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Recurrent fuzzy neural networks (RFNNSs) has been successfully
verified by many studies on simulation. However, the experimental
controls on actual devices are still limited. There exist even some
opinions that with a slow online training algorithm, it is difficult for
RFNNs to guarantee the signal communication. This study conducts
and experiments with a RFNNs — based supervisory control technique
on the RTO020 liquid flow control system of the Gunt-Hamburg,
Germany. The RFNN controller parameter updating algorithm uses
Jacobian information provided from a non-parameter model identifier,
also using another RFNN. Experiments on the RT020 show that the
RFNN controller has contributed to reduce the settling time, from about
12 seconds down to 8+0.5 seconds without stady-state error, and
negligible overshoot. Besides, with external factor affected on the
RT020 system by forcibly reducing the pump power, experiments have
proven that the RFNN controller is effective in bring the system
response back to the reference value quickly and stably.
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Mang no-ron mo hoi quy (recurrent fuzzy neural networks - RFNNs) da
duoc nhidu nghién ctu kiém chimg thanh cong trén mé phong. Tuy
nhién, cac thuc nghiém diéu khién thiét bi thuc van con han ché. Tham
chi c6 quan diém cho ring véi toc d6 huin luyén truc tuyén cham,
RFNNs kho dam bao yéu cau truyén thong tin hiéu. Nghién ctru ndy tién
hanh kiém nghiém k§ thuat diéu khién giam sat dung RFNNs trén hé on
dinh luu lugng chét long RT020 ciia hing Gunt-Hamburg, Dic. Giai
thuat cap nhat tham s6 bo diéu khién RFNN c6 dung thong tin Jacobian
duoc cung cap tir bd nhan dang mé hinh khong tham s6 cua dbi tuong,
ciing dimg mot RENN khéc. Cac thuc nghiém trén hé RT020 cho thay bo
diéu khién dung RFNN’s da lam giam thoi gian xac 1ap cua dbi tuong, tir
khoang 12 gidy, giam xudng con 8+0,5 gidy, khong xuat hién sai s6 xac
lap va do vot 16 khong dang ké. Bén canh do, khi gia 1ap su tac dong cua
yéu td bén ngoai 1én hé RT020 bing cach giam cudng birc cong sudt may
bom, két qua thic nghiém ciing da ching minh duoc bo didu khién ding
RFNNSs hoat dong hiéu qua trong viéc dua dap tng cua ddi twong quay vé
gié tri tham khao mot cach nhanh chong va 6n dinh.
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1. Gioi thiéu

Ngay nay ky thuat diéu khién PID (proportional integral derivative control) da dwgc ung dung
trong hau hét cac linh vuc cong nghiép [1]. Nhiéu hang thiét bi da tich hop k¥ thuat dleu khién
nay vao cac mo-dun gon nhe, dé dang lap dat va van hanh [2]. Viéc hiéu chinh tham s6 bo diéu
khién nay chu yeu van dua vao phuong phap gan ding Ziegler- Nichols [1], [3]. Tuy nhién, do
cac dbi tuong diéu khién thuong phi tuyén va bi tac dong boi nhiéu yéu to trong qua trinh van
hanh nhu sy thay doi cua tai, su tac dong ciia moi truong cong nghiép... ma cac kiéu diéu khién,
du don gian, d& bao dudng nhung lai khong dap ung that su t6t [4]. Ngoai ra, nhu di dé cap, do
dbi twong bi tac dong bai nhiéu yéu té bén ngoai, lam cho tham sé caa déi tuong bi thay doi
trong qué trinh van hanh. Piéu nay anh huong dén chat lugng diéu khién, ddi véi cac giai phap
thiét ké doi hoi phai biét trudec md hinh toan cta dbi tugng, nhu kiéu diéu khién PID truyén thng
[4], [5]. Trong truong hop khong xéac dinh duge md hinh toan cua dbi tugng, giai phap hiéu chinh
gan dung Ziegler-Nichols doi hoi nhiéu thoi gian dé tinh chinh [6]. Trong khi dé, viéc xac dinh
chinh x4c mé hinh toan ctia ddi trong khong phai luc nao ciing dat duoc. Piéu nay din dén viéc
hinh thanh hai truong phai nghién ctru. Truong phai thir nhat tiép can theo huéng mé hinh hoa
dbi twong cang ngay cang tét hon dé 1am co s& cho thiét ké. Truong phai thtr hai khong dit ning
van dé& do chinh xac ctia mo hinh toan, ma phat trién cac giai thuat diéu khién dya trén tin hiéu
vao, ra ciia ddi tugng nhu diéu khién dung mang no-ron nhéan tao [7], [8] hay dua vao kinh
nghiém chuyén gia nhu dung k§y thuat diéu khién mo [9], [10]. Tuy nhién, cic nghién ctru nay
van ton tai mot s han ché nhat dinh. That vay, cho du sir dung bo diéu khién PID truyén thng
hay bo diéu khién mo hoic bo diéu khién ding mang no-ron nhén tao véi co ché huan luyén off-
line, chung chi ¢6 thé dap ung tét ¢ thoi diém trién khai thiét bi. Theo thoi gian, do diéu kién
cong nghiep khac nghiét, dong luc hoc cua dbi tuong thay d6i, trong khi d6 cac bo diéu khién
trén déu khong c6 co ché ty chinh dinh lai tham s6, dan dén két qua diéu khién s& bi kém dan
theo thoi gian.

