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Tém tit

T6i wu héa nhién liéu tau thuy la mot bai toan then
chét trong vin hanh hang hai, nhing né mdu
thuan truc tié}? voi muc tiéu duy tri t6c ¢ hanh
trinh. Bai bao nay trinh bay mét wng dung cua ky
thudt hoc tang cuwong RL (Reinforcement
Learning) dé gidi quyét bdi todn t6i wu héa nay.
Trong bai bdao nay, mot moi truong mo phong tau
KVLCC2 trén Simulink da dwoc xdy dung, bao
g&m dong lyc hoc tau va cac diéu kién luc can moi
trweong bién dong. Mot tac nhan RL (RL Agent)
dwge hudn luyén d@é dwa ra quyét dinh diéu khién
cong sudt dong co. Két qud nghién citu dige so
sanh véi bg diéu khién PID truyén thong cho thdy
tde nhéan RL c6 thé cdn bang giita heong nhién liéu
va thoi gian hanh trinh t6t hon. Nghién ciru ciing
chung minh kha nang sw dung RL, thong qua viéc
diéu chinh ham phan thuong dé tao ra mét dwong
cong ddnh doi hoan chinh. Piéu ndy cung cap mot
cong cu hé tro ra quyét dinh linh hoat, cho phép
nha vdn hanh lea chon chién luoc t6i wu dira trén
nhu cau thay vi bi gi6i han trong mét giai phdp
cieng nhdc.

Tw khoa: Hoc tdng cwong, mé hinh tau thuy, hiéu
qud nang luong, toi wu hoa da muc tiéu, van hanh
tau thuy.

Abstract

Optimizing  fuel consumption in maritime
operations is a critical objective, yet it inherently
conflicts with the goal of maintaining high voyage
speeds. This paper presents an application of
Reinforcement Learning (RL) techniques to
address this optimization trade-off- In this study, a
simulation environment for the KVLCC2 ship
Simulink,

incorporating vessel dynamics and dynamic

model has been developed in

environmental disturbances. An RL agent is
trained to make control decisions regarding
propulsion  power. The  performance is
benchmarked against a conventional PID
controller, demonstrating that the RL agent
achieves a superior balance between fuel
consumption and voyage time. Furthermore, the
study demonstrates the capability of the RL
approach, through reward function shaping, to
generate a complete trade-off curve. This provides
a flexible decision-support tool, enabling
operators to select an optimal strategy based on
demands,

operational rather than being

constrained to a single, rigid solution.
Keywords: Reinforcement learning, marine

vessel model, energy efficiency, multi-objective
optimization, ship Operation.

1. Mé diu

Nganh cong nghiép van tai bién 1a tru cot cua
thwong mai toan céu, nhung dong thoi ciing 1a mot
trong nhitng nganh tiéu thu nhién liéu hoa thach 16n
nhit. Chi phi nhién liéu thuong chiém tir 50% dén
60% tong chi phi van hanh ctia mét tau thwong mai.

Bai toan toi wu hoa hanh trinh tau thuy 1a mot bai
todn phuc tap, da muc ti€u, trong d6 hai muyc ti€u quan
trong nhat 1 giam thiéu thoi gian hanh trinh (t6i da
hoa tbc d6) va giam thiéu tiéu thy nhién liéu (t6i da
héa loi nhuan), lai mau thuan tryc tiép voi nhau. Cac
nd lyc giai quyét bai toan nay chi yéu bao gdm tdi wu
hoéa tuyén duong va diéu khién cuc bo két hop du béo.

Téi wu hoa tuyén duong 1a hudng tiép can phd bién
nhét, tap trung vao viéc tim kiém mot tuyén dudng t6i
wu vé mit khong gian (2D/3D). Cac nghién ctu
thuong st dung cic phuong phap co dién nhu thuat
toan dudng diang thoi Isochrone [1, 2, 3] hodc cic
thuét toan tim duong trén do thi nhu Dijkstra va A* [4,
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5]. Cac phuong phap nay chu yéu tdi wu hoa con
duong va thuong gia dinh mot chién luoc toc do ¢b
dinh. Chiing khong giai quyét dugc van d& nén didu
khién cong suét nhu thé nao khi da ¢ trén tuyén duong
do.

Vi hudng tiép can didu khién cuc bo va du doan
thi lai tap trung vao diéu khién ban than con tau.
Phuong phéap phd bién nhat trong van hanh thyc té 1a
sir dung b diéu khién PID (Proportional-Integral-
Derivative) dé duy tri mot toc d hodc cong suit may
dit trude [6]. Tuy nhién bo diéu khién PID khong c6
kha ning thich nghi cao véi nhidu. Khi gip luc can
16n (song, gid), PID s& tang cong sut 1én tdi da dé giir
tdc do, dan dén muc tidu thu nhién liéu tang vot mot
céch phi tuyén tinh.

