CONG NGHE

BIEU KHIEN BEN VUNG DUA TREN MANG NEURON
VA PHUGNG PHAP RISE BAO HOA CHO HE THONG TREO
MACPHERSON TICH CLYC NHAM NANG CAO BO EM DIV

CHUYEN DONG CHO XE CON

ROBUST CONTROL BASED ON NEURAL NETWORKS AND RISE SATURATION CONTROLLER
FOR ACTIVE MACPHERSON SUSPENSION SYSTEM TO IMPROVE RIDE COMFORT

TOM TAT

Bai bdo nghién cltu phuong phap két hop gitta mang neuron nhan tao va
phirong phép digu khién RISE bao hoa dé digu khién nhdm nang cao do ém diu
cho hé thong treo Macpherson tich cuc, trong d6, phurong trinh dong lyc hoc clia
hé thding treo co déc tinh phi tuyén, khdng x4c dinh va chiu tac dong cla nhiéu.
Mang neuron v6i kha nang xap xi (universal approximation capability) cho céc
ham s6 durgc khai thac d€ bl cho céc thanh phan khong xac dinh trong phuong
trinh ddng lyc hoc clia hé théng treo, con phuong phap digu khién bén viing RISE
béo hoa véi dd lon clia lyc tac dong dugc han ché trong mét gidi han xac dinh
duoc st dung dé dap tét dao dong clia khdi long dugc treo nham nang cao do
&m diu chuyén ddng cho xe. Chuong trinh md phong Matlab da kiém chiing hiéu
qué clia phuong phap diéu khién trén ca mién thoi gian va mién tan s6, két qua
duwoc so sanh vdi hé thang treo tich circ digu khién PID, hé thdng treo ban tich cuc
diéu khién Skyhook cai tién va hé thong treo bi dong.

Tir khod: BA digu khién RISE bdo hoa, digu khién phi tuyén, hé thong treo tich
circ Macpherson, mang neuron nhan tao.

ABSTRACT

The paper studies on the control method based on the neural networks and
saturation RISE controller for the active Macpherson suspension to improve the ride
comfort, whereas, the suspension dynamics include the nonlinear uncertainties and
exogenous disturbances. Feedforward neural network with the universal
approximation capability is exploited to compensate for the nonlinear uncertainties
and the robust saturation RISE controller with the control force limited in a priori
limit is used to robustly regulate the vertical displacement of the sprung mass to
improve the ride comfort. The Matlab simulations are performed to show the
effectiveness of the proposed method in both time domain and frequency domain
in comparison with the active suspension with PID controller, the semi-active
suspension with a modified Skyhook control and the passive suspension.

Keywords: Saturation RISE controller, nonlinear control, active Macpherson
suspension, neural networks.
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DPinh Thi Thanh Huyén

1. TONG QUAN

Hé théng treo Macpherson duwgc gidi thiéu lan dau tién
nam 1949 béi cong ty Ford Motor va ngay nay hé théng
treo nay da dugc st dung rong rai trén cac phuong tién
hién dai. V@ cdu trac, hé théng treo Macpherson ¢ thé lap
dat cho ca hé thong treo trwéc va sau, tuy nhién né cha yéu
duwoc dung cho hé théng treo trivéc do khéi lvgng nhé, kich
thuéc gon va cdu trdc don gian. Tuy nhién, vé phuong dién
dong hoc va dong lwc hoc, hé théng treo Macpherson tich
cuc c6 mai quan hé phi tuyén gitra lvc diéu khién chl dong
va cac bién trang thai: dich chuyén theo phuong thang
ding ctia khoi lvong duoc treo va géc quay clia don ngang
[1-5]. Do vay, viéc tuyén tinh héa quanh trang thai can
bang dé dwa ra cac phuong trinh dong luc hoc tuyén tinh
don gian, tir d6 xay dwng cac phuong phap diéu khién (nhu
[6-8]) lam gidam dd chinh xac khi 4p dung diéu khién cho
cac hé c6 ban chat phi tuyén. Van dé dat ra la can thiét ké
cac phuwong phap diéu khién xét dén ding ban chat phi
tuyén va luén cé nhiéu tac ddng cta hé théng treo
Macpherson tich cuc.

