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Tém tit

Bai bdo nay dé xudt mot hé théng diéu khién thich
nghi dé diéu chinh toc dp dong co diesel tau thity
dya trén mang no-ron xuyén tam (RBF) va diéu
khién dao ham-tich phan-ty 1é (PID). RBF duwoc
sur dung dé wée lwong dong liee hoc phi tuyén cia
dong co diesel, trong khi bo diéu khién PID duwoc
thiét ké dé diéu chinh téc do dong co. Hé thdng
diéu khién dwoe dé xudt c6 kha nang xit Iy sw bat
dinh va nhiéu loan von c6 trong méi truong bién,
chdng han nhie nhitng thay déi vé tai va diéu kién
lam viéc. Kha nang thich nghi cia RBF giup bo
diéu khién thich mg véi nhitng thay doi dong luc
hoc cua hé théng, lam cho hé théng diéu khién tré
nén bén viing va c6 thé duy tri hiéu sudt t6i wu
trong nhiéu diéu kién van hanh. Hiéu qua cua hé
théng diéu khién d@é xuat dwoc thé hién théng qua
cde mé phong dwoe thue hién bang chwong trinh
MATLAB-Simulink. Két qua chimg minh rang hé
théng diéu khién PID tich hop mang no-ron vieot
tréi hon so véi diéu khién PID truyén thong va cdc
chién luge diéu khién hién cé khéc vé kha ndng
ddp iing toc do va bén virng.

Tir khoa: Dong co diesel tau thuy, d‘iéu khién toc
do, mang no-ron xuyén tam (REF ), d‘ig”u khién dao
hc‘{m—tl’ch phan-ty Ié (PID), diéu khién thich nghi
bén vitng.

Abstract

This paper proposes an adaptive control system
for regulating the speed of marine main diesel
engines based on a radial-basis function neural
network (RBF) and proportional-integral-
derivative (PID) control. The RBF is utilized to
approximate the nonlinear dynamics of the diesel
engine, while the PID controller is designed to
regulate the engine speed. The proposed control

system is capable of handling the uncertainties

and disturbances inherent in the marine
environment, such as changes in load demand and
sea conditions. The adaptive nature of the RBF
enables it to adapt to changes in the system
dynamics, making the control system robust and
able to maintain optimal performance over a wide
range of operating conditions. The effectiveness
of the proposed control system is demonstrated
through  simulations conducted using the
MATLAB-Simulink  program.  The
demonstrate that the proposed adaptive neural
integrated ~ PID
outperforms traditional PID control and other

results

network control  system

existing control strategies in terms of response
speed and robustness.

Keywords: Marine diesel engines, speed control,
radial-basis function neural network (RBF),
proportional-integral-derivative (PID) control,
robust adaptive control.

1. Giéi thiéu

Dong co diesel dong mot vai tro quan trong trong
hé dong luc cia tau thuy. Viéc kiém soat toc do cua
cac dong co la mot nhiém vu dﬁy thach thic do dac
diém phi tuyén, su khong chic chin va nhiéu ton tai
trong dong luc hoc cua dong co. Phuong phap diéu
khién truyén thong nhu diéu khién dao ham-tich phéan-
ty 18 (PID) c6 thé khong mang lai hiéu suit thoa dang
trong cac didu kién van hanh khac nhau. Do d6, ngay
cang c6 nhiéu mdi quan tim dén viéc phat trién cac hé
thong diéu khién tién tién cho cac dong co diesel tau
thuy ¢d 1on [1, 2].

Trong nhimg nam gan diy, mang no-ron nhan tao
(ANN) duoc sir dung nhiéu trong thuc té, trong d6 co
viéc thiét ké thuét toan diéu khién thong minh trong
dy bao hiéu suét cua dong co diesel tau thay [3, 4].
Mot vai nghién ctru st dung mang no-ron dé diéu
khién tc d6 dong co diesel ¢& nhé [5, 6]. Cac nghién
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ctru trén st dung mang no-ron dé nhan dang va udc
luong cac thong s6 ngoai tuyén. Trong nghién ciru ciia
chung t6i, viéc sit dung mang RBF duoc thyc hién
tryc tuyén va tich hop truc tiép vao hé thong didu
khién PID sén c6. Hé thong diéu khién dugc thiét ké
dé thich thich nghi véi nhiing thay d6i trong diéu kién
hoat dong cia ddng co, do d6 cai thién hi¢u suit va do
bén ctia dong co. Két qua cuia nghién ctru nay s& cung
cép cai nhin vé tiém ning str dung mang no-ron dé
diéu khién téc do cua cac dong co diesel.

