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Tom tit - Bai bao trinh bay nghién ciru phén tich va so sanh
hiéu niing hai phwong phap diéu khién cho hé théng diéu khién téc
dd dong co' mét chidu (DC): diéu khién PID va diéu khién logic mo
(Fuzzy Logic). Hé thong dwoc mé hinh héa tir phwong trinh vi phin
vat Iy ciia dong co' DC va xAc dinh ham truyén béc hai tir s6 lidu
thuc nghiém. Cac thuit toan dwgc xiy dung va moé phéng trén
Matlab/Simulink dé dénh gia chat lwong dap tmg theo nhidu tiéu
chi ciing lic: qua diéu chinh, thoi gian qua d9, sai s6 xac lap, kha
ning chéng nhiéu va kha niing thich nghi khi tii thay ddi - ca dinh
tinh In dinth lrong. Két qua cho thdy PID c6 céu tric don gisn,
hiéu qua t6t v6i ddi twgng tuyén tinh, song han ché khi tai bién dbi
16m; Fuzzy Logic cho dip tmg tron hon, sai sé nhé va kha ning
chéng nhiéu vurot trdi, dic biét trong didu kién phi tuyén.

Tir khéa - Péng co DC; diéu khién PID; Fuzzy Logic; truyén
déng dién; diéu khién toc dg; Mo phong; Matlab/Sinulink.

1. GIOI THIEU

Bong co dién mét chiéu (DC) dugc sir dung rong rai
trong cac h¢ thong truyén dong cong nghiép nhd cau tric don
gian, de diéu khién, mé men khoi dong lon va kha nang diéu
chinh tdc do linh hoat trong dai rong. Cac (g dung dién hinh
bao gdm bang tai cong nghiép, may cit kim loai, robot cong
nghiép, thiét b y té va hé thong tr dong hoa toa nha.

Dé dam bao chit luong truyén dong, viée lwa chon
chién luoc didu khién phu hop dong vai tro quyet dinh.
Diéu khién PID ¢6 wu diém vé cdu triic don gian, dé chuin
hoéa, phit hop v6i hé théng tuyén tinh, song han ché khi d6i
tugng co tinh phi tuyén hodc tham sb thay ddi theo thoi
gian [1]-[3]. Piéu khién Fuzzy Logic dua trén 1y thuyét
tap mo va luat diéu khién ngon ngir ty nhién, cho phép xir
1y t6t hon cac ddi twgng phi tuyén va bét dinh [4], [5].

Bai bao nay phan tich va so sanh hi€u nang hai phuong
phép trén cing déi tugng dong co DC, sir dung ddng thoi
nhiéu tiéu chi danh gia (sai s, nhiéu, thich nghi...) ca dinh
tinh va dinh lugng, trong céc diéu kién: tai 6n dinh, c6
nhidu va tham s thay doi.

IL. LUQC SU NGHIEN CUU TRUOC

Diéu khién tc do dong co DC da duoc nghién ciru
rong rdi trong nhiéu thap ky Bose [1] va Sen [2] x4y dung
nén tang 1y thuyét cho diéu khién truyén dong dién, trong
d6 PID la phuong phép kinh dién duoc tng dung phd bién
nhit. Astrom va Murray [3] hé théng hoa 1y thuyét phan
hdi va cac ky thuat chinh dinh tham s PID. Skogestad [6]
va O'Dwyer [9] phat trién cac phuong phép chinh dinh
PID phan tich.
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Vé diéu khién Fuzzy Logic, Zadeh [4] dat nén tang 1y
thuyét tip md; Mamdani & Assilian [5] lan dau tng dung
thanh cong bé didu khién mo kiéu Mamdani cho déi twong
cong nghiép. Ross [10] tong hop tmg dung Fuzzy Logic
trong k¥ thuat.

Tuy nhién, cic nghién ciru trudc thuong so sanh hai
phuong phap theo timg tiéu chi riéng 1€, chua danh gia
ddng thoi da tiéu chi (sai s, nhidu, thich nghi) ca dinh
tinh 1an dinh luong trong diéu kién tai thay déi va nhiéu.
Bai bo nay bd sung vao khoang tréng do.