Muc tiéu clia van dé diéu khién trong hé thong treo la
nang cao dé ém diu chuyén dong (ride comfort), trong khi
gilr dii d6 bam mét duong (road-holdings) dé duy tri dd an
toan chuyén déng cua xe. Thong thuwong, do ém diu
chuyén dong clia xe duoc danh gia qua viéc dap tét gia téc
dao dong thang ding cla than xe, trong khi yéu cau vé
thiét ké dwoc danh gia qua gi¢i han ctia khong gian gitra
phan khéi lvong duwoc treo va khoi lwgng khong dugc treo
(rattle space contraint) va yéu cau vé dé bam mat duong
duwoc danh gia qua do bién dang cta I6p [9]. Day la ba tiéu
chi dé danh gia hé thong treo, tuy nhién cac chi tiéu nay
théng thwdng mau thuan véi nhau, do vay, khé cé thé dat
dong thoi ca ba chi tiéu trong khi hé thdng treo tich cuc la
cac hé khong du diéu khién (underactuated systems). Do
vay, yéu cau dét ra la thiét ké cac phwong phap diéu khién
dé nhanh chong dap tat dao ddng cta khéi lwvong duoc
treo duéi tac déng cua kich thich lién tuc tr mat duong,
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nham nang cao dé ém diu chuyén déng, trong khi gitr dd
dd bam mat duwong. Tiéu chi vé d6 ém diu la tiéu chi vu tién
khi thiét ké diéu khién cho hé théng treo va tiéu chi nay
duoc tap trung danh gia trén mién tan s6 tir 1-30Hz cla
kich thich mat dwong. Mot s6 cac cong trinh tiéu biéu
nghién ctru vé hé thdng nay co thé ké dén nhu: phuong
phap diéu khién H,, nhw [10-11], tuy nhién muc tiéu chung
clia phrong phap nay la cuc ti€u héa mot ham chi phi (cost
function) duoc xay dung dwa trén cac chi tiéu vé gia téc
dao dong théng ditng ctia than xe (dd ém diu), bién dang
clia I6p (dd an toan chuyén dong), gi¢i han clia khdng gian
gita khéi lvgng duwgc treo va khéi lwvgng khdéng dugc treo,
cling nhu yéu cau vé gigi han cla lwc tac dong, cac chi tiéu
nay dugc nhan cling céc trong sd dé ra mot ham chi phi
chung. Nhv vay, trong ham chi phi ctia phwong phap diéu
khién H,, bao ham tét ca cac chi tiéu mong mudn ctia mot
hé théng treo. Nhwng viéc chon lya duoc ti 1€ trong s6 phu
hop gilta cac chi tiéu la mot van dé kho, hon nita phuong
phap nay doi héi phai tuyén tinh héa phuong trinh dong
lvc hoc cta hé quanh vung lam viéc. Cac phwong phap
diéu khién xét dén ban chat phi tuyén clia hé thong treo
nhu phuong phap gain-scheduling [12] va back-stepping
[13] doi héi rat nhiéu cac thi nghiém dé xac dinh cac tham
s0 cUa hé thong. Phuong phap diéu khién ap dung cho hé
thong treo Macpherson khong xac dinh duoc gigi thiéu
trong [14] dwoc xdy dwng dua trén t6 hop clia phuong
phap diéu khién sliding-mode, fuzzy logic va mang neuron
nhung tin hiéu diéu khién dwgc thiét ké la tin hiéu roi rac,
do vay sé di kem véi cac han ché nhw gay ra van dé rung rat
cla co cdu chap hanh.