Mot sb nghién ctru gan day da 4p dung hoc may
nhu trong nghién ctru ciia Le (2020) [7]. Trong nghién
ciru nay Le st dung mang noron nhan tao ANN
(Artificial Neural Network) va dit liéu AIS dé du doan
muc tiéu thu nhién li¢u. Tuy nhién cac moé hinh nay
mang tinh mo ta hodc dy doan chir khong dua ra chién
luge didu khién d¢ tiét kiém nhién liéu.

Hoc tang cudng 1a mot nhanh cia hoc may chuyén
giai quyét cac bai toan ra quyét dinh. RL da cho thay
tiém nang I6n trong linh vyre hang hai. Tuy nhién, cac
g dung hién tai chu yéu tap trung vao cac bai toan
diéu khién cyc by, thoi gian thuc. Wu & Chen (2020)
[8] da tmg dung thanh cong RL cho hé thong dinh vi
dong DP (Dynammic Positioning). Trong khi Zhao &
Yun. (2020) st dung RL cho bai toan bam quy dao cta
tau tu hanh [9].

Tir phan tich trén, bai bio dé xuét Gmg dung k¥
thuét hoc tang cuong, cu thé 1a thuat toan DDPG
(Deep Deterministic Policy Gradient), dé huan luyén
mot tac nhan (Agent) dé diéu khién tau. Tac nhan nay
khong chi hoc mot chién lugc duy nhét, ma hoc cach
hiéu sy danh ddi gitta hai myc tiéu mau thudn 14 thoi
gian hanh trinh va tiéu thu nhién li¢u

Poéng gop chinh cua nghién cuu nay la. Chung
minh rang tac nhan RL c6 thé tim ra cac chién lugc
vén hanh phte tap, vuot trdi hon hin so v6i diéu khién
PID tnlyén théng. PID duoc lwa chon lam dbi tuong
so sanh vi day 1a bo diéu khién tiéu chuan trén cac tau
thity hién nay, giup lam rd hiu qua kinh té so voi
phuong thirc van hanh truyén théng. Pdng thoi dua ra
mot phuong phap ludn théng qua viée didu chinh ham
phin thuong dé tao ra mot dudng bién danh dbi Pareto
(Pareto Front), cho phép nha vén hanh lya chon mot
chién luge wu tién toc d6 hodc wu tién nhién liéu dua
trén nhu cau kinh doanh cu thé.
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2. Co 56 ly thuyét nghién ciru

Dé giai quyét bai toan t6i uu héa da muc tiéu,
nghién curu nay xay dung mot moi truong moé phong
trén nén tang MATLAB/Simulink va tmg dung mot
tac nhan hoc tang cuong RL dé tim kiém chién lugc
diéu khién t5i uu.
2.1. Xdy dwng méi truong mé phong

Moi truong mo phong dugce dinh nghia nhu mét

quy trinh quyét dinh Markov (MDP-Markov Decision
Process) [10], bao gdm cac mé hinh vat 1y cua tau,
nhién li€u va hanh trinh.
2.1.1. M6 hinh dong lyc hoc tau

Trong nghién ctru nay, chiing t6i mo phdng tau
KVLCC2 [11] dugc phat trién boi Vién nghién ctu
tau bién va dai duong Han Qudc (KRISO). KVLCC2
1a con tau duoc tao ra dé phuc vu nghién ctru, md
phong va thir nghiém trong nganh ky thuat hang hai.
No cung ca?ip mot bo dit lidu chuén, cong khai va déy
dt vé hinh dang vo tau, dong luc hoc, va hiéu suét
chan vit cho phép cac nha khoa hoc va k¥ su trén toan
thé giéi chay cac mo phong va thir nghiém trong
nganh k¥ thuét hang hai.

Trong nghién ctru nay, mo hinh tau KVLCC2 dugc
don gian hoa vé dong luc hoc 1D (chuyén dong thing).
Viéc don gian héa mo hinh tau vé dong luc hoc 1D 1a
mot quyét dinh ¢6 cha dich, cho phép ching t6i tap
trung vao dung bai toan cdt 15i 1a diéu khién toc do tau
thay vi diéu khién bé 14i.

Vé mit ky thuat, didu nay giam dang ké do phirc
tap cua khong gian trang thai va gitip cho viéc huan
luyén tac nhan RL tré nén kha thi. Hon nita, n6 tang
téc do tinh toan 1én hang ngan lan, cho phép hoan
thanh huin luyén trong vai gio thay vi vai thang.
Thém nita, vi luc ddy va luc can theo phuong doc tau
1a cac yéu t6 quyét dinh trén mot hanh trinh dai .
Luong nhién li€u ti€u thu thém do cac chuyén dong
thir cAp (nhu lic ngang, hodc bé l4i nhe dé giit thing
dudng) 1a rat nho so véi tong lwong nhién lidu cua
ddng co chinh va c6 thé bo qua mot cach hop 1y trong
giai quyét bai toan chién lugc didu khién. Do vay
khong can dén cac md hinh 3 bac hodc 6 bac.