I11. PHUONG PHAP VA MO HINH HE THONG

PONG CODC

A. Céu triic hé théng

So dd khdi téng thé cua hé théng diéu khién téc do
ddng co DC dugc trinh bay trong Hinh 1. H¢ théng s
dung nguén DC 24V céip cho mach luc; téc do dong co
dugc do bing encoder quang hoc va dwa vé bo didu
khién (PID hodc Fuzzy Logic) tinh toan tin higu diéu
khién, phat xung PWM diéu chinh mach cdu H. Nghién
ctru str dung Matlab/Simulink dé x4y dung mé phong va
dénh gia két qua.

Hinh 1. S0 86 khéi hé théng diéu khién toc 84 dng co DC
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Hinh 1. So d4 khéi hé théng didu khién téc d6 dong co DC
Hé théng bao gdm cac thanh phan chinh dwoc tém tit
trong Bang I.
BANG 1. CAU HINH CHINH CUA HE THONG

Thanh phén Chiic ning
Pong co DC nam | D4i twong didu khién, chuyén dién
vinh ciru 24V/10W | néang thanh co nang quay
Encoder quang hoc | Do téc do quay, cung cép tin hi¢u
500 xung/vong phén hoi cho b dicu khién
Mach cdu H - | Diéu chinh cong suét qua didu ché do
MOSFET IRF3205 rong xung PWM

Vi didu  khién
STM32F103

Thyc hién thuat todn PID / Fuzzy
Logic, phat xung PWM

Man hinh LCD 16x2 | Hién thi tbc d6, gia tri dat va trang

thai hoat dong

Phim nhén Nhap tbc do dat, didu chinh tham sb

diéu khién
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B. M6 hinh todan hoc dong co DC

Pong co DC duge md ta boi hé phuong trinh vi phan
thict 1dp tor cac phuong trinh mach dién phan ung va
phuong trinh dong luc hoc co hoc [1], [2]:

Phuong trinh mach dién: L(di/dt) + Ri = u(t) - Ke-w(t) (1)
Phuwong trinh co hoc: J(dw/dt) + Bo = Kt-i(t) - TL  (2)

Trong d6: u(t) la dién ap phﬁn ung [V]; i(t) 1a dong
dién [A]; o(t) 1a toc do goc [rad/s]; R 1a dién tré phan ung
[Q]; L 1a dién cam [H]; Ke 1a h¢ so sttc phan di¢n dong;
Kt 1a h¢ sO m6 men; J 1a mé men quan tinh [kg-m?]; B 1a
hé s ma sat nhét; TL 1a mod men tai [N-m].

Ap dung bién ddi Laplace v&i didu kién dau bing
khong va bo qua md men tai (TL = 0), ham truyén dat cta
dong co DC tur dién ap U(s) dén toc do Q(s) la:

G(s) =Kt/ [(LstR)(Js+B) + Ke-Kt] 3)

Vé6i dong co DC cong suat nhd (24V/10W), ham
truyén (3) dugce xap xi thanh dang chuan bac hai xac dinh
tir thue nghiém bang phuong phap dap tng bac thang:

G(s) =K/ [(Tis+1)(Tas+1)] 4)

Trong d6 K = 1,0 14 h¢ s6 khuéch dai tinh; T: = 0,08 s
la hang s6 thoi gian dién (L/R); T> = 0,25 s 1a hang s6 thoi
gian co hoc (J/B). K&t qua nhan dang thyc nghiém trinh
bay trong Hinh 2.

