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TOM TAT

Trong bai bdo nay, ching téi trinh bay mét phirong phdp thiét ké bg diéu khién mo' theo mé
hinh Sugeno (FLC-sugeno) téi wu cho hé thong giam chan tich cwe. Cdc tham sé cia bé diéu
khién dwoc xem xét mot cach téng thé va dwoc tim kiém t6i wu bdng thudt toan PSO (Particle
Swarm Optimization algorithm). Bo diéu khién nay c6 16 tham sé dwoc t6i wu bao g5m 03 tham
$6 hiéu chinh mién xdc dinh cua cdc bién trang thdi dau vao va bién diéu khién o dau ra cua bg
diéu khién, 04 tham s6 hiéu chinh tdp mo ciia cdc bién ngon ngit va 09 tham sé la trong s6 ludt
mo ciia hé ludt diéu khién. Bé ddanh gid va so sanh tinh hiéu qua cua bo diéu khién FLC- -Sugeno
16i wu, mot bg diéu khién PID toi wu bang PSO ciing dwoc thuc hién. Két qua mé phong hé thong
gidm chdn tich cuc véi cac bo diéu khién khi cung chiu tac dong mot loai kich thich mat duong
tiéu chudn cho thdy FLC-Sugeno toi wu cho thdy bién ¢ chuyén vi ciia than xe la giam dang ké.
Két qua nay cho thdy, mot huéng mo rong khi dp dung hwéng thiét ké cho cdc hé thong giam
chan tich ciee phire tap hon.

Tir khoa: FLC-sugeno; Téi wu biy dan; Hé théng giam chén tich cwc; M6 hinh giam chén 1/4.
1. MO PAU

Hé thong giam chan dwoc wng dung chii yéu trén cac hé thdng xe trong linh vuc giao thdng
van tai. Ngoai ra, no con duoc st dung trong cac hé thdng giam chan cia nha cao tang, hé thong
ciu duong hay cac hé thong may méc trong cong nghiép. Vi nhu cau tién nghi va bao vé sic
khoé ngay cang cao thi hé théng giam chan trong cac phuong tién giao thong van tai dic biét van
tai hanh khéach cang phai nang cao vé chat luong dé dap ang nhu cau khat khe cua con nguoi.
Déi voi mot xe 6 6, hé thong giam chan dugc phan bb déu & cac banh xe. Néu gia thiét tai trong
phan bd déu thi viéc nghién ctru giam tran trén mot banh xe ciing tuong ty nhu hé thong giam
chan cho ca xe.

Dbi v6i mé hinh giam chin mot phan tu (Quarter-vehicle models), c6 thé phan ra lam 3 loai
1a: m6 hinh giam chan thy dong, mé hinh giam chan ban tich cuc va mo hinh giam chén tich cuyc.
Mo hinh giam chén thu dong c6 cdu tao don gian nhit, tuy nhién, viéc lya chon hé s do cung
ctia 16 Xo va co cau can diu 1a sy thoa hiép gitra chit luong giam chan va pham vi tai trong. M6
hinh giam chén bén tich cuc c6 thé thay d6i hé s d6 cung 10 xo va co chu can diu trong pham vi
hep. M6 hinh giam chén tich cuc c6 chét luong tt hon ca, tuy nhién, n6 c6 két cau phuc tap vi
c6 thém b diéu khién dé diéu khién giam chan. Céc thuat toan khac nhau cho hiéu qua diéu
khién 1a rit khac nhau. Viéc lua chon, thiét ké duoc mot mo hinh bd diéu khién theo thuét toan
t61 wu 12 muyc tiéu cua nghién ctru trén ddi twong 14 moé hinh giam chén tich cwc. Hé giam chin
tich cuc ngoai co cAu 10 xo va bd phan can diu, con ¢ mdt thanh phﬁn tao ra luc dién tir tir dong
co dién tham gia vao qua trinh hoat déng véi muc dich nhanh chong dép tit qua trinh dao dong
theo phuwong thing ding (vertical) ctia hé, hay noi cach khac 13 giam thiéu tdi da sy tic dong cua
mit duong dén than xe.
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Bo diéu khién FLC duoc t6i uu bang giai thuat di truyén [1]. Trong nghién ctru ndy, C4c tac
gia da thyc hién viéc chinh dinh ham thudc bang thuét toan tdi vu GA. Han ché ¢ day 1a méi chi
dimg lai ¢ t6i vu ham thudc ma chua t6i vu cac tham sé khac cua bo diéu khién mo. Hon nita,
ngay nay cé nhiéu nghién ctru chi ra co6 nhiéu thuat toan toi wu vuot trdi hon GA, vi du nhu PSO
ma ching ti sir dung trong nghién ctru ndy. Ngoai ra, nhiéu nha khoa hoc di nghién ciru mg
dung bo diéu khién md (FLC) trong cac hé giam chéan [2-7]. Pa c¢6 nghién citu so sanh, danh gia
hiéu qua ctia FLC so v6i PID. B9 diéu khién PID cho hi¢u qua diéu khién trong ving lam viéc
hep, ngoai dai thi b diéu khién kém hiéu qua [3]. Bo diéu khién PID ciing c6 thé duoc diéu
chinh cac hé s6 bdi mot bdo mo dé tao thanh mot bo diéu khién PID mo thich nghi [8], tuy nhién,
ciu trac bo diéu khién thuong phic tap. Bo diéu khién md dugce nghién ciru tng dung nhiéu
trong cac h¢ giam chén tich cuc [9-11], bd diéu khién m& FLC ¢6 tdi wu ham thudc ngay trong
khi hé théng 1am viéc [12].