Phat trién tir két qua nghién clru cla tac gia trong [15]
khi phuong phap diéu khién cho hé théng treo
Macpherson tich cuc trong diéu kién phrong trinh dong
lvc hoc khdng xac dinh va c6 nhiéu tac ddong ngoai, chi st
dung phuong phap diéu khién RISE bdo hoa, dan téi doi hoi
cac tham so diéu khién lén. N6i dung cla bai bao nay tap
trung vao viéc thiét k€ bd diéu khién dwya trén mang
neuron va phuong phap diéu khién RISE bdo hoa nham
nang cao dé ém diu clia xe. Cau truc ctia bd diéu khién bao
gdm mang neuron duoc st dung nham xp xi cho céc
thanh phan khdng xac dinh trong phuong trinh déng luc
hoc cla hé, cac ma tran trong s6 clia mang neuron duwgc
cap nhat lién tuc dwa trén luat cap nhat, con bd diéu khién
RISE bdo hoa la phuong phép diéu khién bén virng duoc st
dung nham triét tiéu cho tac doéng cla kich thich mét
dwong, nhiéu tac déng ngoai va sai sd xap xi clla mang
neuron. Viéc két hop voi mang neuron nham giam yéu cau
tham s6 diéu khién 1on cha bo diéu khién RISE vi mot phan
khéng xac dinh clia phuong trinh dong luc hoc da duoc
triét tiéu béi mang neuron. Hiéu qua clia phwong phéap dé
xudt dugc kiém chirng trén ca mién thoi gian va tan s6,
duoc so sanh véi két qua diéu khién trén hé théng treo tich
cuc digu khién PID, hé théng treo ban tich cuc diéu khién
Skyhook cai tién va hé théng treo bi dong thdng qua
chuong trinh moé phéng trén Matlab.

2. MO HINH BONG LUC HOC HE THONG TREO MACPHERSON
TICHCUC
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Hinh 1. M@ hinh dao ddng 1/4 xe ctia hé thong treo Macpherson tich cuc

M& hinh hé théng treo 1/4 xe thwong dugc st dung dé
phan tich va thiét ké luat diéu khién cho hé théng treo. M6
hinh nay duoc biéu dién trén hinh 1. Cac nghién ctru vé viéc
thanh lap phwong trinh dong lwvc hoc cho hé théng treo
Macpherson da dwgc nghién clru trong cac bai bao [1-5] véi
céc gia thiét phé bién nhu sau: (1) bo qua cac chuyén dong
ngang cua khoi lvgng duoc treo, tiic la chi xét dao dong
theo phuong thdng dirng clia khéi lwong duoc treo, (2) tat
ca cac thanh phan ctia hé théng treo trlv 16p xe la tuyét doi
cng, (3) khdi lvgng cdia don ngang duwéi, thanh phan 10 xo,
giam chan coi nhw khéng dang ké, (4) 10 xo, I0p xe va giam
chdn ndm trong ving tuyén tinh ctia chiing. Lya chon dao
dong thang ding clia khdi lvgng dugc treo z, va géc quay
cla don ngang du6i 6 la cac toa do suy rong thi phuong
trinh dao dong clia hé théng treo tich cyc Macpherson
duoc biéu dién nhu sau:

X(1) =F(x) +G(x5)u, (1) +H(X;)z, (1) +d(1) 1)

Trong d6: x=[x, % % X]2[z z 6 6]avector

S

trang thai clia hé, u, € R 1a lvc diéu khién tich cuc, z, € R 1a
kich thich tlr mat dwong, d € R* la thanh phan béat dinh
trong phuong trinh dong luc hoc (1) bi€u dién cac nhiéu
ngoai tac dong vao hé thdng hoac cac phan dong luc hoc
chua duoc xét dén cla hé. Cac vector F, G, H € R* 1a cac ham
phi tuyén bao ham cac thanh phan bat dinh trong phuong
trinh dong luc hoc ctia hé (tham khao trong bai bao [15]).