Hinh 2. Déap ung bic thang cua déng co DC va dudng xap xi mé hinh
Gis) = KI[IT,s+1){T;s+1)] voi K=1,0;T,=0,085; T,=0,25s%
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Hinh 2. Dép umg bac thang thuc nghiém va duong xAp xi md hinh G(s);
truc hoanh: thoi gian (8), truc tung: toc d§ (vong/phut)

IV. KET QUA VA THAO LUAN
A. Thiét ké va két qua diéu khién PID
B6 diéu khién PID tao ra tin hiéu diéu khién theo luat:
u(t) = Kp-e(t) + Ki-le)dt + Kd-(de/dt) ~ (5)

Tham :sé duogc f:hinh dinh theo phuong phap Ziegler-
Nichols két hop di,éu chinh tht_rc’ nghic%m: Kp =2.8;Ki=
6,5; Kd = 0,12. Cau trac hé thong diéu khién PID dugc
minh hoa trong Hinh 3.

trie g thoing diki khbin tic 48 d8ng ca BE wif dyng bé disu khidn FID

Hinh 3. CAu tric hé théng diéu khién tbc do dong co DC sit dung bd PID

Két qua md phong trén Matlab/Simulink (Hinh 4) cho
thay toc do hoi tu vé 1500 vong/phut véi qua diu chinh
khoang 8 - 12%, thoi gian x4c 1ap 0,8 - 1,2 gidy. Sai sb xdc
lap gan nhu bang khong nho thanh phan tich phan. Nguyén
nhan qué diéu chinh cao 13 do tham s6 PID cb dinh, khong
thich nghi véi tinh phi tuyén cua dbi trong. Khi tai thay dbi
dot ngdt 50%, hé thong mat 0,5 - 0,8 gidy dé phuc hoi.

Hinh 4. Dap ing tée 46 va tin hidu didu khién véi bo PID
(Kp=2,8; Ki=6,5! Kd=0,12)

ult) {spwm)

Hinh 4. Pap tmg tc d6 va tin hiéu diéu khién véi b PID
(Kp=2,8; Ki=6,5; Kd=0,12) - M6 phong Matlab/Simulink
B. Thiét ké va két qua dieu khién Fuzzy Logic
B diéu khién Fuzzy Logic kiéu Mamdani duoc thiét
ké v6i hai ddu vao 1a sai léch tde do e(t) [rpm] va toc do
thay d6i sai léch de(t)/dt [rpm/s], mot dau ra 1a tin hiéu
PWM u(t) [%]. M&i bién c6 7 gid tri ngén ngt (NB, NM,
NS, ZO, PS, PM, PB) véi ham thanh vién tam giac; h¢
théng gém 49 luat mo. Gidi mo theo phuong phap trong
tam (Centroid) [5]. C4u trac dugc minh hoa trong Hinh 5.
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Hinh 5. CAu tric hé théng diéu khién téc d6 dong co DC sir dung bd
Fuzzy Logic (Mamdani)
Ham thanh vién cua ba bién vao/ra dwoc trinh bay
trong Hinh 6.
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Hinh 6. Ham thanh vién (Membership Functions): (a) sai léch e(t), (b)
de/dt, (c) tin hi¢u ra u(t)

Két qua mé phong (Hinh 7) cho thiy qua didu chinh
chi khoang 3 - 5%, nho hon dang ké so véi PID. Pap ting
tron hon va it dao dong hon do bo Fuzzy xir ly dong thoi
sai léch e(t) va téc do thay dbi de/dt, phat hién va diéu
chinh xu hudng vot ngay trudc khi xdy ra. Khi tai thay doi
dot ngot, thoi gian phuc hodi ngin hon PID nho kha ning
xir 1y phi tuyén cua thuat todn mo.
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Hinh 7. Dép tmg tdc do va tin hidu didu khién vdi bé Fuzzy Logic
(Mamdani, 49 luat) - M6 phong Matlab/Simulink

C. So sanh va thdo ludn

Hinh 8 trinh bay so sanh truc tiép dap tng téc do cua
hai by dicu khién trong cung dic¢u kién moé phdng, bao
gom ca diéu kién khong nhicu va c6 nhicu tai dot ngédt. Bo
Fuzzy Logic cho qué diéu chinh nho hon (~3 - 5% so vé&i
~8 - 12%), dap ung tron hon va tin hiéu dicu khién it dao
dong hon so voi PID.