Nhimng nim gin déy, mang no-ron mo hoi quy, goi tat 1a mang RFNN (recurrent fuzzy neural
network) to ra co nhiéu wu thé vi kha ning x4p Xi cac ham phi tuyén rat tot [11] va co ché huan
luyén truc tuyén hiéu qua cia n6. Mang RFNN da dugc Gng dung thanh cong trong diéu khién
robot Delta [12] — [14] va cac hé phi tuyén khac nhu hé ciu can bang véi thanh va bong [11].
Ngoai ra, nhom nghién ctru da xay dung bo didu khién giam sat (supervisory control) [15] trén
MATLAB/Simulink dua trén mang RFNN va md phong thanh cong trong diéu khién dong co
khong déng b6 3 pha [16]. Trong nghién clru nay, nhom tiép tuc kiém nghiém bo diéu khién trén
mo hinh 6n dinh lvu lwong chéat long RT020 caa hing Gunt- -Hamburg, Duc [17]. M6 hinh hé on
dinh luu lwong chat long RT020 da dugc [6] hd tro cong cu giao tiép gitta MATLAB/Simulink va
thiét bi thong qua card giao tlep Labjack U12 [18], thuan lgi cho qua trinh kiém nghiém thyc té.
Viéc kiém soat luu lugng chat long co y nghia quan trong trong cdc nganh cong nghiép nhu thyc
pham — nudc giai khat, dau mo, hoa chat — dugc pham, san xuét gidy, dién... nén cha dé nay van
con dang duoc tiép tuc nghién ctru va phat trién.

2. Phwong phap nghién ciru
2.1. M6 hinh thuc nghiém

Déi tugng thuc nghiém trong nghién ciru nay 1a hé 6n dinh luu lwong chat long RT020 cua
hing G.UN.T Geritebau GmbH [17], dwogc minh hoa trén Hinh 1. Hé nay gdm c6 cac ngd vao-ra
nhu sau: X 14 luu lugng nuée thuc té trong dudong 6ng kiém soat (0-160 I/h, dbi twong diéu
khién), Z 1a cong sudt may bom nudc (0-100%) vao dng dan — cong suit nay co thé thay doi tu
do dé gia 1ap nhidu cua tic dong vao hé théng va Y 1a cong suét van diéu tiét luu luong trong
dudng ong kiém soat (0-100%, tin hiéu diéu khién). Nhiém vy co ban cua bo diéu khién 1a kiém
soat goc cong suat ma van tiét lwu Y, dé gitr 6n dinh luu lwong X cua chat 1ong trong mang, thich
g véi su thay doi ctia cong sudt Z cia may bom.
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RT020 duge xdy dung va dong goi san cac bo diéu khién P, PI, PID va ON-OFF trén
Labview. Nguoi van hanh chi ¢6 thé thay ddi cac thong s6 nhur: tin hiéu tham khao, tham s6 bo
diéu khién, mot sé thong sb vé chat luong diéu khién va an toan. Chuong trinh giao tiép gitra
MATLAB va thiét bi RT020 dugc xay dung boi [6], thong qua card LabJack [18], dé doc va hién
thi gia tri cam bién, ciing nhu xut cac tin hiéu diéu khién cac bo phan chap hanh nhu: may bom,
van tiét luu... Nho co ché giao tiép nay, bo diéu khién co thé thiét ké tréen MATLAB va truyén
tin hiéu diéu khién xuéng thiét bi mot cach dé dang.