Céu tric cua bai bao gom 5 phan chinh: Ngoai mé
dau va két luan, trong Phén 2 s& trinh bay vé mé hinh
toan dong co diesel tau thuy thap toc cd 16n MAN
B&W 6S60MC; Phéan 3 trinh bay vé tbi wu hoa tham
50 bo diéu khién PID bang viée tich hgp RBF; Phan 4
thuc hién cac trudng hop mé phong va danh gia két
qua thu dugc.

2. M6 hinh dong co

B diéu khién tdc do cho dong co diesel tau thuy
bao gdm co cu chap hanh, bo diéu khién va cam bién
téc do quay [7]. Trong truong hop st dung chan vit ¢b
dinh cho dong co diesel, chan vit thuong duoc truyén
dong bé‘mg truc tir dong co. Do tac dong cia chan vit
dén dong co diesel, truc va chan vit dugc coi la mot
dbi twong dugc diéu khién toan dién, dwoc goi 1a md
hinh tich hgp cho dong co diesel. Tin hiéu dich chuyén
tr thanh rang nhién li¢u dugc st dung lam dau vao
cho hé thong diéu khién, trong khi toc d6 dong co 1a
déu ra. Piéu chinh vi tri thanh rang nhién liéu s& lam
thay ddi toc do dong co diesel va tur do6 diéu chinh téc
do chung cua tau thuy.

Mo hinh toan dong co da duogc trinh bay trong
nghién ctru trude cua ching toi [8]. M6 hinh toan dong
co ¢6 thé coi 1a mot lién két ty 18, ham truyén duoc
viét nhu sau:

98.5
(12.15+1)(0.3s +1)
98.5
3.63s* +12.4s+1

G(S) = e70‘0375
ey
Ham truyén (1) dugc dung dé thiét ké thuat toan
diéu khién & phan tiép theo.
3. T6i wu hoa thong s6 b diéu khién PID
Giai thuat Z-N dugc ap dung dé xac dinh ba thong
s6 ctia bo diéu khién PID. Tuy nhién, bo diéu khién
PID truyén thdng lai khé bén viing v6i nhitng yéu tb
bat dinh tir m6 hinh ciing nhu ngoai méi trudng bién.
Thong thudng, viéc diéu chinh thong s6 bo diéu khién
PID phai dya trén kinh nghiém cta nguoi ky su véan
hanh dé tim ra diém 1am viéc t6i wu méi. Vi vy, mot

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

c4u triic mang no-ron xuyén tim duoc tich hop dé
chinh dinh ty dong tham sd cta bd diéu khién nay
nham bén ving véi cac yéu tb bét dinh va nhidu tir
moi truong.

3.1. B diéu khién PID

Ham truyén ctia bd diéu khién PID 1y tuong duoc
xac dinh nhu sau:

1
Gop(8) =K, [1+TS+TDSJ 2)

Céac tham sb diéu khién K, va K, duoc xac
dinh nhu sau:

K, =", Kp =KpTp (3)

Thé (3) vao (2) ta dugc:

Gpip (8) =Kp +%+ Kps “4)

B6 ba tham s6 { K, K, K, } cAn duoc xac dinh dé
thoa man cac yéu ciu vé chét luong diéu khién.

3.2. Uéc lwong tham so diéu khién dwa vio
mang no-ron xuyén tim

Trong phan nay, tac gia dé xuat mot cau trac didu
chinh tham s bd diéu khién PID mot cach tu dong
trong Hinh 1. CAu trac dé xuit bao gdm 3 khéi chinh:
B diéu khién PID, khéi bu thich nghi dya trén mang
no-ron xuyén tam va khéi dong co diesel tau thuy. Bo
diéu khién PID dugc thiét ké dua trén dau vao 1a sai
1éch gilra gia tri dat (r(t)) va dau ra ciia hé théng
(y(t)). Tuy nhién, viéc chinh dinh b diéu khién PID
truyén thong chu yéu phu thudc vao kinh nghiém van
hanh. Vi vy, chung t6i 3 bd sung mot co ché bu thich
ung nhdm chinh dinh truc tuyén bo ba tham s6 cta bd
diéu khién PID. Vi hai dau vao la sai léch (e(t)) va
vi phan sai léch d(e(t))/dt, co ché thich mg dua ra