V6i mé hinh 1D, gia téc cua tau tai mdi thoi diém
duoc xac dinh bai dinh luat I Newton:

M ship © a(t) = Fnet (t) (])

Trong d6 M, 1a tong khoi lwong ciia tau bao gom
ca nude dan (v6i KVLCC2, My, =3,2.10°kg ).

Dé tang téc dang ké qua trinh hudn luyén hoc ting
cuong, von doi hoi trai qua hang ngan chuyén di, mot

ship
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k¥ thuat co gidn thoi gian da dugc ap dung. Cu thé,
khéi lugng cia tau trong mé phong da duoc giam di
100 lan, trong khi cac théng s6 luc (luc day, lyc can)
dugc gilr nguyén. Piéu nay lam ting gia tdc cia tau
1én 100 1an va giam thoi gian hoan thanh mdi chuyén
di xubéng 100 1an. Quan trong 13, sy thay doi nay
khong anh huéng dén tinh t6i wu cia chinh sach ma
tac nhan hoc duoc, vi mbi quan hé giita trang thai tau
va hanh dong van dugc bao toan. Thém vao d6, cac
diéu kién méi truong dugc kich hoat dva trén quing
duong da di chtr khong phai thoi gian (time-based),
dam bao tinh nhat quan cua bai toan.

Gia tri F(t) 1a téng lyc tac dong 1én tau, dugc
dinh nghia la:
l:net (t) = Fthrust (t) - Fresislance (t) (2)

Luc diy cua dong co tau F,,, dugc diéu khién
boi tac nhan RL. N6 1a mot ham cua gia tri o(t) (phan
trim cong sudt o(t) ) va luc day tdi da Fro:

Fthrust (t) = a(t) ’ Fmax (3)
Thanh phan lyc can F

. resistance
phan chinh 1a lyc can vo tau R,

toc) va lyc can moi truong R

bao gém hai thanh
a1 (phu thudce vao van
(do soéng, giod):

env
Fresistanoe (t) = RhuII (t) + Renv (t) (4)
Luc can vo tau dugc mo hinh héa dudi dang phi

tuyén bac hai so v&i van toe v(t) [12]:

Ryt () = Ciyy V(D) (%)
Trong d6 C,, 1a hé s6 can cua vé tau (voi
KVLCC2, C,, ~32.900).
Két hop cac phuong trinh (3-5), gia toc tirc thoi
a(t) cia tau (dau ra cia md hinh) duoc tinh bang cong
thue sau:

= a(t) i Fmax — (Chull .V(t)z + Renv (t)) (6)

a(t) M

ship

2.1.2. M6 hinh tiéu thu nhién liéu

Murc tiéu thu nhién lidu Fuel,,, (kg/s) khong tuyén
tinh v6i cong suit. N6 duoc mé hinh hoa bang mot
ham mil, cho thdy viéc chay & cong suit cao F o S€
t6n nhiéu nhién nhién liéu hon nhiéu so vé6i chay &
cong suat trung binh [13]:

Fuel...(t) = FR . - (a(t))’ (7)

Trong d6 FR__ 1a ty 1¢ tiéu thu nhién ligu i da tai
100% cong suat (voi KVLCC2, FR,, ~114 kg/s) va B
14 hé sb phi tuyén. Trong nghién ctru nay B = 2 phi hop
mo hinh héa mét dac tinh ciia dong co diesel hang hai.

Cong nghé s6, tw dong hoéa va trng dung hang hai

2.1.3. M6 hinh moi truong va hanh trinh

Pé tao moi truong hudn luyén cho tac tir RL,
chung t6i dinh nghia mét tuyén hanh trinh ¢ dinh c6
tong chiéu dai tuyén 1a D, , va tao luc can moi
truong 1én tau bang ham R, , 1a mot ham cia quang
duong da did(t):

R () = F(d (1)) (®)

Ham f (d) 14 mot ham hang sb timg doan dé mo
phong céac ving thoi tiét khac nhau.

env >

2.2. Thiét ké tic nhan hoc ting cuwong

Chung t6i st dung thuét toan DDPG dé huén luyén
tac nhan. Thuat toan nay phu hop véi khong gian hanh
dong lién tuc. Céc tac nhan hoc tang cudng duogc huan
luyén theo quy trinh quyét dinh Markov goi tit Ia
MDP [10]. Pay la mot giai thudt toan hoc dugc su
dung dé m hinh hoa viéc ra quyét dinh trong cac tinh
hudng ma két qua vira bi anh hudng boi hanh dong
clia nguoi ra quyét dinh, vira c6 yéu té ngau nhién nhu
bai toan diéu khién tau thuiy.

No6i mot cach don gian, MDP la luat ma chung ta
tao ra cho mot tdc nhan dé né hoc hoi. Cac thanh phén
ctia MDP bao gém: Trang thai S, ; hanh dong A ; phan
thuong R, . Muc tiéu la huan luyén tac nhan RL dé hoc
mot chinh sich diéu khién dé tir mot trang thai S, dua
ra téi mot hanh dong A dé t6i da hoa tong phan thudng

R, trong sudt mot chuyén di.