o w100 = ™) ‘

————

Hinh 1. H¢ thuc nghiém RT020 [6]

2.2. Nguyén Iy diéu khién

Nguyén 1y diéu khién d& xut trong nghién ctru nay duoc ké thira va két hop nhiéu cong trinh
da cong bo va da xay dung thanh cong trén MATLAB/Simulink [16]. Bo diéu khién PID két hop
v6i bo diéu khién ding mang no-ron md hdi quy (RFNNC) tré thanh mot ki thuat diéu khién
giam sat (supervisory control), dugc xay dung dua theo [15]. Nguyén tic nhan mé hinh dbi tuong
ding mang no-ron mo hdi quy (RFNNID) dé xac dinh d6 nhay cua ddi twong, goi 13 thong tin
Jacobian duge xay dung dua theo [11] — [13]. Hinh 2 trinh bay so d6 nguyén 1y cua hé diéu khién
duoc xay dung trong nghién clru nay.

Yrer S 7+ u Hé 6n dinh luvu o
+ & ~ lwgng RT020

Vre,
O 2 u, 1/z
Jaco| RENNC Z ». T

Y1)
RFNNID Tieo

Uk |

Hinh 2. Nguyén Iy diéu khién diing mang RENN cho hé RT020

Trong so dd Hinh 2, d6i twong diéu khién 1a hé 6n dinh luu lugng chét long RT020, duoc
kiém soat va gitr 6n dinh boi bo diéu khién PID mic dinh cta [17]. Tuy nhién, cac tham sé ¢
dinh cua b PID khong du linh hoat dé thich &ng véi su bién thién cua doi tugng, vi du thay doi
cong suit may bom. Vi vay, bo diéu khién RFNNC duoc ting cuong, dé tinh chinh dap ung cua
dbi twong va thich nghi v6i su bién d6i cua dbi twong nho co ché huan luyén truc tuyén cia né.
Giai thuat cap nhat trong s cua bo diéu khién RENNC duoc trién khai theo [19] va cac cai tién
trong [11] — [14]. Giai thuat nay can thong tin Jacobian, nén bo nhan dang mé hinh di twong
RFNNID ciing duoc xay dung. Bo nhan dang RENNID ciing dwoc huan luyén truc tuyén dé cung
cap kip thoi théng tin vé sy bién do6i ctia d6i tuong cho bo didu khién.
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2.3. Nh@n dang mé hinh déi twong ditng RFNN

B6 nhan dang dbi twong duoc st dung trong nghién ctru nay 1a mot hé suy didn mo duogc thuc
hién boi mdt mang no-ron héi quy nhiéu 16p, goi tat 1a bo nhan dang RFNNID, duoc trién khai
theo [19] va dugc minh hoa trén Hinh 3. Cu triic bo nhan dang RFNNID d3 duoc nhom nghién
ctru trinh bay chi tiét trong [16]. Goi u(k) va y(k) 1an luot 12 ngd vao va ngd ra ciia ddi twong diéu
khién tai thoi diém lay mau thir k; goi Y, (K) 1a ngd ra ctia bo nhan dang RFNNID. Bo nhan
dang RFNNID str dung ngd vao u(k) va y(k-1) d& nhan dang ngd ra ym(K), gan nhét véi ngd ra y(k)
cua dbi tugng. B nhan dang RFNNID dugc xay dung gom 4 16p, véi 16p vao ¢6 2 nit, 16p mo
hoa c6 10 nat, 16p luat mo gom 25 nat va 16p ra c6 1 nat [16].