trong s6 udc luong (me) dé tinh toan tham s bu.
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Hinh 1. Mé hinh diéu khién PID tich hop mang no-ron
Déu tién, dinh nghia vé uéc lugng ham sé f (t)
duoc dua ra dya trén mang xuyén tdm nhu dugc minh
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hoa trong Hinh 2. Mang xuyén tam dugc dua ra véi
ba 16p: 16p dau vao (xeR” ), 16p an (heR®) va 16p
daura ( f (t). Dau ra cua 16p an dugc biéu dién théng
qua ham Gaussian trong cong thirc (10) nhu sau:

h :exp{xi _CJ] (5)
i 202

]
Trongdo: h=[h,], ¢, ® linluotlatamvado
rong ciia ham xuyén tdm, j=1...q, p,q lan luot 1a s6
luong dau vao va sb nat an.
Thuét toan xap xi dya trén mang xuyén tim duoc
xdy dung nhu sau:
f(t)=W h+e (6)
f(t)=W'h (7)
Trongdé: f(t) va f(t)lanluotla hamly tuéng
va ham dau ra duoc ude lugong bai mang no-ron xuyén
tam; W’ va W lan luot 14 véc to trong sb 1y tuong va
véc to trong sd ude lugng; & 1a sai sb xép xi cua
mang no-ron va |¢[<e” véi & 1a mot hing sé duong
nho tuy y.
Lép an

Lop dau ra

Lép dau vao

Hinh 2. Céu triic mang xuyén tim

Bing viéc 4p dung mang no-ron xuyén tim vio
viéc diéu chinh tham sb bg diéu khién PID, cic tham
s6 K, K, K, 1an lugt dugc cap nhat nhu sau:

K, =K +AK}
K, =K/ +AK; (®)
K, =K, +AK;,

Trong d6: K;, K, K5 14 gid tri cia bd diu khién
PID theo phwong phép Z-N, AK:, AK', AK} lan luot
1a cac thanh phan bu vao céc gia tri ciia bo diéu khién
truyén théng PID dé nang cao kha nang bén viing. bé
tim ra cac tham sb nay, cAu trac mang no-ron s€ dugc

xay dung cho bd diéu toc dong co diesel tau thuy véi
véc to ddu vao bao gdm hai thanh phan 14 sai léch va
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d(e(t))} va véc to dau

vi phan sai léch [x = {e(t) ot

ra gom 3 thanh phan twong Umg Véi

(PID ~[AK; AK; AK;]T) . Trude tién, tac gia dinh
nghia e(?) 1a sai 1éch gilta tin hi€u dat »(?) va tin hi¢u
dap tng cua hé théng y(z) nhu sau:

e(t) =r(t)—y(t) 9)

Lop an

Lép dau ra

Lop dau vao

Hinh 3. Céu triic wéc lwong tham sé bp diéu khién PID
Trén Hinh 3, v6i cdu trac wdc luong tham sé cho
b6 diéu tde dong co diesel tau thuy, tac gia da lya chon
16p an 14 ham Gaussian trong phuong trinh (10) v&i 5
nat 4n nhu sau:

hF’ID :[hPIDl hF’IDZ hPID3 hPIDA‘l hPIDS]T (10)

trong 46 h,, €R”, h,, €R? j=1+5.
Pau ra udc luong tham sé ciia mang xuyén tim
dugc tinh toan bang phuong trinh sau
PID:W;IDhPID (11)
Trong d6 W, € R 1a trong sb wéc lwong cia
mang. Dé tim ra trong s wdc lugng, tac gia dua ra ludt
cap nhat nhu sau:
WFT’ID = thloE(e(t)) (12)
voi yeR™™ 1a ma tran dudng chéo chinh x4c dinh
duong va E(e(t))eR**1a ma tran clia bién sai léch.

PIDj

Nhu vay, luat bu thich ing dugc trinh bay trong
phan nay sé& gitip bo diéu khién PID c6 thé chinh dinh
tryc tuyén tham s trudc nhitng thay doi cia tai, bat
dinh, hay nhidu. Trong phan tiép theo, hiéu qua ctia bo
didu khién duoc dé xuét s& dugc thé hién qua két qua
md phong so sanh.