Trang thai S, 14 cdc thong tin tac nhan RL quan sat
dé ra quyét dinh. Pay la dau vao cia tac nhan va la
mot véc-to 3 chiéu:

St = [V(t)' dremain (t)’ Renv (t)] (9)

Trong d6 v(t) 1a gia tri van toc hién tai cia tau,
0 emain (1) = Dy —d (t) 12 quang dudng con lai ciia hanh
trinh va R, (t) 1a luc can moi trudong.

Hanh dong A 1a quyét dinh ma tac nhan dua ra tai
mdi bude tinh. Trong trudng hop clia nghién ciru nay
thi A 1a phan trim cong suat dong co can thiét dé day
tau. Pay la mét gia tri vo hudng, lién tuc:

A =all) (10)

Khi tdc nhan dat dugc thanh cong s€ nhan dugc
phan thuong théng qua ham phan thudng R,. bay la
bt 151 cuia bai toan t6i wu hoa da muc tiéu. Ham phan
thuong duoc thiét ké dé day tac nhan vé sy danh doi
giita tbc d¢ va nhién ligu.

Trong bai toan tdi wu hoa da muyc ti€u nay, ham

phan thuong tirc thoi I.(S,,a,) tai budc thoi giant

dugc thiét ké dé can b.':flng gitta vin tdc van hanh trinh
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V, va toc do tiéu thu nhién ligum, ,, dong thoi p
dung céc rang budc an toan:

R(Sa) =WV, =W (8) =& R (V) + 6 Ry (1)

Trong d6, W,, W, 14 cac trong sd wu tién cho van toc
va nhién liéu dugc thay ddi theo chién luogc diéu
khién; m, (a,)1a ham tiéu thu nhién liéu phi tuyén phyu
thuoc hanh dong a (cong suit).; 2, (v) 1a ham
phat vi pham tde do gioi han; R, laham phén thudng
16n khi hoan thanh hanh trinh.

Muc tiéu cta bai toan tdi vu 13 tim kiém mot chinh
sach diéu khién 7:S—.A4 sao cho cuc dai hoa ky
vong téng phan thudng tich liy co chiét khiu J (r)
trong sudt hanh trinh [14]: ;

J(7)=E,| >/ 'R(St-ﬁ(st))} (12)
Trong d6: e
J () Ham muyc tiéu can t6i wu héa;

E_: Ky vong toan hoc theo phan phéi cta chinh
sach z va dong lyc hoc moi truong;

7 <€[0,1] : Hé sb chibt khéu, x4c dinh tdm quan
trong ctia cic phan thudng twong lai.

So d6 Hinh 1, md ta mot vong lap hoc ting cuong
RL hoan chinh dé diéu khién tau KVLCC2 dugce thuc
hién bing MATLAB/Simulink.

b | L

v (mis)

o done
S [
Scuite Revar ’_; eeeeeeeeee Tl

KVLCC2

Fuel total (kg)

Hinh 1. So' dé6 mé phéng diéu khién tau KVLCC?2 véi

vong ldp hoc ting cwong va tac tir RL

Trung tam 1a khdi RL Agent, khdi nay dwa ra hanh

dong diéu khién cong suat dong co cho khéi KVLCC2.

Khéi KVLCC2 tinh toan gia téc va tbe do tidu thu
nhiéu li€u cua tau tai budc thoi gian 7. Gia tde duoc
tich phan dé tinhra van téc, sau do duoc tich phan mot
1an nira dé ra quang duong da di. Khoi tao moi truong
mo phong (Environment Resistance) dua trén quang
duong nay va kich ban moi truong dé tao ra luc can.
Cubi cung, khéi tinh toan phin thuéng (Calculate
Reward) str dung luong nhién li¢u ti€u thy va van tde
dé chim diém cho hanh dong. Tac nhan RL nhan phan
thuong va quan sat vector trang thai (gdm van tdc,
quing dudng con lai, luc can) nay dé hoc va dua ra
hanh dong tiép theo.

126
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Dé giai bai toan t6i wu hoa ham muyc tiéu (12) trong
khong gian hanh dong lién tuc, nghién ctru cia ching
t6i st dung thuat toan DDPG dua trén ly thuyét
Gradient. Thuat toan nay xap xi ham muc tiéu thong
qua hai mang no-ron:

1. Mang Critic Q(s,a | #°) , danh gia chat lugng hanh
dong bang cach giai phuong trinh t6i wu Bellman:

Q'(s.a)= Efr, + }/Q*(SHZL’ ACW))

2. Mang Actor (s |6*) : Cap nhat chinh sach diéu
khién tryc tiép theo hudng gradient dé cuc dai hoa
ham J , v6i quy tac cap nhat tham sb 6 :

V. ~E[V,Q(5,2]60°) |, s) V0 (51 6")]

Co ché nay dam bao tic nhan tim duoc diém t6i
wu cuc bd cho chién luoc didu khién trong moi trudng
phi tuyén phtc tap.