Mot dic diém chung cua cac nghién ciru trude ddy khi ung dung bo diéu khién FLC cho cac
hé thong giam chan noi chung d6 1a thiét ké bo diéu khién mo ma khong c6 cong doan tdi uru hoa
céc tham sb cta bd diéu khién hodc co tdi wu nhung chi dung lai ¢ sir dung giai thuat t8i wu “16i
thoi” GA dé toi wu ham thudc ciia cac tap mo [1]. Dé vuot qua han ché nhu da phan tich, trong
nghién ctru nay giai phap dugc dé xuat 1a dua ra phuong an thiét ké bo diéu khién FLC- -Sugeno
t6i wu dong thoi ca vé tip md cua cac ham thugc va trong s6 cta hé luat didu khlen K¥ thuét tbi
vu duoc sir dung 1a PSO [13, 14]. D& xuit méi nay c6 thé dugc khing dinh ring day 1a sy khac
biét so v&i cac nghién ctru trude day.

2. MO HINH GIAM CHAN TiCH CUC
2.1. M hinh giam chén tich cue

Mo hinh giam chén tich cuc mdt phan tu duogc trinh
bay nhu hinh 1. Trong d6, khéi than dudi m,, dai dién f Xe
cho 10p xe, banh xe, phanh va cac bo phan trong banh | e [T
xe tac dong 1é€n hé théng treo, M. dai dién cho mot phén
tu khéi luong ciia xe bao gdm hanh khach va tai trong.
Ldp xe duge dic trung boi thong sb do cing ¢, va hé sb C ;ZI’
can diu dy. Khi than trén va khdi than dudi dugc lign
két voi nhau bang co ciu 10 xo C., co cdu can diu d. va
co cAu tao nén luc dién tir Fe. Goi cac chuyén vi cua mat ? Xw
dudng, khéi than dudi, khdi than trén 1an luot 14 Xg, Xu My 77
Va X.. Pong co tuyén tinh (Linear Brushless Permanent
Magnet - LBM) tao ra luc Fe v6i muc dich nham giam
thiéu qua trinh giao dong ciia h¢ hay giam thiéu ti da
su tac dong C}ﬁa mat QUéng Xg dén kl}éi than trén. Nhu t Xg
vay, hé bao gom hai dau vao la Xy nhiu tdc dong tir mat T
duong va luc Fe, ddu ra ctia hé X, Xy, muc dich caa qua  Hinh 1. M6 hinh giam chan tich cuc.
trinh diéu khién 1 x, — 0. Hé phuong trinh vi phan mo
ta hé nhu sau:

{mcjéc = _Cc(xc - xw) - dc(t)(xc - xw) + Fe (t) (1)
my, &y = cc(xc — xy) + dc () (X — %) — Cw(t)(xw - xg) + dw(t)(xw - xg) —F(t)