Hinh 8. So £4nh PID vA Fuzzy Logic - Diéu kién kiong ahidu (a,c) va cé nhidu t4i 46t ngdt (b,d)

{4) Dp umg ¢ €4 - Khéng iy tht (3) 0dp g e 68 - €4 mhibu thi 1=2.05)

Hinh 8. So sdnh dép tmg PID va Fuzzy Logic - Khong nhidu (a,c) va co
nhiéu tai dt ngdt (b,d) - M6 phong Matlab/Simulink
Bang II t6ng hop dic diém cua hai phuong phép theo
cac tiéu chi ky thuidt quan trong, bao gom phén tich
nguyén nhan cua su khac biét.

BANG II. SO SANH CHAT LUQNG BIEU KHIEN

PID VA FUZZY LOGIC
Tiéu chi Piéu khién PID Fuzzy Logic
M6 hinh toan hoc | Ludt mo + kinh

Co 56 ly thuyét

tuyén tinh nghiém chuyén gia

Cén mé hinh Khéng cdn mo

Yéu ciu mé hinh

nhiéu phi tuyén

chinh xac hinh chinh xac
Qué diéu chinh o | ~8 - 12% ~3-5%
Sai sb xdc 1 = 0 (nho thanh Rét nho, triét tiéu
P phan I) v6i luat mo tot
Trung binh; tham | Trung binh; tham 1 pee o o gy
SO ¢ dinh — kem | 50 co dinh — kém .x . A
, Lo nhiéu phi tuyen
thich nghi voi thich nghi voi hié .
iéu qua

nhiéu phi tuyén

Kha nang thich Thép - tham s6 ¢6 | Cao - dap (g h¢
nghi dinh phi tuyén

Phurc tap hon, can

Don gian, dé xay dung 49 luat

D¢ phuc tap

chuén hoa ?

mo
Pham vi ing Hé tuyén tinh, 6n | Hé phi tuyén, bat
dung dinh dinh, tai thay doi

Nhén xét téng hop: PID phu hop v6i hé tuyen tinh, 6n
dinh, yéu cau chi phi trién khai thip va sai s6 xac 1ap bang
khong. Fuzzy Logic vuot trdi trong méi truong nhiéu, phi
tuyén va tai thay doi 16n - ddc biét khi khong c6 moé hinh
chinh xéc ciia dbi tuong.

V.KET LUAN

Bai bdo da phan tich va so sanh hi¢u ning hai phuong
phap diéu khién PID va Fuzzy Logic cho hé thng didu
khién tdc d6 dong co DC cong sut nho, trén co s6 mod
hinh toan hoc dugc thiét I4p tir phuong trinh vi phan vat Iy
va x4c nhan bang di liéu thuc nghiém. Két qua mo phong
trén Matlab/Simulink dugc danh gia ddng thoi theo nhiéu
tiéu chi dinh tinh va dinh luong.

Diéu khién PID phu hop khi: hé théng co dic tinh
tuyén tinh, 6n dinh; tai it thay doi; yéu clu sai sé xac 1ap
bang khéng; chi phi trién khai thip. Uu diém ndi bat 1a
cAu trac don gian, d& chuin hoa tham sé.

Pidu khién Fuzzy Logic phil hop khi: hé thong c6 tinh
phi tuyén cao; tai bién déi 16n hodc c6 nhidu khong xac
dinh; khong cé mo hinh toan hoc chinh xac cia dbi tuong.
Fuzzy Logic mang lai qua didu chinh nho hon (~3-5% so
v6i ~8-12%), dap tmg tron hon va kha ning chdng nhidu
vuot troi.

Trong nghién ctru tiép theo, co thé mé rong theo
huéng ap dung bo didu khién lai Fuzzy—PID, hodc tich
hop tdi wu hoéa tham sb bang cic thuat toan thong minh
(Genetic Algorithm, PSO, Deep Reinforcement Learning)
nhdm néng cao hidu ning trong diéu kién van hanh phirc
tap. Dong thoi, can bd sung kiém ching thuc nghiém trén
phan cing thuc dé xac nhan két qua mé phong.
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