: : >
u(k) ,| Héén ainh luu v o
Iwgng RT020
L+
= "4 Yk RFNN_ID2
H RFNNID ;
RFNN Identifier
u(k) Jacobian

a) b)
Hinh 3. a) Nguyén tic bg nhdn dgng RFNNID; b) Bé nhdn dang RFNNID trong MATLAB

Goi Oy (k) 1a ngd ra cia RFNN, thi ngd ra ciia bo nhan dang RENNID la:

Y (k) =0% (k) = f [x,(k), %,(K)] = f [uk), y(k -] o
Ham muc tiéu cta giai thuat huan luyén dugc dinh nghia nhu (2):
£ =21y -y (W] =3[ y00 -0} 0] @

trong d6 y(K) 1a dap ung ciia ddi tuong, Y, (K) ngd ra cua bo nhan dang.
Str dung thuat toan lan truyen nguoc (back propagration), bo trong sb két ndi caa RFNNID s&
dugc diéu chinh theo nguyén tic sau:

W (K) =W (k —1) + AW (k) =W (k —1) +n(—%’(\f)] 3)
trong d6, 17 € (0, 1) 1 hing s6 toc d6 hoc va W 1a tham sé can diéu chinh trong qua trinh huén
luyén bd nhan dang RFNNID.

Goi e(k) = y(k) — y,, (k) vd W =[6,m,o,w]" 1a sai s6 hun luyén va véc-to trong s6 két

ndi cia RENNID, thi gradient cua E(.) trong (3) theo W duoc xac dinh nhu sau [11]-[13], [19]:

B e Aald gy 22 )
V6i nguyén tic nay, bd trong s cua tirng 16p mang RENN du:()’C cap nhat bai [11] — [13], [19]:
W (k +1) = w (k) +f7W£— o E(L‘)J W (K) +7"e(K)O; (5)
ij
m; (k +1) =m; (k) + 7" (— OE (k) J: m; (K) +7" > e(k)wOf M 6)
om, k ()
2ot (k)—m |
oy (k+1) =0, () + 17 [ 5E(")J 0,00+ 3 eOW, 0 [((;)m] (7)
ij oy
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2)[ 0f (k) —m; |0 (k 1)
2
()
Trong d6 775\5 wmog 14 CAC hang sb toc do hoc twong tmg. Ngoai vai trd uéc lugng ngd ra cua

md hinh déi tuong ym(K), b6 nhan dang RFNNID con u6ce luong thong tin Jacobian dy(K)/ou(k) dé
huan luyén truc tuyén bo diéu khién RFNNC. Théng tin Jacobian dugc xac dinh nhu (9) [11], [19]:

saco(k) = Y 80! =Z{804 00 }:iw‘;{@o‘* }
q

OE (k)
PY

Ok +1)=61(k) +7 ( J= 00+ " S eCowior ®)

ou(k) ou 43|00; au ~ ou
207 902 }

- 4 e P
B ;Wij {Z o0% ou

[ a0? (-2)[0r () -m,
) Zq:Wij {ZS; 90 [(o-”) :l}

(9)

2.4. B diéu khién gidm sdt két hop PID-RFNN

Nguyén tic diéu khién giam sat két hop giita bo diéu khién PID truyén thong va bo diéu khién
RFNNC duoc thuc hién dua theo [15] va duoc minh hoa trén Hinh 4. B diéu khién giam sat nay
duoc goi tat 1a bo diéu khién PID-RFNNC. Tham sb bo diéu khién PID duoc giir gia tri mic dinh
do hing thiét bi cung cip dé thuan lgi cho viéc so sanh chat luong diéu khién giira kiéu diéu
khién PID kinh dién va kiéu diéu khién giam sat PID-RFNNC.

Yrerl k)
Jaco(k)
RFNN_C2 (1)
Hé 6n dinh lva y® TV u_rfnn

lrgng RT020

RFNN_Controller

(b)
Hinh 4. o) Nguyén Iy diéu khién giam sat PID-RFNNC; b) Bé PID-RFNNC trong MATLAB

Tin hiéu diéu khién giam sat trong so d6 Hinh 4a duoc xac dinh nhu sau:

u(k) =u, (k) +u, (k) (10)
trong do, Up(K) tin hiéu diéu khién PID va la Un(K) tin hi¢u diéu khién giam sat RENNC.