Theo [15], 10 x0 giam chén ¢, duoc chon sao cho hoat dong tuyén tinh trong pham vi lam
viée gia sir C; 12 hing s6. Cac hé sb dg(t), cu(t) va dy(t) thay ddi trong pham vi nhé quanh vi tri
diém lam viéc.

dc(t) = d¢o + Adg; Cw(t) = Cyo T+ Acy; dw(t) =dyo + Ady, 2
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Trong d6, e, Cuwo, Owo 14 céc gid tri tai diém lam viée; Ad,, Acy, Ady 13 cac thay d6i gia tri cua
chung xung quanh diém lam viéc.

2.2. M hinh ddng co tuyén tinh (LBM)

Theo [16]‘, clu tao cua LBM nhu hinh 2 véi cac gia thiét: Dién cam cac cudn day sator cua
dong co la hang so, chi€u dai cua roto 1a vo han d€ bo qua cac hiéu tng dau cudi, cuong do tu
thong cua nam chadm khong d6i va boé qua hi¢u tng bao hoa tir, m6 hinh LBM viét dudi dang hé
toa d6 dq nhu cong thure (3):

A¥q _dx ;4 d%a dx T
ug = Rgig + a4, 4, Wy ug = Rsig + 4, a4, Y,
_m . d?x ®)
F = T Wnlg; Fo = (K1 +K+F) =153

Trong do, Uy, Uiy, i, 1a dién ép va dong di¢n trén stator, Rs 1a di¢n trd stator cia dong co, yqva

yq tUr thong trén tryc d va q, Fe la lyc dién tor, I 1a lue quan tinh cia tryc dong co, X I khoang cach
di chuyen cta truc doéng co, Ky va K¢ 1a hé s6 can dong va hé s6 can tinh, F; 1a luc can bén ngoai.

Hinh 2. Cdu triic dong co tuyén tinh dang ong [16].
2.3. M6 hinh ciia h¢ giam chén tich cue sit dung LBM
Thay (2) vao phirong trinh (1) ta dwoc hé phuong trinh vi phan md ta hé giam chan nhu sau:
meke = —cc(Xc = xy) = (deo + Ad) (ke — %) + Fo(t)
my, %, = c.(x, —x,,) + (dqo + Ad) (X, — x,,) — (cpo + Acw)(xw — xg) + (4)
’ +(dwo + Ady) (%, — %5) — Fo(t)
bit cac bién trang thai nhu sau:

. . T
X = [xl Xo X3 Xy ]T = [(xc - xw) Xc (xw - xg) Xw ] (5)
Bién dau ra la:

y=[% F (c—x)]" (6)
Véi F 1a lyc tai dong do banh xe tao nén.
F= (CWO + ACw)(xg - xw) + (dWO + Adw)(xg - J‘Cw) (7)

Tir cach dit bién trang thai nay, ta dua (4) vé hé phuong trinh trang thai:
{§'=A§+BF+A§+NXQ ®)
y =Cx+ DF + Mx,
Véi cac ma tran la:

0 1 0 -1 0 00 0 0
_ L _@ 0 @ i 0 Adco 0 Ado
— me me me —| m — me me
A=y o o 1[BT S F2%%o o 0 1 |
L G0 S dwo 1 o Adeo _Acc _Adwo
my, my, my My my, - my my my
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c d d 0

_Le % 4 & 1 0 0

C = me me me ; D = me ;M = dc() + Ad o ;N =1 -1
0 0 —c, —d, 0 o diyo
1 0 0 0 0 [l

my

3. THIET KE BQ PIEU KHIEN CHO MO HiNH GIAM CHAN TiCH CUC

Véi muc dich diéu khién 1a giam thiéu tac dong cta nhiéu mat dudng dén khéi than trén, tirc
la gidm bién do X, tien dén 0 trong thoi gian ngan nhat, tac gia sir dung bd dicu khién phan hoi
dau ra nhu hinh 3.

l Xg(t)
Xe_set Controller Iy Electric Fe Suspension Xe
i motor system

Hinh 3. Cdu triic diéu khién HTGC tich cuec.

