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TOM TAT

Nghién ciru nay nham pht trién bg diéu khién PID mot no-ron hoi quy dé kiém sodt cac doi
twong chuwa xac dinh, ap dung thuc nghiém trén hé on dinh ap sudt Gunt-RT030. B diéu khién
PID duwoc t6 chire didi dang mot no-ron hoi quy 4 ngé vao. Trong do, mot ngé vao tiép nhén gid
tri hoi tiép tir ngé ra triede dé cia chinh bg diéu khién; 3 ngé vdao con lai nhdn 3 thanh phan gid
tri twong ung cua bo diéu khién PID. Dé hudn luyén bo PID mot no-ron hoi quy nay, gidi thudt
cdp nhat truc tuyén can mot gia tri ve dé nhay cua doi twong, goi la thong tin Jacobian. Do do,
mot mang no-ron RBF ciing dwoc hudn luyén truc tuyén dé nhén dang mo hinh doi twong va xdc
dinh théng tin Jacobian d6. Két qua thwc nghiém trén hé on dinh dp sudt Gunt-RT030 ciia hing
Gunt-Hamburg va so sanh véi bé diéu khién PID do nha san xudt cung cdp cho thdy bg diéu
khién @é xudt cé kha nang tw chinh va cho ddp vmg ciia doi twong dwoe cdi thién véi thoi gian
xac ldp giam (dat 6%0,3 giay), do vot I giam va sai $6 xdc ldp duoc triét tiéu.

Tir khéa: Mang no-ron RBF; PID; nhdn dang mé hinh; hudn luyén truc tuyén; thong tin
Jacobian.

ABSTRACT

This study aims to develop a recurrent single neural PID (Proportional Integral
Derivative) controller to control unknown plants, experimentally applying on the Gunt-RT030
pressure control unit. The PID controller is organized as a recurrent single neuron with 4 inputs.
Where, an input receives feedback value from previous output of the controller; and 3
remaining inputs receive corresponding components of the PID controller. In order to update
the weights of neuron, an online training algorithm needs a value of the controlled plant's
sensitivity, called the Jacobian information. Thus, a radial basic function (RBF) neural network
is also trained online for model identification and estimation of that Jacobian information.
Experimental results on the Gunt-Hamburg RT030 pressure control unit, and comparison with
the classical PID provided by the manufacturer show that the recurrent single neural PID
controller can be self-tuning and obtain better responses with setting time shortened (archived
6+0.3 seconds), overshoot reduced and steady-state error eliminated.

Keywords: RBF neural network; PID; model identification; online training; Jacobian information.

1. GIOI THIEU chinh thong sé cua bd diéu khién PID duoc

Trong cong nghiép bd didu khidn PID nhiéu nha khoa hoc quan tdm nghién ciru.

dugc su dung rong rai [1], tuy nhién, vdi cac Nhiing ndm gén day, nhiéu nghién ctru da
thong s6 cai dat ¢6 dinh da 1am han ché kha quan tam tmng dung mang no-ron nhén tao dé
ning thich tmg d6i v6i su bién d6i ddc tinh 6 chirc thanh cu tric didu khién PID nham
dong cua ddi tuong diéu khién [2]. Viéc ty  tan dung kha nang huén luyén dugc cua mang
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dé cap nhat thong sé cua bd diéu khién [2-4].
Tuy vay, voi giai thuat gradient descent, viéc
huan luyén truc tuyén bo didu khién c6 thoi
gian hdi tu cham, 1am anh hudéng dén thoi gian
qua do cta hé thdng, cu thé 1a 1am kéo dai thoi
gian xac lap cua dap tng. Do vay, bo diéu
khién PID dung mang no-ron chua that sy dap
mg tot yéu cau diéu khién, nén cac nghién
clru [2-4] phai tang cuong thém ky thuét didu
khién mo, 1am cho bo diéu khién no-ron mo
tré nén phue tap hon. Ngoai ra, viéc cép nhat
trong sb ctia b diéu khién dung mang no-ron
doi hoi phai c¢6 thong tin vé d6 nhay cua d6i
tuong, goi l1a thong tin Jacobian. Viéc nhédn
dang thong tin Jacobiban bang mang no-ron
mo [3] boc 10 han ché vé tdc dd hoi tu, 1am
anh huong dén thoi gian xac 1ap cta hé thng.