Chi tiét vé& quy trinh twong tac giira tic nhan RL
va moi truong mo phdéng tau KVLCC2, ciing nhu
co ché cap nhat trong s mang no-ron theo giai
thuat DDPG, dugc mé ta cu thé trong thudt toan
dudi dang gia ma dudi day:

Khéi tao md hinh va tham s
® M6 hinh dong lyc hoc tau KVLCC2
e Thong tin tuyén duong D, = 100km
e Thong s6 moi truong
e Cac siéu tham s6: MaxEpisodes = 5000 ,
, MaxSteps = 40000.
e Mang Actor z(s|6*) va Critic Q(s,a|8%)
v6i trong s6 ngdu nhién.
e Mang muc tiéu u'va Q'.
e Bo nhg dém D
e Chu ky trich mau T=1 giay
e He¢ s6 chiét khdu y =0.99

2 For Episodes to MaxEpisodes

Khéi tao lai moi truong Simulink

: Nhan trang théi dau s =[v,d__.,F T .
4 For t=1 to MaxSteps
5 Chon mirc cong sudt may cong nhidu tham
do 8 =u(s16") + N
Tinh toan dong luc hoc: Gia tde, Van toc
p V.., ,» Tiéu thu nhién liéu’ m; .
Cap nhat trang thai tiép theo s, dua trén vi
tr{ trén tuyén dudng.
7 Tinh phan thuéng r:
B = Wapeeg *Virr = Wiier * M + Py o + Froan_thamn
8 Luu(s,,a,,r,s,,;) vao by nhé d¢ém D
L4y ngiu nhién mot mau tir D
9 Cap nhat mang Critic Q
Cép nhat mang Actor u
10 Kiém tra diéu kién dimg:
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If d.., <0 Then ExitFor
11 End For
12 Tra vé chinh sach diéu khién tbi wu 4

Trén Hinh 2 14 qué trinh huan luyén tac nhan theo
phuong phap hoc tang cuong.

mm. mm‘ m
w Epinod aent

Hinh 2. D6 thi qud trinh hudn luyén tic nhin

Qué trinh huén luyén tac nhan RL dién ra trong
chuyén di dai 100km, tdi da 5000 chuyén di, t6i da
40000 gidy/chuyén. Tac nhan s& dwoc thuong 0,5
diém cho mdi m/s van tbc tang thém va bi phat 1,0
diém cho mdi kg/s nhién liéu ting thém. Gia tri nay s&
thay d6i trong cac chién lugc diéu khién khac nhau.
Khi vé dich tic nhan s& dugc thuong 500.000 diém,
gia tri tugng trung cho phéan thudng rat 16n dé tic nhan
nhanh vé dich.

Puong xanh duong (Episode reward) 1a diém
thudng cua timg chuyén di riéng 1¢. Puong xanh nhat
(Average reward) 1a diém thuong trung binh, day la
dudng quan trong nhét dé danh gia hiéu suit. Trén dd
thi huan luyén Hinh 2, ¢6 thé thiy qua trinh huin
luyén rat thanh cong va dién ra cuc ky nhanh chong
thé hién bang viéc hai duong hoi tu va di ngang & gia
tri rat 16n 537.134 diém (500.000 1a diém thuong vé
dich va 37.134 1a diém thudng nhan dugc tr vi€e can
béng tdc do va nhién liéu).

3. Két qua mé phong
3.1. Thiét Igp méi trwong thwe nghiém

Qué trinh huin luyén va mé phong kiém ching
duoc thuc hién trén phﬁn mém MATLAB/Simulink
phién ban 2025a st dung hdp cong cu Reinforcement
Learning Toolbox™. Phén cimg sir dung 1a may tinh
ca nhan véi cu hinh CPU Intel Core i5, RAM 32GB.

Tac nhan DDPG dugc cdu hinh v6i hai mang no-
ron sdu riéng biét cho Actor va Critic. Ca hai mang
déu str dung kién trac mang truyén thing véi 3 16p an,
mdi 16p gdm 128 neurons va sir dung ham kich hoat
ReLU dé dam bao kha nang hoc cac dic tinh phi tuyén
phure tap ciia dong luc hoc tau thuy.

Cong nghé s6, tw dong hoéa va trng dung hang hai

DP6i tugng 1a tau KVLCC 2, khdi luong
My, =3,210°(kg), hé sd lyc can than tau
Cou #32.900 , toc d0 tiéu thu nhién li€u toi da
FR.., ~114kg/s tong hanh trinh ciia mot chuyén di
dugc thiét 1ap 1a D, =100(km) . Diéu kién méi truong
dua vao dé thir thach cac bo diéu khién gém 3 ving
v6i cac luc can khac nhau. Ving bién lang véi luc can
1én tau 14 0,1 (MN), lyc can ving bién dong vira 13 0,5
(MN) va luc can vung béo 1a 1,2 (MN).