Trong do, khdi Electric motor bao gdm dong co tuyén tinh, bd didu kl’lién dong dién va khdi
chuyén do6i sang hé dg. Khoi giam chan Suspension system chiu su chi phoi cua nhiéu mat duong
g(t) tac dong va nhan duogc luc tac ddong Fe tir khoi Electric motor.

3.1. Thiét ké b diéu khién m& FLC-Sugeno

Bo diéu khién md duoc lya chon theo mé hinh md Sugeno. Trong dé, hai dau vao 1a e va ce,
mot dau ra 13 u. Cac tdp mo cho céac bién ngdn ngit vao/ra nhu sau:
- Cdc bién ddu vao: e, ce gdbm céc tap md NB, N, ZE, PS, PB, v6i 5 tdp mo hinh tam giac
dugc xac dinh trén mién [-1, 1]. Cac tap mo dugc thiét ké 1a phan hoach m¢ manh, c6 nghia
la voi gia tri thuc x bat ky, téng d6 thudc cua x vao cac tdp mo la b::ing 1.
- Bién dau ra u gdbm 7 tdp mo dang singleton gdm NB, N, NS, ZE, PS, P, PB dugc xac dinh
trén mién [-1, 1].

O]

ch,
o=

PID Fe

XE-XUE

SUSpension system s

Hinh 4. So' @6 mé phong hé giam chan tich cwc sir dung b diéu khién FLC-Sugeno.
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B diéu khién FLC-Sugeno dugc thiét ké voi mién gid tri cua cac bién vao/ra dugc chuan hoa
trén khoang [-1, 1]. Khi ghép vao hé thong, cac hé so Ke, Kce va Ku s€ hiéu chinh gia tri cua
ching vé mién thuc cua tinh hiéu. Bang cach ndy, ta co thé linh hoat trong viéc ghep bo diéu
khién FLC-Sugeno vao cic hé théng diéu khién khac nhau. Hé thdng diéu khién dwoc mé phong
nhu trén hinh 4.

3.2. T6i wu hoa tham sé cac bd diéu khién bing PSO

Thuat toan t6i ru PSO dugc Kennedy va Eberhar dé xuat ndm 1995 [9]. Pay 1a thuat toan tim
kiém ngau nhién dya trén m6 phong hanh vi va sy tuong tac ciia bay chim khi di tim ngudn thirc
an. Mbi ca thé (hay phan tir) trong bay dan dugc dac trung bo hai thanh phan 1a véc to vén tdc
dich chuyén v; va véc to vi tri X;. Trong d6, mdi phan tir trong by dan c6 mot gia tri thich nghi
(fitness value), gié tri nay dugc danh gia bang ham do do thich nghi (fitness fuction).

Ham muc tiéu cta qua trinh t6i wu dugc chon 13 tiéu chuan IAE (Integral of the Absolute
magnitude of the Error — tich phan tri tuyét doi bién do sai s0).

fitness = IAE = Zle(n)l - min ©)
n=1
So d6 tbi wu bo diéu khién mo duge thé hién nhu hinh sau:

FLC

A

PSO

Hinh 5. So do t6i tuu b diéu khién FLC bang PSO.
3.2.1. T6i uu hod cdc tdp mo
Pé tim hinh dang tap mo tdi uu, trong bai bao nay, chiing t61 giéi han mot s6 diéu kién sau:
- Tap mo ZE la tam giac cén, 9(’) dinh tai giéqtri 0. )
- Tap m¢ PB va tdp mo NB doi ximg qua diém 0. Tuong Umg ta c6 céc cép tdp mo doi xung
qua diém 0 khac 1a (N, P), (NS, PS).

NB NS ZE PS PBL.NB N NS ZE P pS PB

-1 T 0 Py oy 1

~Olce *+olce

vung gid tri e, ce vung gid tri u
Hinh 6. Thiét ké cac tdp mo 16i wu dua trén PSO.