bé khic phuc van dé nay, mot ) nghién
ctru di to chirc bd diéu khién PID bang mot
no-ron tuyén tinh (single neural PID) va si
dung mt mang no-ron ham co sé xuyén tam
RBF (Radial Basis Function) dé nhan dang
thong tin Jacobian, thay vi st dung mang
no-ron mo [5, 6]. That vay, cac nghién cuu
[7-18] d4 phat trién thanh cong b diéu khién
PID mét no-ron c6 kha nang huén luyén tryc
myén vo1 bd nhan dang thong tin Jacobian
bang mang no- ron RBF. Tuy nhién, cac nghién
ctru nay chu yéu tap trung vao viéc phat trién
giai thuat va chii yéu minh hoa két qua thong
qua md phong trén may tinh, ma chua ap dung
vao kiém soat cac d6i tuong thyc té.

O nghién ctru [19], bd diéu khién PID
mét no-ron duoc ap dung thyc nghiém trén
mo hinh con lic nguge quay, nhung ket qua
cho thay thoi gian hoi tu cua cac thong 5O Kp,
Kb va K; ctia bo PID con rat cham, can dén 25
gidy moi dat gié tri can thiét. Diéu nay s& anh
huong dén dap ung qua do cua hé thong, nhu
da néu. Trong [20], bd PID mot no-ron dugc
ap dung trén hé 6n dinh 4p sudt Gunt-RT030,
v6i thoi gian hoi tu clia céc thong s6 cua bo
d1eu khién nhanh hon. Tuy nhién, dap u'ng
téng thé ctia hé 6n dinh 4p suit con cham, can
khoang 10 gidy moi xac 1ap duge. Pidu nay
chung t6 bd diéu khién van con tac dong yéu.

Céc b diéu khién PID mét no-ron trong
[7-20] déu str dung cau tric truyén thang don

gian. Phai ching ciu trac nay chwa du linh
dong dé phat huy hiéu qua kha ning ty chinh
cta bo diéu khién? Vi véy, nghién ctru nay dé
xuat huong hai huong tiép can co ban, bao
gom (i) cai tién cdu trac truyén thang cua bd
diéu khién PID mdt no-ron thanh ciu trac hdi
quy ma & do, ngd ra cua bo diéu khién PID
mot no-ron dugc hodi tiép vé ngd vao cua
chinh no; (ii) tién hanh thuc nghiém bo diéu
khién d& xuét trén thiét bi 6n dinh ap sut
Gunt-RT030, véi ky vong dat dugc thoi gian
xéc lap ctia hé théng ngan hon [20].

Nhu vy, nghién ctru ndy dé xuét viéc to
chtre lai bo diéu khién PID mot no-ron thanh
dang hoi quy v6i 4 ngd vao. Trong do, mot
ngd vao tlep nhéan gia tri hoi tlep tor ngod ra
truéc d6 cia chinh b diéu khién; 3 ngd vao
con lai nhan 3 thanh phan gia tri twong tng
ctia bo diéu khién PID. Dé huan luyén bo PID
mét no-ron hoi quy nay, giai thuat cap nhat
tryc tuyén ciling s& st dung thong tin Jacobian
tr bd nhan dang mang no-ron RBF.

Phan con lai cua bai bao duogc t6 chirc
nhu sau: Myc 2 trinh bay vé phuong phap
thiét ké bao gom nguyén tic diéu khién, bo
nhan dang d6i tugng ding mang no-ron RBF
va bo diéu khién PID mot no-ron hdi quy.
Muc 3 trinh bay céc két qua thyc nghiém trén
hé 6n dinh ap suat Gunt-RT030 dé danh gia
kha nang tu chinh cua bd diéu khién va tinh 6n
dinh cta hé thong dudi tac dong cua nhiéu tir
bén ngoai. Muc 4 trinh bay vé két luan va dé
xuat hudng phat trién ctia nghién ciru.

2. PHUONG PHAP THIET KE
2.1 Nguyén tic diéu khién

Céu trac b diéu khién PID mét no-ron
ho6i quy dya trén bo nhan dang mang no- ron
RBF duoc thiét ké nhu hinh 1, dugc phat trién
dua theo cac nghién ciru [8, 10, 12-16, 18-20].
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Hinh 1. Cdu triic PID mét no-ron héi quy
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Trén hinh 1, mang no-ron RBF c6 nhiém
vu nhan dang mé hinh cua dbi tuong, tu do,
xéc dinh d6 nhay cua dap tng ddi véi tin hiéu
diéu khién, goi 1a thong tin Jacobian. Tir thong
tin Jacobian nay, mot no-ron tuyén tinh véi 4
ngd vao dugc céu tric dang hdi quy s& duoc
huin luyén truc tuyén. No-ron hdi quy nay
dugc t chitc nhu mot b diéu khién PID sb,
ma & d6 3 trong 4 trong s ctia no-ron chinh 13
3 tham s6 Kp, Kp va K; ctia b diéu khién. Do
d6, bo diéu khién PID c6 thé tu chinh thich
nghi voi sy thay ddi cua dic tinh dong ctua hé
thdng, bang co ché huin luyén truc tuyén.