4. Mo phéng

Thuat toan diéu khién dugc thiét ké trong Phan 3
can duoc kiém ching thong qua mod phong dé chimg
minh hiéu sudt cia né. Trong phan nay, chung toi sit
dung ngdn ngi 1ap trinh MATLAB-Simulink dé mo
phong dap tng hé thong. Két qua dap tmg dau ra s&
dugc so sanh vai bo diéu khién PID truyén thong dwa
trén phuong phap Ziegler—Nichols (ZN-PID), by diéu




TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

khién PID véi tham s6 t6i wu hoa dya trén giai thuat
di truyén (ISE-PID, IAE-PID, va ITAE-PID) [9], bo
diéu khién PID két hop voi ly thuyét mo [8] dé phan
anh 16 wu diém cua phuong an dwoc dé xuat. Bang 1
dua ra b ba tham s6 diéu khién cua bo diéu khién PID
nhu sau:

Bing 1. Tham sé bj diéu khién

Bo diéu
khién | 7NPID | ISE-PID | IAE-PID | ITAEPID
Tham s6
K, 02 | 30165 | 25097 | 55266
K, 0,04 | 04144 | 03490 | 0,8902
K, 0,03 | 0596 | 04609 | 09103

Ngoai ra, tham sb clia mang no-ron xuyén tim
duoc lya chon:

c,=[05 02] ,c,=[0,25 -1]',c,=[-0,5 0,5],

¢, =[0,2 -1]",¢,=[0,25 0,5], y=10L,

®=[05 1 05 2 0,25] va thoi gian trich mau
bang 0,01 gidy. Hai kich ban mé phong dugc trinh bay
va mo ta nhu sau:

o Kich ban thir nhdt

Téc do dat dugec mod ta trong phuong trinh (13)
v6i tong thoi gian thyuc hién mé phong 1a 90 gidy.

0 t<10
r(t)=4100 10<t<40 (13)
80 40<t<90

Yéu t6 nhidu ciing dugc xem xét voi dang xung
vuong trong Hinh 4 va duoc thém vao gidy thir 30.
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Hinh 4. Nhiéu dang xung vuéng
|
100 ».,,\
80 - (- w o
B
Z 60F —RBF-PID |
g —Fuzzy - PID
2 40- —ZN-PID
= - =ISE - PID
2 - =1AE - PID
- — - -ITAE - PID
Gid tri dit
0 =
2 8
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Hinh 5. Ddp teng téc dj véi nhiéu dang xung vuéong
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Hinh 5 va Hinh 6 1an luot biéu dién hiéu suét cua
cac bo diéu khién thong qua dap tmg toc d6 va sai léch
ctia tbe d6. Tai thoi diém thay doi tbe do cua bo dicu
tbe dong co diesel tau thuy, hiéu suét cta cac bo diu
khién dd dugc thé hién rd rang. Cu thé, cdu tric tu
chinh dinh tham s dya trén mang no-ron xuyén tim
dugc dé xuat (RBF-PID) va Iy thuyét mo (Fuzzy-PID)
cho thay hiéu suét tuyét voi va rd rang vé tiéu chi thoi
gian d4p Ung ciing nhu d6 qua diéu chinh so véi bo
diéu khién PID truyén théng. Trong khi dap ung cua
cac bo didu khién PID chinh dinh dua trén mang no-
ron, bd PID chinh dinh dya trén ly thuyét mo, bd PID
dugc t6i uru hoa theo giai thuat di truyén sau thoi gian
khoang 0,5 gidy tai thoi diém thay doi toc do & gidy
thir 40 thi bo diéu khién PID truyén théng mat khoang
6 gidy. Ngoai ra, ba bo diéu khién PID duoc tdi uu boi
giai thuat di truyén dem lai hiéu suét tot sau thoi gian
quéa do ngay ca khi c6 nhidu xuét hién, tuy nhién, hién
tuong qua diéu chinh tai cac thoi diém thay doi toc do
van con ton tai. Sau gidy thir 30 khi c6 nhidu tac dong
vao bo diéu tdc, bo didu khién PID truyén thong ludn
xudt hién nhitng sai 1éch, dic biét tai cac thoi diém
xung nhidu thay doi.

