responsiveness and reduce the load on the CPU. The goal of this paper is to present the
allowance of FPGA technology for users to design hardening of the flow controller regardless of the CPU scan
cycles. Experimental and simulation results show that the design of current controllers based on FPGA response
meets the response requirements.
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Thiét ké bd diéu khién dong
\%

Khoa Ky thudt va Cong nghé, Truong Pai hoc Quy Nhon, Viét Nam

Ngay nhan bai: 12/11/2019; Ngay nhan dang: 15/12/2019

TOM TAT

Trong hé thong diéu khién vong kin cho dong co, khau diéu khién dong dién thuong dugc thiét ké 1a vong

trong cling, bén ngoai 1a cac vong tée do va vi tri. Vi vay, vong diéu khién dong dién dap tmg dau ra thuong khong

can cac diéu kién bién. Hau hét cac bd diéu khién hién nay, ba vong nay dugc thuc hién trén phﬁn mém, dan dén

khéi luong tinh toan nhiéu, thudt toan phuc tap va lam qué trinh dap timg cham. Do do6, bo diéu khién dong duoc

thuc hién cimg hoa nham ting kha ning dap tng va giam tai cho CPU la muc tiéu bai bao nay. Cong nghé FPGA

cho phép ngudi ding c6 thé thiét ké cing hoa bd diéu khién dong ma khong phu thude vao vong quét CPU. Két

qua md phong va thuc nghiém cho thay bo diéu khién dong dién trén FPGA dap tmg dugc yéu cau dé ra.

Tir khéa: B diéu khién dong, FPGA, diéu khién dong co, phan cirng, phan mém.

1. PAT VAN PE

Trong cac h¢ truyén dong dién, bo diéu khién
dong dién dugc thiét ké & vong trong cling, bén
ngoai la cac mach vong tde d6 va vi tri.'? Trude
day diéu khién dong dién phan 16n duoc thyuc
hién b::ing cac thuat toan phﬁn mém dua trén 15
vi xtr 1y.'2* Trong nhimg nam gan day, FPGA di
dugc tng dung vao linh vuc diéu khién. Nhiéu
nghién ctru da st dung FPGA nham giai quyét
cac yéu cau toc do, tinh dong thoi cho cac ciu
trac diéu khién.>” Cac cong trinh nghién ciru trén
cho thay van con vai han ché trong diéu khién
nhu thuat toan phirc tap, xtr Iy nhiéu vong lap,
chat lugng diéu khién phu thudc vao thuat toan
lap trinh va khong cho phép thay déi tai ciu
triic cac thuat toAn mai trén bd diéu khién hién
c6. Bén canh d6 FPGA budc dau sir dung trong
nghich luu da béac,® diéu khién hién dai ADRC®
va nhidu tmg dung khac...1%1112 C4c két qua mo
phong ciia cac bai bao trén cho thiy budc dau
dua FPGA vao tng dung trong diéu khién. Két

‘Tac gia lién hé chinh.
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qua mo phong' cho thay hiéu qua tbt khi dé xuat
FPGA thay cho DSP. Con tai liéu'? cling hudng
dén sir dung FPGA cho diéu khién dong co. Tuy
nhién, viéc lya chon vong diéu khién nao trén
phan ctg, phan mém dé mang lai hi¢u qua nhat;
hay cac két qua thuc nghiém trén phan clng
chua duoc dé cdp cu thé trong céc tai liéu trén.

Dé tiép tuc trién khai hudng di cta cac
cong trinh trén, tac gia d& xuat thiét ké bo didu
khién dong dién trén phan cimg dua trén nén
tang FPGA nham ting kha ning dap ung dong
dién va giam tai cho CPU khi thuc hi¢n diéu
chinh ty dong.'* Dua trén kién trac khau diéu
khién dong dién 1a PID duogc sir dung trong cac
bd diéu khién hién nay mé ta nhu Hinh 1:'5'8

Set Vahe £it)