3.2. Kich béin 1: So sanh RL véi PID truyén
thong khi tau chay day tai

Dau tién, chung t6i kiém tra tinh hiéu qua cia ng
dung RL bing cach so sanh giita 2 b diéu khién khi
tau day tai. Mot bén 1a bo diéu khién PID (diéu khién
v6i tbe 46 khong doi) bén kia 1a mot tac nhan RL diéu
diéu khién véi chién lugc can bang gitra thoi gian
chuyén di va lugng nhién ligu tiéu thu (@peeq =0,5v2
@4y =1,0). Cac tham so PID dugc xac dinh thong qua
cong cu PID tuner cia Matlab tai diém lam viéc dinh
mirc (day tai, 6m/s) dé dam bao dap mg dau ra tdi uu
trude khi dua vao so sanh. Hinh 3 chi ra chién luoc
diéu khién toc d6 cua PID (nét dut) va bo diéu khién
voi tac nhan RL (nét lién) khi gip diéu kién moi
truong khac nhau.

[ -v(t) (PID) —v(t) (RL)

Viing bidn dong nhe Ving bo

> Vung bién lang

0 0.2 04 0.6 14 1.6 1.8 2

08 1 ol 12
I
x10*

Hinh 3. Toc dé tau khi siv dung PID va bé diéu khién
voi tac nhin RL trong kich bdn 1

B diéu khién PID ludn duy tri tbe d6 dat trude 1a
6m/s trong ca 3 ving, bat chap diéu kién moi truong.
Tac nhan RL ciing duy tri dugc toc do cao ¢ ving bién
lang 1a 6m/s va ving bién dong vira 1a 5,5m/s. Tuy
nhién khi di vao ving bdo, tic nhan RL diéu chinh
giam tdc d6 xudng con ~ 4,3m/s. Tac nhan RL di hoc
duogc tir qué trinh hudn luyén ring viéc ¢ ging giir
6m/s trong bdo s€ gay lang phi nhién liéu cuc ky 16n
(bi phat ning). Chién lugc t6i wu dé dat tong diém
thuong cao nhét 1a chip nhan di cham lai mot dé doi
léy viée tiét kiém mot lugng 16n nhién liéu.

Diéu nay co thé thay rd rang hon khi quan sat do
thi toc tiéu thu nhién liéu ¢ Hinh 4.
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Hinh 4. Dé thi téc dp tiéu thu nhién ligu trong cdc
diéu kign thoi tiét ciia 2 bg diéu khién PID so véi RL

Vi bo diéu khién PID, khi di vao viing bio, n6 phai
tang cong suat 1én muc rat cao dé chdng lai luc can va
gitr tbc do6 6m/s do vay nhién liéu tiéu thu rat 16n.
Luong nhién li¢u can thiét tang vot 1én 1,05kg/s, gﬁn
dat muc tdi da 1,14kg/s. Tac nhan RL c6 chién luge
diéu khién linh hoat hon 1a giam toc d6 manh xudng
con 4,3m/s. Két qua 13, né chi cAn mirc nhién liéu
~0,61kg/s, tiét kiém gan mot nira so v6i PID trong bio.

Do thi Hinh 5, cho théy téng luong nhién li¢u dugc
tich liy theo thoi gian trong sudt hanh trinh 100km.
Téng lwong nhién lidu tau tiéu thu khi ding bo diéu
khién PID 14 12.554,3kg. Vi viéc diéu khién bang tac
nhan RL, lugng nhién liéu tiéu thu giam gan 30%
(8.722,5kg ctia RL so véi 12.554,3kg cua PID).

12000

14000
- -Fuel (PID)—Fuel (RL) | [12554.3

10000

8722.5

8000

6000

Fuel total (kg)
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2000

0

0 0.2 0.4 0.6 0.8 12 14 16 18 2

1
Time [s] 10t

Hinh 5. Tong khoi lwong nhién liéu ma tiu tiéu thu
trong hanh trinh 100km
Trén Bang 1, so sanh hi¢u suét gitra bd diéu khién
PID va tac tir RL dang hoat dong véi chién luogc diéu
khién can bang giita thoi gian va mirc d6 tiéu thy nhién

liéu.

Bing 1. So sanh higu suit giita PID va RL

Phuong Téng thoi gian | Téng nhién li¢u
phap (gidy) (kg)
PID 16.200 12.554,3
RL 19.000 8.722,5

Bo diéu khién PID (duong nét dirt) két thuc hanh
trinh (tai 16.200 gidy) véi tong muc tiéu thu la
12.554,3 kg. Tac nhan RL (dwong nét lién), két thiic
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hanh trinh (tai 19.000 gidy) véi tong mirc tiéu thy la
8.722,5 kg. Nghia 14 tac nhan RL diéu khién tau vé
dich cham hon khoang 2.800 giay. Day khong phai 1a
mot that bai, ma 1a mot sy danh ddi co chu dich. RL
da chon di cham lai trong con bao dé tiét kiém gén 4
tan nhién liéu, dtng nhu dy doan cua mot chién luge
t6i wu hoa chi phi.