3. MUC TIEU BIEU KHIEN VA THIET KE BO BIEU KHIEN
DUA TREN MANG NEURON VA BO PIEU KHIEN RISE
BAO HOA

Khoi lvgng duoc treo hay than xe ludn dao dong dudi
tac dong cua kich thich tir mat duwong, nhiém vu cla bd
digu khién hé théng treo tich cuc Macperson la dap tat
nhanh gia t6c dao dong thing ding clia than xe nham
nang cao dd ém diu chuyén dong, ddng thoi van gilr du do
bam mét dwdng dé dam bao dd an toan chuyén déng cho
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0 t6. V& phuong dién diéu khién, hé théng treo tich cuc
Macpherson la hé théng thiéu co cdu chap hanh (under-
actuated system) [15], do vay rat khé dé dat dong thoi ca
hai muc tiéu z, — 0 va 8 — 0 khi t —oo. Tuy nhién, dé dam
b4o do an toan chuyén déng cho 6 t6, géc quay clia don
ngang duéi 8 chi yéu cau bj chan trong mot gi¢i han xac
dinh, va diéu nay c6 thé dat dwgc khi do 1on cla luc ch
dong u, bi han ché trong mét gi¢i han cho truéc. Do vay,
muc tiéu diéu khién déi véi hé théng treo tich cuc
Macpherson la thiét ké tin hiéu diéu khién u, sao cho déng
thoi ca bién do, van téc, gia tdc dao dong théng dirng clia
khdi lvgng dwoc treo z.,z.,Z, — 0 khit — oo, voi tin hiéu
diéu khién bi han ché trong mét gi¢i han cho treéce U.

Tir muc tiéu diéu khién va céac budc thiét ké luat diéu
khi€n RISE bdo hoa, cic sai sO diéu khi€n va sai sd diéu
khién phu tro duoc dinh nghia nhw sau:

e, 2z, 6,2 €, + o, tanh(e,) + tanh(e,) (2)

r& é,+a,tanh(e,)+a,e, (3)
V6i a,,a, eR* 1a cac hang s6 diéu khién duong va tin higu
e, €R latin hiéu ra ctia hé con cé phuong trinh nhw sau:

é, 2 cosh’(e,){-y,e,+tanh(e, )-y,tanh(e, )} (4)

V6i y,,y, eR" cling la cac hang s diéu khién duong.
Gia thiét ring do duoc hoan toan céc bién trang thai bién
dd dao dong va van téc dao dong thang ding z.,z, cla
khoi lugng duoc treo. Can clv vao dinh nghia (2)-(4), cac sali
s6 diéu khién e,, e, la céc tin hiéu do duoc, nén c6 thé st
dung dé thiét ké diéu khién; con tin hiéu r 1a tin hiéu khong
do lwong duwoc, duoc st dung trong qua trinh phat trién
luat diéu khién.

Phuong trinh (3) cla hé hé dwoc viét lai dya trén
phuong trinh (1)-(4) nhw sau:

r=Cx-vye,+S (5)

Véi C2[a, 1 0 0]va

S=a,cosh™(e,)(e, —a, tanh(e,) - tanh(e,))

+a, tanh(e, )+ (1+a,a,)tanh(e,)

—(y, -0, )tanh(e,).

Muc tiéu digu khién la dap tat nhanh dao déng clia hé
théng treo tich cuc Macpherson (1) cé thé dat dwoc bang
st lwa chon cuia lwc diéu khién tich cuc u, c6 dang nhu sau:

u, 2 -Qy, tanh(v) (6)

Vi cac thanh phan trong luat diéu khién RISE bdo hoa
(6) s& dwoc giai thich cu thé sau day: Q eR la hang s6,
Q 2 CG véi GeR* 1a hing s woc lwvong tét nhat cho ma
tran dau vao G trong (1). Hang s6 Q trong (6) dwoc giad st 1a
kha nghich, hay c6 ton tai nghich dao. Thém nira, u(t) eR la
tin hiéu phu tro va la tin hiéu ra ctia hé con thiv hai nhv sau:

0 2 cosh?(v)[a, tanh(e,) +a,e, +Blsgn(e2)+WT0(VTx)] 7
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V6i B, eR* la hang s diéu khién, phan W'o(V'x) 1a
mang neuron hai I6p truyén thang dé xap xi cho mot phan
cla (5), véi W eR" va V eR** la cac ma tran trong s cla
mang neuron c6 L neuron trong I6p &n va ham o(.) eR" 1a
ham hoat dong clia mang neuron (thwong dwgc chon la
ham sigmoid hodc tanh). Ngoai ra, cAc ma tran trong sd W,
V dugc cap nhat theo quy luat sau [16]:

W = proj(T',,0e,),V = proj(I",xe,W ") (8)

VGi T, eRY, T, eR*™ lacac ma tran hang s6, xac dinh
duong va ddi xiing va ¢'=da (&) / dg|

e=vTx *
Phan tich luat diéu khién dwoc lya chon trong (6), tir
tinh chat cia ham tanh, ta thay lyc diéu khién tich cuc u, bi

b3o hoa trong gi¢i han ‘f)‘lyl‘ . Béng viéc Iya chon thich

hop cac hang s6 diéu khiény,, Q c6 thé thay d6i duoc gidi
han bao hoa cla lyc diéu khién u, dé dam bao duoc rang
dd 16n luc didu khién u, ndm trong mot gidi han cho trwdc

U, tire la: |u,| S‘f)‘lyl‘ <U.

Cac buwdc phan tich 6n dinh theo ly thuyét 6n dinh
Lyapunov khdng dugc trinh bay trong bai bdo nay do gidi
han cuda bai bao, cling nhu dinh huéng cla bai bao nay la
tap trung gidi thiéu phuvong phap va két qua mé phéng
kiém chirng culia thuat toan.

4. KET QUA MO PHONG

Hiéu qua cua bd diéu khién dua ra dwoc kiEm ching
qua chuong trinh m6é phéng dugc xay dwng trén phan
mém Matlab, 4p dung cho hé théng treo tich cuc
Macpherson c6 cac tham s6 dong hoc va dong lwc hoc cho
trong bang 1. Nhiéu tac dong d(t) dwoc lya chon cé dang té
hop cla ma sat tinh va ma sat dong cé dang:
d=[0 d(t) 0 d,(b)], trong d6 d, =5,3x, +8,45tanh(x,)
va d, =11, +2,35tanh(x,). Lvc diéu khién u, bi han ché
trong gi6i han |u,|<T=2700N, day chinh la gi¢i han 16n
nhét chia luc giam chén tich cuc trong [5]. Cac hang s6 diéu
khién cua bd diéu khién dé xuat dwoc lva chon nhu sau:
a, =2,0, =5y, =420, y, = 2, B, = 0,1, wéc lvgng cta ma
tran dauvao G=[0 0,002 0 0,0436]. Bidu kién ban dau
cla hé théng va cac hé con la x(0) = 0, v(0) = 0, & (0) = 0.
Mang neuron dugc thuc hién véi 7 neuron lop an va cac
tham s6 Iy, = 0,51,,, Iy = I,5, va hé s6 ban dau cla cac
ma tran trong s6 dwoc chon bang 0.

Béng 1. Cac tham s6 ddong hoc va ddng lyc hoc clia hé thdng treo Macpherson

Tham s6 Kihiéu Giatri
Khéi lvong duac treo m, 453 (k)
Khdi lrong khong dugc treo m, 71 (kg)
B cling clialo xo k, 17658 (N/m)
B0 cling clia phan tir I6p k, 183887 (N/m)
Hé s6 can gidm chan G, 1950 (N.sec/m)
Toa d0 clia diém A A 0,1074/0,5825 (m)
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Chiéu dai don ngang du6i Iy 0,34 (m)
Khoang cach OC I, 0,37 (m)
Goc quay ban dau clia don ngang 0, -13,7°

4.1. KEt qua moé phéng trén mién thoi gian

Trong m6 phéng trén mién thoi gian, 6 t6 duoc gia st di
chuyén véi van toc ¢ dinh 50mph va chiu tac déng cla
kich thich mat duwong dang bac cho Dbéi
z, =|z,[[1-cos(w,(t—0,5)) | v6i 0,5<t<T+0,5 vaz =0
néut< 05 hodct>T+ 05, trong d6 |z,|=5cm la nira chigu
cao ciia midp mé mat duong, w, =2nV/D, =21/T la tan
s6 kich thich clia mat duong, D, = 10m la chiéu rong cla
map md mat duong.