2.2 B nhan dang doi twong diéu khién

Bo nhéu} dang mang no-ron RBF trong
hinh 1, véi cau tric ba 16p, dugc xay dung dua
theo [7, 16, 20], nhu mo ta trén hinh 2.

Ve { k}

Hinh 2. Bé nhdn dang mang no-ron RBF

Trong d6, u(k), y(k) va ym(k) 1an lugt 14 tin
hiéu diéu khién, dap tmg cua ddi tuong va ngd
ra cta bo nhan dang, tai thoi diém k. Cac ham
Gauss duoc xac dinh boi [5-8]:

1)

véi x=[x1,X2,x3] "=[u(k),y(k-1),y(k-2)]" la céc
ngd vao ciia mang no-ron RBF gdm m nut;
ci=[C11,C12, ...,c1m;C21,C22, ...,C2m; C31,C32, ..., C3m]
12 ma tran tAm va bj=[by,b,,..., bm]" la véc-to
dd rong tuong ing cua cac ham Gauss; véc-to
trong s6 1a Wj =[W1,W, ..., wm] " Va ym 12 ngd ra
cua bd nhan dang:

Yu(K=wWh +Wh, +..+w h =>wh, (2)

j=1

Hiéu suit huin luyén dugc danh gia
thong qua ham muc tiéu (3), véi y(K) va ym(k)
lan luot 14 ngd ra cua doi twong va mo hinh.

Err(k) =2 (Y00~ Yo’ 3

Giai thuat cap nhat ma tran tdm c, véc-to
d6 rong b va véc-to trong s6 W ctia cac ham
Gauss dugc thyc hién boi [5-7]:

Aw, (K) = —n% =1(y®-y.(K)h,

J

w; (k) = w;(k—1)+ Aw; (k)

var(w, (k-1)—w, (k-2) @
OErr
Abj(k):—ﬂa—bj
—n(yK)-y (k))w-h-M
()W 5
b,(K)=b, (k—1)-+ Ab, (K)
cafb,(k-1)-b,(k-2)
Ac,—(k)=—nZE—err
_ [x=¢
=100yt
¢, (k) =c, (k—1)+ Ac, (k)
(6)

+a(c; (k-1)-c; (k-2))

trong d6 n 1a tdc d6 hoc, o 1a hé s6 moment.

Thong tin Jacobian dugc xac dinh bdi (7),
theo [8, 10-12] va s& dugc dung cho giai thuat
huan luyén bd diéu khién PID mdt no-ron.

m c;, —u(k
sz:Zthjn_z() (7
ouk) ouk) “3 b
2.3 B diéu khién PID mét no-ron hdi quy

Tin hiéu diéu khién cta bd PID sb duoge
xéc dinh boi [8-20]:

u(k) = u(k—1)+ Au(k)
Au(k) = K, e(k)+ K, ce(k)+ K; ie(k) (8)
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trong do, e(k) 1a sai biét gitra tin hi¢u tham
khao Yyrer(k) va dap trg y(k):

e(k) = Yoot (K) = y(K) (9)

va ce(k), ie(k) 1a cac thanh phin dao ham va
tich phan roi rac twong tng cua e(k).

‘Nghién cru nay dé xuét tin hi¢u diéu
khién c6 dang:
u(k) = Wllu(k_l) + lee(k)

(10)
+w,;ce(k) + w,,de(k)

vOi WT=[w11, Wiz, W13, Wis] 14 bd trong so cla
mot cau truc no-ron 4 ngd vao nhu hinh 3.

Tin hiéu diéu khién (10) s& linh hoat hon
nho co ché cap nhat bd trong s6 w. Trong dé
W11 cho phép chinh gia tri qua khir u(k-1) cia
tin hiéu diéu khién u(k); wi2 — W14 twong tmg
v6i 3 tham s6 ciia b diéu khién PID, cy thé 1a
Kp, Kp va Kj. Co ché hoi quy nay c6 thé duoc
xem 1a mot dé xuat hiéu chinh bo diéu khién
ma cac nghién ciru trudce chua trién khai.