100 ——RBF-PID |
Fuzzy - PID

= 80f Y 1
£ ——7N-PID
= 60f — =ISE-PID
< — =IAE - PID
¥
e 40r = =ITAE-PID |
3
2 20f :
G 0

20F y 1

0 10 20 30 40 50 60 70 80 90

Thoi gian (s)
Hinh 6. Sai léch téc dp véi nhibu dang xung vuéng
Dé thé hién truc quan hiéu suét cua ting bo diéu
khién, bdn chi tiéu sai sé (ISE, IAE, ITSE, va ITAE)
trong cac phuong trinh (14)+=(17) ciing dugc tac gia
ap dung va danh gia [9].
Tiéu chudn tich phan binh phuong sai s:
ISE = [€*(t)dt (14)
2 0 r r
Tiéu chuan tich phan tri tuyét doi bién d¢ sai so:
IAE = [ le(t)|dt (15)
. 0
Ti€u chuan tich phan cta tich thoi gian va binh
phuong sai sd:

(16)

0
Tiéu chuén tich phan cua tich thoi gian va tri tuyét

ITSE = [te’ (t)ct

d061 bién do sai so:

ITAE:Tt\e(t)\dt (17)
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Bing 2. Pdnh gid hi¢u sudt bj diéu khién theo cdc tiéu

chudn sai sé (kich bdn 1)

Tiéu chuan

B6 didu ISE IAE ITSE | ITAE
khién

RBF-PID 221,4 | 6,203 2.411 146
Fuzzy-PID 237 7,6 2.685 163,1
ZN-PID 3.924 | 1243 | 47.140 | 2.843
ISE-PID 351,4 | 11,13 4.082 | 2478
IAE-PID 430,3 | 13,83 5.001 | 308,1
ITAE-PID 249,6 | 8,107 | 2.896 180

Béng 2 dugc dua ra di khang dinh lai nhimg nhan
xét duge dé cap bén trén vé hiéu suét cua cac bo diéu
khién.

e Kich ban thir hai

Téc d6 dat duoc mo ta trong phuong trinh (18)
v6i tong thoi gian thyuce hién mé phong 1a 90 gidy.

0 t<5b
80 5<t<30
r(t)= 18
() 100 30<t<60 (18)
90 60<t<90

Yéu t6 nhidu dang hinh sin dugc thém vao hé
thdng vao thoi diém gidy thir 45 va gidy thir 75 duoc
md ta nhu phuong trinh (19).

0 t<45
5sin(t) 45<t<75  (19)
5sin(t)+5sin(2t) 75<t<90

d(t)=

Trong kich ban mé phong thir hai, tac gia da thay
doi gia tri dat cho bo diéu téc dong co diesel tau thuy
v6i nhiéu 1an thay déi tbc do hon ciing nhu thay doi
dang nhiéu véi bién d6 16n hon dé c6 thé quan sat rd
rang uu nhuoc diém cia timng bo diéu khién.

=Y

~——Tuzzy - PID
—7/N-PID

Tée dd (vip)

e — = =ISE - PID
-TAE - PID

— -ITAE-PID | |
Gid tri dat

0 10 20 30 40 50 60 70 80 90
Thoi gian (s)

Hinh 7. Dap irng téc dp véi nhiéu dang hinh sin

Tai thoi diém chuyén toc do tir 0 (vong/ phut) 1én
80 (vong/phut) & gidy thir 5, bo diéu khién PID két
hop voi mang no-ron xuyén tim cho thay rd rang loi
thé khi duy nhat b diéu khién nay khong ton tai qua
didu chinh ciing nhu wu diém vé thoi gian dap ung.
Trong khi d6 bo diéu khién PID truyén thng ton tai
d6 qua diéu chinh cao nhat (khoang 6%) cling nhu thoi
gian dap tng 16n nhét (sau 10 gidy). Ba bo diéu khién
PID dya trén phuong phap tdi wu hoa giai thuat di
truyén dem lai d6 loi vé thoi gian dap tng, tuy nhién,
d6 qua diéu chinh cao x4p xi bo diéu khién PID truyén
thong. Khi tic dong nhidu véi bién do 16n hon kich
ban mot tai thoi diém 45 gidy va 75 gidy, dap ing va
sai léch cua toc do cang lam rd bat loi cua b didu
khién PID truyén thong ciing nhu loi thé cua cac bo
didu khién con lai. BO diéu khién PID truyén thong
cho thay rd sy anh huong ctia nhidu lam cho dap tng
c6 dang hinh song sin thay vi bam theo gia tri dat. Cac
bd diéu khién con lai déu bu dugc yéu td nhidu, diéu
d6 dugce thé hién rd rang trong sai 1éch sau thoi diém
nhidu tac dong hau hét rat nho. Pac biét, duong dap
tng cta bo diéu khién PID két hop v&i bd chinh dinh
tham s6 dua trén cdu trac mang no-ron dem lai hiéu
qua vuot trdi khi sai 1éch tiém cén 0.