K&t qua diéu khién clia b6 diéu khién RISE bao hoa két
hop mang neuron trén hé théng treo tich cwc Macpherson
duwoc so sanh véi 3 hé thdng treo khac: hé théng treo bi
déng, hé thong treo ban tich cuc diéu khién Skyhook cai
tién [5] voi cac tham sb diéu khién K, = 200, K, = 20 va hé
théng treo tich cuc diéu khién bang luat diéu khién PID,
trong do K, = 2400, K, = 100, K, = 1150. Cac tham s6 diéu
khién nay déu duoc lva chon trong céac két qua diéu khién
t6t nhat clia cac bd diéu khién twong (ng trong gidi han da
cho cho lyc diéu khién.

10 = 1072
\
L Tich cuc dung RISE
I"l‘.\ “ e San tich cuc
Y = = i don
= 5r ;;’ “\\_\ =gl dung PID
) i i
; b L
o r—— \‘L' \ '__‘71 \A\_’ R
8 ’
1 \\ // 1 1 1
(0] 1 2 3 4 5
Thoi gian (s)
Hinh 2. Bién do dao dong thang ding clia khéi luong duoc treo dubi téc
dong chakich thich bac
0.4
0.2
"i o =
7 -0z =
— — — Bidong
04 Tich cuc dung PID
(o} 1 2 3 4 5
Thoi gian (s)

Hinh 3. Gia téic dao dong thang ditng clia khéi lveng duoc treo dudi tic dong
clia kich thich béc

0.02 Tich cuc dung RISE
EmemmE—= Ban tich cuc

— 0.01 — === B.i dong
g \\ Tich cuc dung PID
—~ o e
= _0.01

-0.02

-0.03 L L L

1 2 3 4 5

Thoi gian (s)

Hinh 4. Goc quay don ngang dudi tac dong ctia kich thich bac

102

I\'
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=z -5 £ I -
=1 v’ Bidong
| Tich cuc dung PID
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(0] 1 2 3 4 (3

Thoi gian (s)

Hinh 5. Khoang cach gitta khoi lrong duge treo va khdi lvong khong dugc
treo (Rattle space) dudi tac ddng ctia kich thich bac

0.1765
g Tich cuc dung RISE
P 0446 - Ban tich cuc
§ — — — Bidong
< 0.1755 —] Tich cuc dung PID
= 0175
£ 0.1745
fas]
0.174 .
1 2 3 4 5
Thoi gian (s)