; PD Hu 8 System Jgﬂ
el 30

Feedback ath

Hinh 1. D& xuit cdu trac khau didu khién dong dién

theo tai liéu!’
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2. NQI DUNG NGHIEN CUU
2.1. Pé xuit khiu diéu chinh dong dién

Ciing nhu nhitng cong trinh trudc day khau diéu
khién dong dién thuong dugc lwa chon PI (1)
va chiing dugc thiét ké bang thuat toan mém. "5
Trong bai viét nay, tic gia st dung nguyén ly
phuong trinh sai phan dé xdy dung khau diéu
khién dong dién PI (Hinh 2) tir mo ta (1):
t
u(t)=k, *e(t)+k, * j e(r)dr (1)

0

Trong do:
Sai lech e(?) = e(1) = r(1) — y(1)

Khuéchpai | P70 !
rit)+ eft) (kp)

Actual
y@) |

aft)

+

ki*[ e(t) dt

Khuéch dai j’
> (ki) .

Hinh 2. So d6 khdi khau PI thyc hién theo phwong
trinh sai phan (1)

Thuec hién sb hoa trong mién z ctia phuong
trinh (1) ta co:

U(z)= {kp + " ki - }E(z) )

UGz)-z"U(z) =k, -2k, +k|EG) @)

Phuong trinh sai phan ciia bo diéu khién
nhu sau:

u(k) =u(k —1)+k,e(k)—k,(e—1)+ke(k) (4)

Nhu vay, khau PI s6 dugc nhiéu cong
trinh nghién ctru str dung 1am bo diéu khién dong
dién trong cac img dung phan mém va mo ta theo
phuong trinh sai phan (4). Vi vdy, cu tric nay
dugc lya chon thiét ké bo dicu khién dong dién
trén phan cting ctia FPGA cho dong co.

2.2. Xay dung khau diéu chinh dong dién

Ap dung cho h¢ théng diéu khién dong dién tir
phuong trinh tong quat PID s6 (5).45

15!
v gl

Viét lai dudi dang (6) va mo ta Hinh 3:

-1 -2
a,+az +a,z

D(z) = (©)
l1+bz" +b,z"
Trong do:
T 7 2t
ao:Kp(lJr:Jde; aI:KP(1+Td);

1

a, :KPTTd; b =-1

Hinh 3. So d6 khéi khau PID s6 tong quat
Tir (4), ta c6 phuong trinh sai phan téng
quat sau:
u(k)=u(k -1)+aye(k)+ae(k-1)+ae(k-2) (7)

Thuc hién tuong tu cho cac cAu trac diéu
khién kinh dién.

D(z)=— =" ®)

u(k) =" a,e(k - j)= Y bu(k—j) ©
=0 j=1

bat: M, =-br(k-1)-b,r(k-2);
M, =ar(k-1)+a,r(k-2).
Khi do:
r(k)=e(k)+ M, (10)

u(k)=ayr(k)+M, (11)
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Va luu d6 thuét toan tong quat khi lap
trinh (chwong trinh ISR trén ca phin mém va
phan cimg) dwoc mé ta nhu Hinh 4. Nhu vay,
thuat toan nay cho phép ap dung cho moi cau
tric diéu khién so.

Bit ddu ISR v
Tinh toin diu ra
ve=aghe + My
Poc diém
setting Sy, Vi
Cip nhip gid tri
h 4 Tp2 =T, Tl =Tk
Tinh todn diu vio M; =-biTe - bare
a=S-Vi M; = ajreq +amya
n=et+tM

y
Két thiic ISR

Hinh 4. So d6 thuat toan bo diéu khién PID sb

2.3. Biéu dién h¢ théng diéu khién sb trén

ph?ln mém

Dé didn ta mot cach cu thé, tac gia dé xuét bai

toan tong quat véi ham truyén sb bac hai ciia dbi

tuong, c6 cac h¢ $6:
a,=2.38.10%,a,=4.76.10%,a,=2.38.10%;
b, =1;b,=-1.903; b, = 0.9048.