3.3. Kich bdn 2: Phan tich bén viing ciia RL so
voi PID

Trong thir kich ban nay RL va PID dugc cho diéu
khién tiu & trang thai khong tai (chi bao gdm khoi
luong dan). Diéu nay thudong khong gip trong thyc té,
nhung mot con tau chay khong tai cé dac tinh vat ly
hoan toan khac so véi khi day tai. Khi tau chay khong
tai, n6 nhe hon dang ké va c6 mén nude noéng hon.
Diéu nay dan dén 2 thay ddi vat Iy chinh:

« Khéi lwong giam: Tau nhe hon rat nhiéu, luc diéu
khién va gia tdc tau sé thay doi.

* Lyc can giam: Vi mén nudc nong hon, dién tich
v6 tau chim dudi nude it hon, din dén luc can vo tau
cling giam theo.

Viéc thir nghiém nay sé kiém tra tinh tong quét cia
RL réng, lidu mot RL duoc huén luyén cho tau nang
c6 thé 1ai tot mot con tau nhe khong.

Trong kich ban nay, tau dugc dan chi bang 60%
khéi lugng day tai, luc can vo tau chi con 70%. Cac bd
diéu khién duoc gitr nguyén thong sé nhu kich ban 1.

Trén Hinh 6, 1a dd thi tbc do tau trong kich ban 2.
Khi tau chay khong tai (khong tai, khdi lugng nhe hon,
I can it hon), ca hai bo diéu khién déu boc 16 dic
tinh ctia minh. Tdc d6 tau khi dung PID (nét dirt) mic
du giit dwoc tdc dd 6m/s nhung xuat hién cac gon ring
cua day dic trén dic tinh. Tac tir RL van diéu khién
tau v6i chién luge nhu kich ban 1 tuy nhién van tde
lac nay cao hon han so véi kich ban Ic trudc.

[--v(t) (PID) —v(t) (RL)]

0 5000 Time [s] 10000 15000

Hinh 6. Dé thi vin téc trong kich bin 2 khi tiu
chay khong tdi
B diéu khién PID duoc chinh dinhvdi cac thong

s6 P, I, va D tdi wu cho mét con tau nang. Khi PID
diéu khién mot con tau nhe (khong tai, quan tinh nho,
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lyc can it hon) 6n dinh ¢ téc do 6m/s thi tham sb
khong con phi hop gay ra dao dong khién duong van
téc bi gon song.

Vi RL, vi muc tiéu khong phai 6n dinh toc do do
vay khi gap tau nhe, RL khong c¢6 gang 6n dinh toc do
va xuit ra cing mot 1énh diéu khién nhu trudng hop
¢6 tai nhung vi khéi luong va lyc can it hon, n6 tao ra
tbc d6 cao hon nhiéu (~7,12m/s).

Két qua md phong cho chimg to, tinh bén ving ctia
RL va diéu d6 dén tir viéc no dua ra mot quyét dinh
dya trén kinh nghiém da hoc, tao ra mot Iénh 6n dinh.
Nguoc lai, PID tré nén mét 6n dinh vi n6 dua trén viée
sira 16 va céac thong sb sira 16i ctia nd khong con phu
hop voi vat Iy mai cia con tau.

3.4. Kich bin 3: Pdnh gid khd néing téi wu héa
linh hoat ciia RL

Dé kiém tra tinh linh hoat, chung t6i huan luyén
hai tac nhan RL méi bang cach thay d6i ham phan
thuong dat tén hai tic nhan mdi 1a RL Eco va
RL_Speed dé so sanh.

RL_Eco: Tac tir nay diéu khién véi chién luoc tiét
kiém nhién liéu nhét c6 thé bang cach ting w,, 1én 5
diém dé phat ning khi 1am mét nhiéu nhién liéu.

« RL_Speed: Téc tir nay diéu khién véi chién luoc
tiét kiém nhién liéu nhét c6 thé bang cach ting @, 1én
5 diém dé phat nang khi lam mét nhiéu nhién liéu.

‘ -=v(t) (PID) —v(t) (RL) V() (RLg ) --v(t) (RLg__ ) ‘

Speed

14 16 18 2
w10t
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Hinh 7. Téc dp tau khi siv dung PID va bj diu khién
véi tdc nhin RL_Eco, RL_Speed va RL cin bing

Trén Hinh 7, 1 tc do tau khi duoc diéu khién boi
tac nhan RL_Eco, RL_Speed, RL can bang (dugc tao
ra trong kich ban 1 va 2) va PID. O ving bién ling
RL_Eco va RL can bang déu diéu khién tau chay voi
van toc trung binh ~ 6m/s, twong ty PID. St dung
chién luge didu khién khac, tic tir RL Speed diéu
khién tau chay véi tée d6 tdi da ~7,19m/s dé rat ngén
thoi gian hanh trinh nhiéu nhat c6 thé. Ving bién dong
vira (bat dau tir 0,5.10* gidy), luc can ting, cac tic
nhan diéu khién giam téc do. Tac nhan RL_Eco diéu
khién giam tbc d6 manh nhét, xuéng con 5m/s dé tiét
kiém nhiéu nhién liéu hon. Trong khi d6 tac nhan
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RL_Speed c6 diéu chinh giam nhung van con rét cao
(~6,9m/s) vi n6 duge huin luyén dé wu tién toc do.