Hinh 6. Bién dang clia 16p du6i tac dong clia kich thich bac
Dé danh gia hiéu qua ctia phuwong phap diéu khién
duogc gigi thiéu, cac dd thi cda dich chuyén z,, gia tdc dao
dong Z,, géc quay clia don ngang 6, khoang céach gilra
khéi lvgng duwgc treo va khéi lwvgng khdng dugc treo y
(khéng gian rattle), bién dang cla 16p y,, lan luvot duoc dua
ra & hinh 2-6. Nhan thdy, bién dd dao dong va gia téc dao
dong cua khéi lvgng dwgc treo clia hé théng treo tich cuc
st dung bo diéu khién dé xuét dap tat nhanh hon va cé do
vot 16 nhé hon so v6i cac truong hop con lai. Trong khi do,
géc quay clia don quay ngang, khéng gian rattle va bién
dang cua I6p duwoc gilr trong giéi han chap nhan dwgc. Tuy
nhién con qua sém dé két luan vé dé ém diu, vi day la két
gua tai 1 tan so xac dinh. D€ danh gia t6t hon can thuc hién
mo phdng trén mién tan s6.
4.2. KEt qua moé phéng trén mién tan sb
Trong md phéng trén mién tan sb, kich thich mat
duong duoc lva chon dudi dang ham diéu hoa hinh sin
c6 dai tan s6 f thay doi tir 1 t6i 30Hz, tlic z, =Asin(2mft)
v6i te[0,NT] voi N chon dU I6n, thong thuong N = 15 va
T = 1/f (s) . Hé so tiéu chuén (Variance Gain) st dung dé
danh gia dvoc dinh nghia nhu sau:;
2nN/w
_[ Z2dt
GZ(J(JL)) = an\?/w
_[ z dt
0
Véi z 1a dai lwvong quan tdm, dé lan luot 1a gia toc Z,
khong gian rattle y4 va bién dang cua I6p y,q. D06 thi két qua
duoc biéu dién & hinh 7-9. Nhan thay, vé phuong dién do ém
diu chuyén dong, hé théng treo tich cuc st dung bd diéu
khién dé xuat t6t hon bd diéu khién PID va hé thdng treo bi
dong trong moi tan s6 va hé théng treo tich cuc st dung
diéu khién dé xuét ciing cé két qua tdt hon so véi hé théng
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treo ban tich cuc diéu khién Skyhook cai tién trong dai tan so
4 - 8Hz (day la dai tan s6 anh hwdng nhiéu nhat dén con
ngudi). Ve phuong dién dd an toan chuyén dong thi két qua
clia phuong phap diéu khién dé xuét co gia tri dinh variance
gain clia Y va Y,y déu nhd hon cta hé théng treo ban tich
cuc va khdng Ién hon nhiéu so véi hai phuong phap con lai.
Nhu vay c6 thé khang dinh d6 ém diu chuyén dong duoc cai
thién dang ké véi phuong phap diéu khién dé xuat, trong khi
dé an toan chuyén dong & trong giéi han chap nhan dugc.

w
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Tich cuc dung RISE
= Ban tich cuc

— — — Bidong

Tich cuc dung PID

N
o
T

Variance Gain 10/0gy G (jw) [dB
N
a

10° 10’
Frequency (Hz)

Hinh 7. Variance gain clia gia toc Z,

6 =y
r gl
Tich cuc dung RISE I i
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4} |—— — Bidong 1
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N
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i
i
1
i
i
i
i
-
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-0
o
]

10"
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Hinh 8. Variance gain clakhong gian rattle y,,

49.7 23

Tich cuc dung RISE Wil
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— — — Bidong ! b3
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)
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Hinh 9. Variance gain clia bién dang clia I6p v
5. KET LUAN
Bai bao da gidi thiéu phrong phap diéu khién RISE bio
hoa két hop v&i mang neuron cho md hinh phi tuyén cda
hé théng treo tich cuc Macpherson. Véi luc diéu khién bi
han ché trong mot gi¢i han xac dinh. Trong bo diéu khién,
mang neuron duoc st dung nham x&p xi cho céc thanh
phan khong xac dinh trong phuong trinh déng luc hoc ctia
hé, cac ma tran trong s6 clia mang neuron dugc cap nhat
lién tuc dua trén luat cap nhat online. Hiéu qua ctia phuong
phap dé xuat dwoc kiém ching trén ca mién thoi gian va
tan s6 va duoc so sanh vai két qua diéu khién trén hé théng
treo tich cuc diéu khién PID, hé théng treo ban tich cuc
diéu khién Skyhook cai tién va hé théng treo bi dong thong
qua chuwong trinh mé phéng trén Matlab.
LO1 CAM ON

Nghién cru nay duoc tai trg bdi Quy Phat trién khoa hoc
va cdng nghé Qudc gia (NAFOSTED) trong dé tai ma so
107.01-2015.33.
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