Khi d6, ham truyén s6 duoc mo ta nhu sau:
2.382% +4. 2.
D(z)=10". 3282 +4.76z+2.38

22 —1.932+0.9048

(12)

Ta c6 ham truyén vong hd voi bo dicu
khién PID s0 nhu sau:

U(z) z+1 z—1
H(z)= =Gp+G,—+G 13
(2) E@ Ot 13)
Hay
U(2) 1+z7" 1+z!
Hz)=——=G, +G G 14
@ E@z T T1-z' P1-ct! (14
Trong do6:
T
Gp=Kp; GIZKI?Sﬂ
— 2KD . C_Ts_zTF. (1)
) T +2T,°

Trudc tién, ching ta xdy dung bd didu
khién dong dién trén phan mém Matlab cho dbi
tuong diéu khién trén. Bo diéu khién sb v6i chu
ky trich mau T =0.1ms, T, = 0.142 kich thich dau
vao la ham budc nhay (Step), gia tri dat lar=1.

Két qua mo ta trén Hinh 5 1a hé chua c6
bd didu khién s nén dap ing déu ra 0.05/1 (dau
vao la 1) hé chua xéc lap 6n dinh.

Déi véi vong hé chwa co bé diéu khién

0.05 : ) :
T B N o W -
T e
g Oy
& 0025F-------f- e f e frss frmeiaiay |
- | | | s a ;
0.01
0.005 :
l30 05 1 1:5 2 25

Th&i gian (s)
Hinh 5. Két qua mo phong khi chua c6 by PID
B diéu khién dong dién cu thé khau P sb
duoc dua thém vao hé théng, két qua nay dugc
thé hién trén Hinh 6. Dap tmg dau ra 0.63 so véi
kich thich dau vao 1, hé chua 6n dinh & trang
thai xac lap.

{D5i véi vong kin c6 bé diéu khién Kp =35

1

iy o W e PR SR
R e

8 j | j
] e e A,

m : : ‘
0.4____.. .., S ————— - L g 1| (S g
07 pesderesaiay ‘ _____________ , _____________
sild ! PN S AP
% 05 1 15 2

Thoi gian (s)

Hinh 6. Két qua mo phong khi sir dung P
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Tuong tu, cac bd didu khién PI, PID s
cling duoc thuc hién cho hé théng nay. Bang két
qua t6i wu bd diéu khién PID sb trén Matlab, ta
tim dugc diém 6n dinh cho hé thong diéu khién
Hinh 7 ung voi khau PI s6 va Hinh 8 tng véi
khau PID sb. Két qua ca hai truong hop déu
6n dinh xac lap tai thoi diém 1.6s va gia tri dat
dugc cac hé s6 Kp = 35; Ki = 102; Kd = 0.29;
Ts = 0.0001s.

Daéi véi vong kin co bé diéu khién PD

Kp=35, Kd=102
1.5 .
S i
g |
[ H
© :
[+7] : : :
(T S — S— HRSSSRRE: S—
% 05 1 15 2
Theoi gian (g)

Hinh 7. Két qua mo phong khi sir dung PI

Péi v&i vong kin cé bé diéu khién PID
Kp=35.3675, Ki=102.2398, Kd=0.29161
1.5 T T :

Bién dé

0 05 1 15 2
Théi gian (s)

Hinh 8. Két qua mo phong khi sir dung PID

Nhan xét: Khi thuc hién thuat toan diéu
khién (Hinh 4) trén phan mém, hé thong diéu
khién PID sé v6i d6i twong tong quat cho két qua
t6t, hé thong dap ung on dinh khi t6i uu hoa cac
hé s6 Kp, Ki, Kd.

Viéc mo phong 6 cac ché do cua bd diéu
khién tir P, PI, PID dé chi ra rang bo diéu khién
dong dién nam trong ciing c6 thé thyuc hién khau
PI van ¢6 thé bao dam d6 6n dinh, rat ngfm thot
gian thyc hién va giam bo nhd so véi bg PID khi
xay dung trén phan cimg.