Tin hiéu diéu khién PID kinh dién up(K) dé dang xac dinh theo cong thire. Nhung tin hi¢u diéu
khién giam sat RFNNC duoc xac dinh thong qua mang RFNN. Céu tric ctia mang RFNNC duoc
thyc hién giong nhu céu trac ctia b nhan dang RFNNID. Tuy nhién, ngd vao cta mang RFENNC
su dung truc tiep tin hiéu tham khao Yr(k) va thong tin Jacobian (9) tai thoi di€ém k do b
RFENNID cung cap, dua theo thiet ke cua [19], [20]. Ham hi¢u suat huan luyén mang RFNNC
duogc thyc hién theo [15], nhu sau:

E(k)z%[un(k)—u(k)]z (1)

3. Két qua thwe nghiém
3.1. Bé tri thuc nghigm

So d6 thyc nghiém diéu khién giam sat h¢ RT020 cua nghién ciru nay dugc xdy dung trén
MATLAB/Simulink va minh hoa bo tri thuc nghiém dugc thé hién trén Hinh 5. Trong d6, bd
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diéu khién PID duoc xdc 1ap gia tri méc dinh, voi tham s6 bo diéu khien K, = 0,01, K= 0,5 va Kq
=0, dugc cung cap boi hang Gunt [17].

RFNN Supervisory

X
E Control System
Discrete
Xref + Nt
of

o
PID Ctr E"O % ‘3&.‘
— OFF inl A =
T ¥ —-—
Pump z P,
X erc [0-100]
Xref u_rfnn b——
Saco
RENN_Ctr
Xrfnn
Jaco u

RFNN_ID

@) (b)
Hinh 5. a) So do diéu khién gidm sat hé RT020; b) Bé i thuc nghiém
3.2. Mgt sé két qua thuc nghigm
3.2.1. So sanh b¢ diéu khién PID va bé diéu khién gidam sat PID-RFNN

Trong thuc nghiém nay, luu luong tham khao dugc dit ¢ 80 lit/gior trong 20 gidy déu tién. O
20 giay tiep theo, luu lugng tham khao dugc nang 1én 120 lit/gio.

o RFNN-based Supervisory Control for RT020 - Exp.#1

= - S
= 100 o~ r e X_ref
= vas - = — -X_pid
B s0 X_rfnn
(=]
=
o]
o] 10 20 30 40
Time (s)
100
— — — — —u_pid
dg" —_ u_rfnn
2 sof, ~ =
32 o~
= N
o
(u] 10 20 30 40
Time (s)
Y S ? HEY
Hinh 6. Két qua thuc nghiém #1
= Components of supervisory control signal - Exp.#1 RFNN-based Model Identification - Exp.#1
%"100 140
g — 120
= Sow £ 100
=] E 80
3o X 80rh X
S} 5 10 15 20 25 30 35 40 R 40 o xm
g““ 20 th m
S L 0 10 20 30 40
£ w 3
10
é 0
! -2
s o 5 10 15 20 25 30 35 40 c 4
=100 2 &
2 (——] g s
8 so = 40
= -12
= o -14
0 5 10 15 20 25 30 5 40 o 1o 20 30 40
Time (s) b) Time (s)
a)

Hinh 7. a) Tin hiéu diéu khién thuc nghiém #1; b)Két qua nhan dang thyc nghiém #1

Két qua Hinh 6 cho thdy bo diéu khién dung RFNNs da cai thién dugc chat lugng diéu khién PI.
Cu thé, bo diéu khién PI ctia [17] cho d6 vot 16 cao (~30%), nhung khi két hop no véi bo diéu khién
RFNNC thi d6 vot 16 da giam manh. Khi giai thuat huan luyén cac mang RFNN d3 6n dinh thi do
vot 15 cuia dép tmg khong con dang ké nira. Thoi gian xac 1ap cua dap ung dat tir 7,5 dén 8,5 gidy,
phtt hop véi thuc tién. Trong khi do, bo diéu khién P1 cho thoi gian xac 1ap khoang 12 giay.
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Hinh 7a trinh bay céc tin hiéu diéu khién thanh phan cua ky thuat diéu khién giam sat dung
RFNNs. Thanh phén tin hiéu diéu khién do bo RFNNC tao ra di giap cai thién chét luong diéu
khién khi ma thanh phan diéu khién Pl bat dau co tdc do bién thién cham lai & ché do xac 1ap.
Hinh 7b trinh bay két qua nhan dang ngd ra ciia hé RT020 va thong tin Jacobian cua ddi tugng.
Két qua cho thiy bo RENNID da nhan dang tot luu luong chat long. Thanh phan Jacobian wdc
lwong duoc tir bo nhan dang RFNNID hd tro tét cho thuat cap nhat truc tuyén bo diéu khién
RFNNC.