Khi ndy, viéc xac dinh cac tdp md o tinh déi xtng cho bo didu khién tdi wu 14 tim 4 tham sb
Oe, Oce, Oy VA By. Mién tim kiém cho cac tham s6 ndy dugc chon trong khoang: ae, 0c€[0.25,
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0.75]; p,€[0.25, 0.5]; aye[0.5, 0.75].
3.2.2. Téi wu hod trong $6 cdc ludt mo

M3i luat diéu khién mang mot trong sb6 xac dinh muac d6 tin cay cua luat. Hau hét cac nha
khoa hoc chi tap trung nghién ciru thiét ké tap mo ma xac dinh hé luat ma chua quan tam toi
trong so cta luat. Trong nghlen clru nay, chung t01 sur dung thuat toan PSO dé tim kiém trong s6
ctia mdi luat. Hé lut diéu khién khién va trong s6 mdi ludt dwoc thé hién trén bang 1.

‘Trong bang 1, ta c6 25 luat voi w; (i=1, 9) 1a trong s6 ctia mdi luat. Phat hién ra rang theo tinh
chat cia hé thong diéu khién nay thi he ludt c6 tinh ddi Xing qua tam cua bang luat, vi vy cac
luat ¢ vi tri d6i xtimg s& co trong s6 bang nhau. Cu thé, cac luat “if e=NB and ce=NB then
u=NB” va luat “if e=PB and ce=PB then u=PB” cd cung trong s6 1a wy, luét “if e=NB and
ce=NS then u=NB” va luat “if e=PB and ce=PS then u=PB” c6 cing trong s 1a Wy, v.v. Véi
tinh chat dbi ximg d6 giup ta giam duoc sb bién can tdi uu tir 25 xudng con 9.

Bdng 1. Hé ludr diéu khién véi trong so.

. ce NB NS ZE PS PB
NB NB Wy NB A N W3 NS Wy ZE Ws
NS NB W, N Ws NS Ws ZE Wy PS Wg
ZE N Wy NS Wg ZE Wq PS Wg p Wy
PS NS Wg ZE Wy PS Wg P Ws PB Wy
PB ZE Ws PS Wy P W3 PB Wy PB Wi

Nhu vy, dé thiét ké duoc bd di’éu khién FLQ—Sugeno tf}i uu theo dé xuét cua nghién ctru nay,
thuat toan PSO sé€ thuc hién tim kiém 16 tham s6 cho bd diéu khién.

- 03 tham 6 hiéu chinh K, K va Ky

- 04 tham s@ chinh dinh tép’ mao Ge, Oce, Uy \(él Lo )

- 09 tham s0 (w;) 1a trong so cua hé luat diéu khién.

Trong Matlab simulink, ching t61 sir dung ham particleswarm(). Py 1a ham nay hd trg thuat
toan toi uu PSO.

4. KET QUA MO PHONG
Hé¢ thong mo phong duoc xay dung va nhan cac thong s6 vat Iy ctia mo hinh nhur trong bang 2.
Bing 2. Cdc théng sé vat 1y ciia mé hinh giam chan.

Thanh phan Théng sb
Mme 256 kg
My 31 kg
Ceo 20200 N/m
Ace 1010 N/m
deo 1140 Ns/m
Ad 57 Ns/m
Cwo 128000 N/m
Acy 1280 N/m
dwo 0 Ns/m

Céc thong sb clia dong co tuyét tinh duoc cho nhu trong bang 3.
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Bing 3. Théng so ciia dong co LBM.
Thanh phan Thong sd

R 0290
Ls 8.5 mH
Ms 2mH
Tp 10 mm
Yo 10 mH
F 10N
Rae 02Q
Lane 8.5 mH
Yipe=2mH 1=10
Kg 50 N
Ke 5N

Sau khi chay tdi wu, ta nhan dugc két qua nhu Bdng 4. Dé danh gia hidu qua diéu khién cua
bd FLC-Sugeno t01 uu, chiing t6i cling thiet ké mot bg diéu khién PID toi wu voi cac tham so Kp,
K, va Kp ciing dugce tim kiém t6i uu bang PSO.

Bing 4. Cdc gid tri tham s6 t6i wu ciia FLC-Sugeno.