2.4. Xdy dung bd diéu khién dong di¢n trén
phan cirng cia FPGA

Nhu d3 dé cap trong phan dau, bo diéu khién sb
dugc xay dyng trén nén ting FPGA nhim giam
tai vong quét cia CPU & cac thuat toan mém,
tang kha nang d4p tmg cho cac vong diéu khién
ngoai. Nhu di dién ta trén Matlab bo diéu khién
dong dién chi can khau PI hodc PID ciing mang
lai hé théng on dinh cho vong trong. Vi vay,
khau diéu khién dong dién PI dugc thuc hién
ctimg hoa dua trén nén tang FPGA theo phuong
trinh sai phan.

Tu (12), phuong trinh sai phan dugc mo ta
trong truong sd nguyén cia FPGA:

10. y(k) =1903.10* y(k —1)—9048.10° y(k —2) +

(16)
+238u(k) + 476u(k —1) +238u(k —2)

Trong do: e(k) =r(k)—y(k) a7

Trén Hinh 9 13 mot phan két qua cia hé
thdng diéu khién xdy dung trén nén tang FPGA
dwa trén phuong trinh sai phan (16) gom dbi
tuong diéu khién duoc cho trong (12) va bo diéu
khién s6 PI, ngon ngit 1ap trinh phan ctng cho
FPGA 1a Verilog.
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[
>

-

pos_prev[2][0]

*

pos_prev[2][1]

—> y(31..0]

pos_prev[2][2]

3100
pos_prev[3][0]
= 0S_preve63
[*]
1'h0 1
pos_prev{3][1]
- 05_prev~62
0
1'h0 1
pos_prev[3][2]
05_preva61
0
1hoa
pos_prev[3][10]
p10 - &os ;_ preve53
o

*

pos_prev[2][10]

Hinh 9. Mot phan cu trac hé diéu khién sir dung bo PI s6 xdy dung trén nén taing FPGA

Sau khi xay dyung hé thong diéu khién véi
khau diéu khién sb PI cung hoa trén FPGA, tac
gia tién hanh mé phong két qua trén phan mém
ModelSim cua Altera véi chu ky CLOCK la
0,1ms (trong thyc té hé théng nay cho phép mo
phong 1én dén 1ps), gia tri ddt r = 100 (s6 nguyén
khi thuc hién trén chip). Két qua dugc chi ra trén
Hinh 10 (a-tong thé, b 1a phong 16n) cho thay hé

Nave - Default

a0 8 8

-

e

b
5

3
e

e
L

oonnoni

I

Cursor 1 |722 ms |

thong 6n dinh xac lap & thoi gian 41ms véi gid tri
dau ra xac 1ap y = 100 twong tng gia tri dau vao
dat r = 100. Néu so sanh véi viéc mod phong trén
Matlab thi sé chu ky dé dat dugc gia tri xac lap
6n dinh thi ¢ day dap tmg nhanh hon nhiéu. Diéu
d6 nho vao hoat dong doc 1ap cia bo diéu khién
duoc thiét ké ctng, chung khong phu thudc vao
cac vong quét cua CPU.

d HI-HH—HHIH—HHHPII"PMHFHHHFIMI

HEEEEEE HHH HELEEE
EHEREEHEHECHERECE

{13

FELEREEREEERBEEEE

i i e A )
HHHHIHHHHIHHHIIHHIIIHIHHH\IHH!HH!H\IIIH TN

L fftoncioe
el

REIEEEHELHERBLERELE

Cursor 1 10,9 ms

Hinh 10. Két qua mo phong hé thong khi xay dung bo diéu khién sb trén FPGA
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Nhu vay, ta thiy thuc hién bo diéu khién
trén phan ctng va phan mém déu cho két qua
ctia hé thong 6n dinh va xac 1ap trang thai dap
ung déu ra. Déng thoi toc do 1am viéc cia bd
diéu khién PI s dugc xay dung trén phan cling
(Hardware) phu thudc vao tdc do Clock cua
FPGA ma khong phu thudc vao chu ky vong
quét cia CPU nhu trudc day.