3.2.2. Khdo sdt chdt lwong bé diéu khién RFNN

Hé RT020 dd duogc hing tich hop co ché cudng birc giam téc d6 may bom bang cach khdng
ché mach driver cua thiét bi. Theo d6, cong sudt ciia may bom cé thé dugc cai dat tir 0 dén 100%,
tai ngd vao tha hai (Z) cua dbi tuong diéu khién (ky hiéu 1a Pump trén Hinh 5a) [6]. Khi Z=0
(%), bat ké tin hiéu diéu khién (Y) 14 bao nhiéu thi hé van khong hoat dong. Khi Z=100 (%) thi
may bom s& hoat dong tity thudc vao ngd vao diéu khién Y. Dé gay nhidu 1én thiét bi ta co thé
giam gia tri Z. Vi du, khi Z=80 (%) thi du cho tin hiéu diéu khién Y dat tri cuc dai, thi cong suat
clia may bon van chi hoat dong & 80%. Vi co ché trén, trong thi nghiém nay Z s& dugc giam
xudng mic 50% va sau d6 duoc nang 1én 75% dé khao sat dap (g cua bo didu khién.

RFNN-based Supervisory Control for RT020 - Exp.#2

— 100 =
£
-
o
I S50H
> /
E4
75% pump power —rme—— X_ref
0
0 10 20 30 40 50 60
Control signal - Exp.#2
100 9 P
— | F‘ump_pawer|
(¢4}
=
o
o
a2
>
0 10 20 30 40 50 60

Time (s)
Hinh 8. Két qua thuc nghiém #2

Hinh 8 trinh bay két qua thuc nghiém khi ¢ can thiép giam cudng bic cong suit may bom
nude trén hé RT020. Khi cong sudt may bom bi giam cudng buc xudng 50% lam cho luu lwong
nude ngd ra giam manh, khi do tin hi¢u diéu khién da duoc ning 1én muc cuc dai (100%). Tuy
nhién, do may bom da bi lam yéu, nén luu lugng ngd ra cd tang, nhung khong thé dat dén gia tri
tham khao (Hinh 8). Sau d¢, cong suit may bom dugc kéo 1én muc 75%, bo didu khlen PID-
RFNNC d3 nhanh chong dua lwu lugng nuéc vé gia tri tham khao véi dap tng khong xuat hién
vot 16 va sai s6 xéc lap khong dang ke.

Hinh 9a trinh bay céc tin hi¢u diéu khién thanh phan cia b diéu PID-RFNN. Tir két qua Hinh
9a ta thdy, tai gidy thir 40, khi cong suat may bom di duoc nang tir 50% 1én 75%, luc nay tin hiéu
diéu khién PID di ting réat cao (trén Hinh 9a, bo bao vé d cit tin hiéu diéu khién & muc tdi da 1a
100%) nén no6 can nhiéu thoi gian dé giam tin hiéu diéu khién. Trong khi d6, bd RFNNC chi can
vai chu ky ldy mau da tao ra tin hi¢u diéu khién am, gop phan kéo tin hiéu diéu khién téng hop vé
gia tri phu hop dé gitt 6n dinh luu luong nudc tai gia tri tham khao. Két gua nay thé hién mot
cach rd rang vé su gop mit tich cuc cua bo didu khién RENNC trong co ché diéu khién giam sat
nay. Ngoai ra, Hinh 9b ciing cho thiy bd nhan dang RENNID da dam nhan tbt vai tro nhan dang
lru lugng nuée ngd ra cua hé RT020 va xac dinh duge thong tin Jacobian dé cung cip cho giai
thuat cap nhat truc tuyén bo diéu khién RFNNC.
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Hinh 9. a) Tin hiéu diéu khién thyc nghiém #2; b)Két qua nhédn dang thuc nghiém #2