Tham s tip mo Trong so hé luat
ae = 0.398389 w; = 0.198813
ace = 0.625307 w, =0.257075
oy, = 0.636611 w3 = 0.0747781
Bu = 0.406224 wy=1
Tham so6 hiéu chinh mién gi4 tri cac bién ws = 0.337037
Ke=0.3 we = 0.723424
Kce = 0.289315 w7 = 0.905881
Ku =4101.68 wg = 0.868694
wy = 0.125044

_ Kich ban danh cho m6 phong dugce thiét 1ap voi téng thoi gian md phong 1a 5.5 s. Tai thoi
diém 0.5 s, dua’ kich thich step v6i bién d9 0.3. Pén thoi diém 3 s, dua thém kich thich step véi
bién d6 -0.3. K&t qua md phong nhu sau:

ce -1 e

Hinh 7. Moi quan hé vao ra cua bé diéu khién mo.
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Pap (rng cua cac bo diéu khién
T T

0.05 T T T -
——Khi khéng diéu khién
V6i bd diéu khién PID téi wu
0.04 —V6i FLC-sugeno t6i wu

E e— |
=
|
~Q
>
: |
L
®)
A |
o Caiar
-0.01 a
_0‘02 1 1 1 1 1
0 1 2 3 4 5 6

Time [s]
Hinh 8. Pdp itng ciia ciia hé giam chan cing kich thich véi cdc bé diéu khién toi wu.

5. KET LUAN

Quan sat trén hinh 8, tai thoi diém 0.5 s, khi kich thich mat duong dugc dua vao hé théng:
dudng mau xanh lam 13 dép tmg chuyén vi than xe khi khong c6 diéu khién, phai sau 03 chu ky
dao dong moi dat gia tri on dinh. Do 16n tdi da cua chuyén vi than xe khi khong diéu khién 16n
hon 15.5% so véi c6 diéu khién bang PID tdi wu. Trong khi d6, v6i bo diéu khién PID tdi uu,
dudng mau vang 1a dap ung cho thiy chi sau 02 chu ky didu khién da dat gia tri 6n dinh nhung
bién do chuyén bi con kha 16n. Puong mau do 1a dap Gng chuyén vi than xe tng voi bo diéu
khién FLC-Sugeno tbi uu. Co thé thay rd 13, ddp g con c6 nhiéu dinh dao dong nhung bién do
chuyén bi thi giam rat nhiéu. Tai thoi diém 3 s, dua kich thich bang -0.3 vao hé théng, cac dap
g déu c6 dang dap va xu hudng nhu tai thoi diém 0.5 s.

Qua nhitng két qua trén c6 thé thdy rang, FLC-Sugeno tdi wu dap ung t6t khi didu khién hé
giam chin c6 tinh phi tuyén cao. Khi cting dugc thyuc hién t6i wu hoa bang PSO thi FLC-Sugeno
cho dap mg diéu khién 1a tot hon nhiéu so v&i PID. Két qua nghién ctru chi ra rang, v6i dé xut
thuc hién toi vu mot cach téng thé ca vé ham thudc cia tdp mo va trong sb luat mo bﬁng PSO thi
FLC-Sugeno tdi wu lam viéc rat tot. Tir ddy, c6 thé ap dung thiét ké bo diéu khién cho mé hinh
phirc tap hon nhu mé hinh % hogc mé hinh tong thé cia ca mot xe.
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ABSTRACT
Optimal controller FLC-Sugeno based on PSO for an active damping system

In this article, a method of designing an optimal fuzzy logic controller Sugeno model
(FLC-Sugeno) control for active suspension system Quarter-vehicle models is presented.
The parameters of FLC-Sugeno controller are considered a whole and optimally searched
using the Particle Swarm Optimization algorithm (PSQO). The 16 optimized parameters
include: 03 parameters for adjusting the domain of the input state variables and control
variables at the controller’s output, 04 fuzzy set adjustment numbers of the linguistic
variables and 09 parameters, which are the fuzzy rule weights of the rule system control.
To compare and evaluate the effectiveness of the optimal FLC-Sugeno controller, and
optimal PID controller using PSO is also implemented. Simulation results of the active
damping system with controllers when affected by the same type and standard road
surface excitation show that FLC-Sugeno controller is optimal for the vehicle bodies
displacement amplitude to be significantly and quickly end the oscillation cycles,
establishing a stable balance. This result shows an extension when applying the design
direction to more complex active damping system models.

Keywords: FLC-Sugeno; Particle Swarm Optimization; Active suspension system; Quarter-vehicle models.

Tap chi Nghién ciru KH&CN quén sw, S6 Pdc san FEE 2023, 55-63 63