2.4. Xay dung hé thong thye nghiém

Uu diém ciua FPGA trong viéc thiét ké phan
cimg mot cach dé dang va kha ning tai cau tric
phan cimg nhiéu lan hay cho phép nguoi ding
thay d6i cdu triic b diéu khién ngay ca khi dang
hoat dong. Trong ndi dung muc nay, tac gia thuc
hién cau hinh thuc nghiém bo diéu khién dong
dién (PI) trén nén tang FPGA chip Cyclone V
SCSEMASF31C6 cua hang Altera. Thuc nghiém
nay dugc thyc hién trén KIT DelSoC. Sau khi
thiét ké bang ngon ngir Verilog, ta tién hanh bién
dich dé tao file.sof chira chudi Bitstream (nhi
phan) cau hinh cho FPGA. Déi v6i KIT DelSoC
cau tric SCSEMASF31C6 chia lam hai phan:
mot 12 16i mém ARM, hai 1a FPGA ¢ day file.
sof chi cdu hinh cho phan FPGA (phan bén phai
cua Hinh 11).

[ ey, “TREEETE Mo TG Bl e 0% (el
i} e
= | ™ Doz Owdam | e Mupae  wh Gak B
[ e | | pone g 0 g o4 O
! | ot flegevktienda . soEMAEI WGIAGE IR £ O ) o
B ampeen
(o]
(Rt
Goewre |||
. i
Twm |||— —
SCIBMS
o

Hinh 11. C4u hinh phan cing trén chip Cyclone V
SCSEMASF31C6 - KIT DelSoC Altera

Sau khi cdu hinh thanh cong trén phan
cung FPGA, hé théng duogc chay thuc trén
KITDelSoc va do dat ddu ra trén oscilloscope
thong qua cac chan dap ung dau ra “y”. Két qua
Hinh 12 13 qua trinh tong thé va thoi diém qua
trinh qua d¢ Hinh 13.

TeK,.,.. b 8500

I Pos: 64.40ms CH1
: : Coupling
B Lirnit
40MHz

i Inveert
.
BHT Y TR oV Sms CHI 7 ~Ta0my

<10Hz

Hinh 12. Két qua thyc nghiém hé thong diéu khién

Te M Pas: =20.00ms CH1

---------------------------------------------

Coupling
B Lirnit

40MHz
Yolts/Div

Probe
108
Woltage

Invert
CH1 ./ -160mY
<10Hz

B e T S
Hinh 13. Qua trinh qua do cta thyc nghiém

Pé dé dang biéu dién trang thai dap Gmg
dau ra, ta tiép tuc tién hanh thay doi tan s hién
thi biéu dién cac két qua thuc nghiém khi truy
xuét cac sd ligu thyc nghiém tu file.xls trén
oscilloscope dién tir va xdy dung biéu do nhu

Hinh 14.

120

100 —W
80

-y

—k— Step

1 2 3. 4 5 &£ ¥ 8 9 1011

[}

Hinh 14. Biéu dién hé thng dap ung dau ra “y” va
kich thich dau vao tir cc s liéu thuc nghiém

Mot lan nita, két qua thuc nghiém cho thy
viéc xay dung bd diéu khién dong dién trén nén
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tang FPGA 1a hoan toan phu hop hudng nghién
ctru trong tuong lai va tién dén tmg dung trén cac
thiét bi diéu khién thwong mai.

3. KET LUAN

Véi ndi dung thuc hi¢n ¢ trén, bai bao da dua ra
dugc cac van dé sau day: Dé xuat xdy dung bo
diéu khién dong dién (cu thé PI, hoic PID) trén
nén FPGA 1a hoan toan hop 1y. Viéc xay dung bo
diéu khién dong dién trén phan clng gitp giam
tai cho CPU va ting kha nang dép tng, rit ngan
thoi gian thuc hién diéu khién.

Bang két qua mo phong trén phan mém
ModelSim va thuc nghiém trén KITDelSoC cho
két qua dap tng tot, thoi gian xac lap nhanh,
khong phu thudc vao chu trinh phan mém.
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