Jacobian
(tt RBFID)

.
"
*
*,
A m

Hinh 3. B PID mét no-ron hoi quy

Bdn ngd vao tuwong tng cua no-ron PID
hoi quy hinh 3, véi cach tinh gan ding cac
thanh phan dao ham ce(k) va tich phan ie(k)
cua e(k) dugc xac dinh theo [4, 12]:

1) [u(k-1)
@ | |
X = %, (K) =l e(k)—e(k-1) (11)
2 e(k)—2e(k-1)
%(k) re(k-2)

B0 trong so cuia no-ron PID gom:

w' = [Wll 1 Wio, Wog ’W14]

(12)
=|:W11’Kp’Kd ’Ki]
Vi vay tin hiéu diéu khién la:
u(k) = wi u(k—1)+ i, X, (K) + WX, (K) (13)

+W,, X, (K) = W' X

Dé huan luyén truc tuyén no-ron PID nay,
ta dinh nghia ham muyc tiéu la:

EM=20-2 (Y 00-y®) (14

Giai thuat Hebb [8-9, 12, 18-20] dung dé
cap nhat tryc tuyén no-ron PID nhu sau:

Wy, (K) = Wy, (k) + Awg, (k) (15)
OE(k) oE oy ou
Awy, (K) = -7 =—n——=
@ Ty auom o
= ne(k)g u(k—-1)
ou
Wli(k):V\ﬁi(k)+AW1i(k)|i =234 17)
__oE() _ JE oy au
A= a0~ oy au o, )

:ne(k)%xi(k)p =234

Trong (16) va (18), gia tri dy/ou dugc xac
dinh boi (7), chinh la thong tin Jaco-bian cua
dbi tugng diéu khién, dugc xac dinh bang bo
nhén dang mang no-ron RBF. B§ diéu khién
PID mét no-ron hdi quy nay duogc trién khai

trén MATLAB nhu hinh 4.
Kp, Kd, Ki
SingleNeural_PID
Ts=0.1 (s)

u(k)

Hinh 4. Bé PID mét no-ron héi quy trén
MATLAB/Simulink
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Hinh 5. H¢ diéu khién dp sudt Gunt-RT030

3. KET QUA THUC NGHIEM
3.1 Péi twrgng thye nghi¢m

Nghién ctru nay tién hanh kiér}’l nghiém
trén thiét bi Gunt-RT030. Day la h¢ 6n dinh ap
suat khong khi do Gunt Hamburg san xuat,
kém co che diéu khién PID [21]. Trong [20]
va cac nghién ctru li€n quan da hoan thién co
ché giao tiep gira MATLAB va thiét bi
Gunt-RT030 qua card Labjack U12 [22]. Nén
ta dung cong cu nay dé kiém nghiém giai thuat
trén hé Gunt-RT030, v&i bo tri nhu hinh 5.

3.2 So d6 diéu khién thwc nghiém

So dd diéu khién thuc nghiém duge mo ta
trén hinh 6. Trong so dd niy, Xrer 14 tin higu
khao, X 1a dap tng ciia Gunt-RT030. Dé danh
gia chat luong bd diéu khién dé xuét, ta tién
hanh 2 thyc nghiém. O thuc nghiém 1, tin hi¢u
tham khao Xrer duoc thay doi trong qué trinh
diéu khién, dé danh gia kha nang ty chinh cta
bd diéu khién PID mét no-ron hdi quy. O thuc
nghiém 2, tin hiéu Xret dugc ¢b dinh, nhung ta
tién hanh mo van xa khi ¢ ngd ra cua binh khi
nén, véi mirc xa 1an luot khoang 10%, 25% va
40% ciia 6 mo van t6i da, dé gia lap tac dong
ctia nhidu ngoai 1én hé thong, dong thoi so
sanh dap g ctia bo diéu khién dé xuat véi bo
PID kinh dién ctia nha sdn xut.