Ving bio (bat dau tir 1,3.10* gidy), luc can ting
vot, tdc nhan di duogc huin luyén va giam tbe do.
RL_Eco giam toc d6 xudng mirc rat thap (chi con ~1.8
m/s) dé tiét kiém t6i da. RL_Eco di hoc duoc 1a nhién
lidu 1 quan trong nhét. Tdc d6 khong quan trong, no
san sang di cham hon dang ké dé doi 14y viéc tiét kiém
nhién liéu tdi da. RL_Speed ciing dugc huin luyén
giam tdc d6 khi lyc can ting, tuy nhién van giir tc do
kha cao (5m/s) vi chi s6 phat nhién liéu cia RL_Speed
khong cao bé'mg RL_Eco. Viéc chay o tde d6 cao nhu
RL Speed s& tiéu tén nhidu nhién liéu hon hin
(13553,8kg) so voi RL_Eco chi 1a 5890,7kg, bu lai
thoi gian hoan thanh hanh trinh bang mot nira so véi
RL Eco (14.347 giay cua RL_Speed va 29.673 giay
ciia RL_Eco). Didu nay c6 thé thy trong dd thi tiéu
thu nhién liéu & Hinh 8. Pudng tong luong nhién liéu
tiéu thu ciia RL_Speed (nét chim-gach) cao han 1én
$0 voi cac dudng con lai.

14000
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Hinh 8. Pé thi téng lwong nhién li¢u tiéu thu trong
hanh trinh trong kich bdn 3
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Hinh 9. Puwiong cong danh doi gika lwong tiéu thu
nhién li¢u va thoi gian

Két qua téng hop lugng ti€u thy nhién li€u va thoi
gian hanh trinh cua céc tac tir RL nhu trong Bang 2.

Dua trén dit liéu tong hop trong Bang 2, chiing t6i
c6 thé xdy dung nén duong bién gidi han cac giai phap
ti wu (Pareto Front) tao boi ba tic nhan RL nhu Hinh
9. Budng bién nay cho thdy mdi quan hé danh dbi giita
hai muc tiéu mau thuan: thoi gian hanh trinh va tiéu
thy nhién li¢u, khong thé cai thién mot muc tidu nao
ma khong phai hy sinh it nhat mot muyc tiéu khéc.
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Bing 2. Bing tong hop so sdnh higu ndng ciia cdc
tdac tir RL trong kich bdn 2

Phuwong Téng thoi gian | Tong nhién li¢u
phap (gidy) (kg)
PID 16.200 12.554,3
RL 19.000 8.722,5
RL _Eco 29.673 5.890,7
RL_Speed 14.347 13.553,8

Diéu nay co6 nghia 1a khong thé c6 mot giai phap
t6t nhat duy nhat, chi c6 thé c6 tt nhat cho myc tiéu
cu thé nao d6. Puong cong nay cho phép lya chon tdi
wu cho muc dich diéu khién. Néu mudn di nhanh hon
(di chuyén sang trai), budc phai chip nhan tén nhiéu
nhién liéu hon (di chuyén lén trén). Nguoc lai, néu
mudn tiét kiém nhién liéu (di chuyén xubng dudi), bat
budc phai di cham hon (di chuyén sang phai).

Diém PID nim bén ngoai (phia trén) dudng cong
nay. Didu ndy c6 nghia 1 PID 12 mot chién lwoc khong
hiéu qua.

4. Két luan

Bai bao nay di trinh bay mot cach tiép can méi
dua trén hoc tang cuong RL, st dung thuit toan
DDPG, dé giai quyét bai toan tdi wu héa da muyc tiéu
mau thun giira tdc do hanh trinh va murc tiéu thu
nhién li¢u. Mot moi truong md phong dong luc hoc
1D cua tau KVLCC2 da dugc xay dung thanh cong
trén nén tang MATLAB/Simulink, cho phép tac nhan
RL hoc cac chién luge diéu khién cong suit dong co
mot cach hi¢u qua.

Céc két qua mod phong da chimg minh 13 rang tinh
wu viét ciia phuong phap dé xudt so vai bo diéu khién
PID truyén thdng vé hiéu suét, tinh bén vimng va tinh
linh hoat.

Céc nghién ctru trong tuong lai ¢6 thé tap trung
vao viéc md rong mo hinh 1D hién tai 1én 3-DOF
(bao gdm ca diéu khién bé 14i) hodc 6-DOF dé tang
tinh chinh xac. Hon nita, m¢t hudng di trién vong
la két hop tac nhan RL (giai quyét bai toan diéu
khién cuc bd) véi cac thuat toan toi wu hoa tuyén
duong (nhu A* hodc Isochrone) dé tao ra mot hé
théng hd tro quyét dinh toan dién cho hanh trinh tau
thuy.

Lo1i cam on

Nghién ctru nay duogc tai trg boi Trudng dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.66.
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