T

80r —RBF - PID
S —Fuzzy - PID
260 —7N-PID
= - =ISE - PID
< ot - -JAE - PID
-3 - =ITAL - PID
=
8 2 k
s
@, LD,

— Y
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Thai gian (5)

Hinh 8. Sai léch téc dp véi nhiéu dang hinh sin

Trong truong hop nay, tac gia ciling st dung cac
tiéu chuan danh gia sai léch trong cic phuwong trinh
(14)=(17) & so sanh hiéu qua cua cac bo diéu khién.
Gia tri tinh toan cho sai 1éch theo cac tiéu chuan cling
dugc trinh bay trong Bang 3.

Béng s6 lidu trén ciing cho thiy wu nhuoc diém vé
sai s6 cua ting bd diéu khién. Viée sir dung b didu
khién PID két hop véi bd chinh dinh tham sb tw dong
va bd diéu khién PID v6i tham s6 dugc tdi wu hda theo
giai thuat di truyén mang lai wu diém 16n nhét vé mat
sai léch. Tuy nhién, nhimg phuong phép nay ciing ton
tai nhitng nhuoc diém nhu: khdi lugng tinh toan 16n
va do phirc tap trong viée thiét ké.
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Bing 3. Pdnh gid higu sudt b diéu khién theo cic

tiéu chudn sai so (kich bin 2)

Tiéu

chuén
ISE | IAE | ITSE | ITAE

B6 diéu
khién

RBF-PID | 1449 | 11,26 | 1289 | 5986
Fuzzy-PID | 1623 | 14,7 | 1.422 | 707.9
ZN-PID 4.153 | 316,9 | 139.000 | 17.280
ISE-PID 2409 | 2522 | 2399 | 1.299
IAE-PID 296,7 | 30,7 | 3.072 | 1.569
ITAE-PID | 167,9 | 15,53 | 1.466 | 7434

5. Két luan

Nghién ctru nay d& xuét thuat toan diéu khién PID
tich hop mang no-ron xuyén tdm cho cac dong co diesel
tau thuy c& 16n. Hé thong diéu khién duoc dé xudt sir
dung mang no-ron RBF dé udce lugng dong luc hoc phi
tuyén tinh cta dong co va diéu chinh cac tham s cua
b6 diéu khién PID cho phu hop. Két qua chimg minh
rang hé thong diéu khién RBF-PID vuot tri so voi bd
diéu khién PID thong thudng vé d6 bam toc do dat va
loai bo nhiéu. Hé théng diéu khién dugc dé xuat c6 tiém
nang 16n cho cac tmg dung thyc té trong nganh van tai
bién, vi n6 ¢6 thé nang cao tinh an toan va hiéu qua cua
dong co diesel diesel tau thuy. Viéc sir dung mang no-
ron RBF cho phép hé thong diéu khién thich nghi véi
cac didu kién van hanh thay ddi, diéu nay rit quan trong
trong boi canh dong co diesel tau thily c¢6 thé phai ddi
mit v6i nhiéu nhiéu loan va su khong chéc chan. Hon
nira, hé théng diéu khién duoc dé xuat co thé dugc trién
khai d& dang trén cac nén tang diéu khién hién co, lam
cho no tré thanh mot giai phap kha thi cho cac tmg dung
trong thuc té.

bé nghién cuu dugc hoan thién hon, cong viéc
trong twong lai ¢6 thé tap trung vao viéc thir nghiém
hé thdng diéu khién dugc dé xut trén bang thir didu
tbc va dong co diesel tau thuy. Ngoai ra, cac nghién
ctru sau hon ¢6 thé dugc tién hanh dé tdi uu héa thiét
ké clia mang no-ron RBF va kham pha tiém ning cac
céu tric mang no-ron khéc trong diéu khién dong co
diesel tau thuy.
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