Hinh 10 1a ma QR cua link
(https://youtu.be/zUXshTSckpw)
mot doan clip minh hoa mot thuc
nghiém diéu khién giam sat ding !
RFNN trén hé¢ RT020. Hinh 10. Méa QR link chira clip minh hoa thuc nghiém

3.2.3. Thdo lugn

Nghién ciru nay gop phan kiém nghiém kha ning hoat dong cua bo diéu khién dung RFNNs
trén hé thuc nghiém RT020. Diéu lo ngai co ban cua viéc tng dung diéu khién dung mang no-ron
Vi co ché huan luyén truc tuyén chinh 1a yéu t6 thoi gian thuc trong thyc nghiém. Tuy nhién, két
qua thyc nghiém da chiing to dugc thoi gian cap nhat tham sé cia mang da nhanh va két thac
trong chu ky Idy mau dé dam bao tin hiéu diéu khién khong bi tré dang ké.

Do han ché vé thiét bi thi nghiém, nén diém yéu co ban cta nghién ctru nay 1a hé RT020 chi
phi tuyén nhe véi thoi gian tré ngin, do do, nghién ctru nay that sy ciing chua danh gia day du
céc yéu to tac dong dén hé diéu khién khi thuc nghiém trén hé phi tuyén manh.

4. Két luan va dé nghi

RFNNs déa dugc kiém chimg thanh cong thong qua md phong. Tuy nhién, cac thuc nghiém
trén thiét bj Van con han ché. Tham chi con c6 quan diém cho rang, VGi Ciu triic mang twong ddi
phtic tap va toc do huan luyén cham, RFNNs kho dam bao yéu t6 thoi gian thuc trong truyén
thong tin hiéu. Nghién ctru nay da xay dung duoc bd nhan dang thiét bi RT020 biang RFNN (goi
1a RENNID), véi co ché huan luyén truc tuyén, dé udc luong thong tin vé do nhay cua thiét bi,
con goi 1a thong tin Jacobian. Nghién ctiu thuc nghiém duoc bg diéu khién giam sat két hop giita
bo diéu khién PID truyén théng va bo diéu khién ding mang RFNN (goi lag RFNNC). Bo
RFNNC dam nhan trach nhiém tinh chinh dép ung cia RT020, nho co ché giam sat va cap nhat
tham s truc tuyén cua né. Giai thuat cap nhat tham sé cua bo diéu khién RENNC sir dung thong
tin Jacobian tir bo nhan dang RENNID dé thich &ng v6i su bién thién cua d6i tugng. Cac két qua
thuc nghiém cho thay, khi két hop véi bo RENNC, dap ung caa hé RT020 di duoc cai thién dang
ké. Khi giai thuat cap nhat thong s6 RFNNs hoi tu, dap tmg luu luong cua thiét bi RT020 c¢6 do
vot 16 khéng dang ké nira. Ngoai ra, b6 diéu khién RENNC ciing gop phan giam thoi gian xéc 1ap
cua doi tugng, tir khoang 12 gidy xudng con khoang 8+0,5 gidy. Bén canh do, khi gid 13p su tac
dong cua yéu td bén ngoai 1én hé RT020, bang cach giam cudng birc cong suat may bom, thuc
nghiém ciing di chimg minh dwgc vai tro cta bo diéu khién RENNC 1a rat quan trong va hiéu qua
trong viéc gop mot kénh tin hi¢u diéu khién nham dua dap ung cua dbi tuong quay Ve gia tri
tham khao mot cach 6n dinh. Thoi gian toi, nghién ctru nay tiép tuc duoc hoan thién va tién hanh
thuc nghiém trén dbi twong c6 do phi tuyén manh hon, ching han nhu robot Delta 3 bac tu do,
ma nhém nghién ctru dd xay dung duoc mé hinh thiét bi.
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