Hinh 6. T{zuc nghiém diéu khién PID mét
no-ron hoi quy trén thiét bi Gunt-RT030

3.3 Ciu hinh h¢ thong

Trong so dd thuc nghi¢m hinh 6, cAu hinh
hé thong duoc trien khai nhu sau:

Bo nhan dang mang no-ron RBF: Bo
nhan dang dugc thuc hién trén MATLAB theo
so dd hinh 7. Trong d6, mang no-ron RBF ¢
cau trac 3-5-1, v6i 3 nat ngd vao nhan gia tri
x=[u(k),y(k-1),y(k-2)]", twong tng 14 tin hiéu
diéu khién tai thoi diém k va hai mau qua khi
ctia dap Ung tai thoi diém (k-1) va (k-2). Lép
an cia mang gdm 5 nit, twong ung 1a 5 ham
Gauss va 16p ra gdm 1 nit cung cap gia tri ngd
ra ym(k) ciia b nhan dang. Thong tin Jacobian
duogc tinh toan theo (7) va Err(k) duoc xac
dinh theo (3) dé cap nhat mang RBF va tinh
toan hiéu suét huin luyén.

RBF_Identifier

RBF

X(k-2)

Hinh 7. Bé nhdn dang trong MATLAB

Viéc khoi tao cac tham sd cua bd nhén
dang mang RBF c6 anh huong dén tdc d6 hoi
tu cua giai thuat huén luyén va tam hoat dong
ctia mang, kéo theo anh hudng dén thoi gian
qua do cua dap tmg. Trong do viéc chon lya
ma tran tdm C va véc-to do rong b ctia cac ham
Gauss c6 anh huong rat quan trong. Thong
thuong khoang giad tri cua tdim ¢ dugc chon
gan v&i khoang gidi han gia tri bién do cta cac
ngd vao va b duoc chon di rong dé nang cao
pham vi hoat dong ctia mang [23]. B tham s6
cia mang no-ron RBF trong thuc nghiém nay
duoc khoi tao theo [23] va c6 diéu chinh theo
phuong phép thir-sai, cho trong bang 1.

Bdng 1. Gia tri khoi tao mang RBF

Thamsé Ky hi¢u Gia4 tri khéi tao
-100 50 0 50 100
Ma tran tim Co -1 -05 0 05 1
-1 05 0 05 1

Véc-to do rong  bo 40 40 40 40 40

Ngau nhién trong khoang gia tri

Trong s6 Wo [0,1]
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He s6 hoc n 0.1

Hé sé m6- men  «a 0.1

Bé diéu khién PID mét no-ron héi quy:
Day 1a mot no-ron tuyén tinh, c6 cdu trac 4-1,
v6i 4 ngd vao, 1 ngd ra (hinh 3). O thuc
nghiém nay, trong s6 cua no-ron duge khoi
tao ngdu nhién trong [0,1] va hé sé hoc duoc
chon theo kinh nghiém, véi gia tri 1a #=0.05.

Cdu hinh MATLAB: B$ diéu khién dugc
chay trong Simulink cua MATLAB 6 ché do
10 rac, voi thoi gian 1dy méu Ts=0.1 giay.
Card Labjack U12 [22] cho phép két ndi gilta
MATLAB va thiét bi Gunt-RT030 qua cong
truyén thong nbi tiép USB. Card giao tiép nay
chiu trach nhiém truyén tin hiéu diéu khién tur
MATLAB xubng thiét bi, ddng thoi né doc gia
tri cam bién tir thiét bi va tra vé mdy tinh. Véi
cAu trac nay, ta hoan toan co thé thiét ké cac
kiéu diéu khién phuc tap trén may tinh dé
kiém sodt thiét bi Gunt-RT030.

3.4 Két qua thuc nghiém
Thyc nghiém 1:

O thuc nghiém nay, Xret dugc thay doi tir
0,6 bar dén 1 bar trong qua trinh diéu khién.
Dép tng ngd ra va tin hiéu diéu khién nhu trén
hinh 8. Két quéa cho thay dép tng X bam sat
theo Xref v6i thoi gian xac 1ap thong ké duoc 1a
6+0,3 gidy, ngan hon thoi gian xéac 1ap 10 gidy
ctia [20]. Luu y rang, khi giam Xrer (tai gidy
175), hé Gunt-RT030 khong c¢6 co ché hit khi
trong binh ra, nén khi tin hiéu diéu khién vé 0,
thoi gian xa khi phu thugc vao d6 mé cua van
x4. O chu ky nay, bo diéu khién tré nén thu
dong, nén ta khong danh gia dap rng cua no.

Gunt-RT030 pressure control by Recurrent Singleneuro PID
1 [

—_ = X

Pressure (bar)

X_NeuroPID

o 50 100 150 200 250 300

Control signal

50 100 150 200 250 300
Time (s)

Hinh 8. Ddp ing cua hé Gunt-RT030
VO Xref thay doi

Compressor Power (%)
(4]
o

o

Hinh 9 trinh bay két qua nhan dang ngd ra
ctia d6i tuong va thong tin Jacobian. Két qua
cho théy bd nhan dang da hoat dong tt trén
dbi twong thuc té. Hinh 10 trinh bay cc tham
s6 Kp, Kb va K dugc thay d6i trong qua trinh
diéu khlen Do hé Gunt-RT030 la tuyen tinh,
nén yéu cau tu chinh tham sb b diéu khién
khong 16m, song két qua ciing di minh ching
dugc kha nang tg chinh cia bd PID mdt
no-ron hdi quy.

RBF Identifier

f:‘_‘- 1
8
=08
o
206
i
g 0.4
0.2
o] 50 100 150 200 250 300
0.03
§0.02
z
o
o
& 0.01
0
0 50 100 150 200 250 300
Time [s]

Hinh 9. Pdp ing ciia bo nhdan dang

, Ki and Kd
205 Kp
(=N m
I3
198
0 50 100 150 200 250 300
23
.2
18
0 50 100 150 200 250 300
3.0
=
b
1.5
0 50 100 150 200 250 300
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Hinh 10. Tham sé cia b PID mét no-ron
Thyc nghiém 2:

O thuc nghiém nay, ta gitt nguyén Xret &
0,8 bar va md van xa 1an luot & 3 muc: 10%,
25% va 40% d6 mo tbi da ctia van. Pap tng
ctia hé thdng trong thuc nghiém nay nhu trén
hinh 11. Thuc nghiém ciing lap lai voi
truong hop sir dung gia tri mac dinh cia b
PID kinh dién do nha san xuat cung cap. Két
qué hinh 10 cho thiy dap tng ctia b PID mot
no-ron hdi quy nhanh hon bd PID kinh dién.
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Gunt-RT030 Control with variable discharging
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Hinh 11. So sanh b PID mot no-ron hoi quy
va bo PID kinh dién

4. KET LUAN

Nghién ctru nay dé xuat mot co ché diéu
khién théng minh ding mang no-ron. Pdi
tuong diéu khién duoc nhan dang boi mot
mang no-ron RBF, nham tim kiém gia tri do
nhay cua no, goi la thong tin Jacobian. Bo
diéu khién PID dugc t6 chirc dudi dang mot
no-ron hdi quy 4 ngd vao. Trong d6, mot ngd
vao tiép nhan gid tri hdi tiép tir ngd ra trude do
clia b dicu khién va ba ngd con lai nhan 3
thanh phan gié tri twong tng ctia bd PID. Giai
thuat Hebb dugc dung dé cap nhat truc tuyén

bd trong s cta no-ron PID, véi su tham gia
cua thong tin Jacobian tra vé tir bd nhan dang.

Thyc nghiém trén thiét bi Gunt-RT030
cho théy bd nhan dang mang no-ron RBF hoat
d6ng hiéu qua va cung cap thong tin Jacobian
hitu dung; bd diéu khién PID mot no-ron hdi
quy c6 kha nang tu chinh tham s6 Kp, Kp va K|
trong qua trinh diéu khién. Pong thoi, giai
thudt dé xuét ciing cai thién dugc chét luong
diéu khién, vé6i thoi gian xac lap ngan dat
6+0,3 gidy, do vot 16 khong dang ké va sai sd
xac lap duoc triét tiéu. Két qué thuc nghiém
cling cho thiy bo diéu khién dé xuét cho dap
g t6t hon b diéu khién PID kinh dién do
nha san xuat cung cp.

Mic du bd diéu khién dé xuat da dugc
thuc nghiém véi tin hiéu do dac tir cam bién
ham chutra nhidu thuc té. Song, viéc khao sat
tac dong cua nhifu, nhét 1a tac dong 1én bo
nhan dang van chua dugc khao sat bay ban.
Do do, huong phat trién ctia nghién ctru nayla
tién hanh thyc nghiém trén hé phi tuyén that
dé danh gia day du kha nang ty chinh cta bo
diéu khién; dong thoi khao sat dap tng khi c6
su thay doi dic tinh dong ctia dbi twong, cung
nhu khi c6 nhiéu tac dong tir bén ngoai, nhat
1a tac dong dén qua trinh huan luyén online bd
diéu khién va bo nhan dang.

- New Identification and Design

Intelligence
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