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MO PAU
1. Tinh cap thiét cia vAn dé& nghién ciu

Trong nhimg ndm gan day, su phat thai khi nha kinh tr tau thiy dang 1a
chu dé nhan duoc rat nhiéu sy quan tim. Khi tau hanh trinh n6 phat ra cac
chat khi gay 6 nhiém nhu SOx, NOx, PM va CO; [21]. Riéng véi khi CO,
phat ra tir cac phuong ti€n van chuyén duong thity chiém téi 3.3% tong lugng
khi CO, phat thai ra trén trai dat va con s6  nay duge dy bdo s€ tang 1én khoang
150%+250% vao ndm 2025 [56]. Cac chat khi thai nay déu rat doc hai va anh
hudng xau dén moi truong song.

Van tai duong bién 1a phuong thire véan chuyén chinh va ré nhét khi van
chuyén hang hoéa gitra cac qudc gia va cac luc dia. Tuy nhién, hién nay gia
nhién liéu dang ngay mot ting cao ma chi phi nhién lidu 14 yéu t6 tén kém
nhét trong viéc van hanh tau, chi phi nay c6 thé 1én t6i toi 70% tong chi phi
khai thac tau tuy vao tai trong va chung loai tau [24].

Hon nita, d¢ tuén thi phu luc VI/nghi quyét MEPC. 328(76) nam 2021 vé
viéc stra d6i, bd sung ddi v6i Phy luc VI “Quy dinh vé ngin ngua o nhiém
khong khi tir tau” ctia Cong wéc MARPOL céc hing van tai bién hau hét déu
dang sir dung mot bién phap chinh d6 1a gidi han cong suat may chinh. Tuy
nhién, khi cn van chuyén hang hoa nhanh chéng thi ddy s& la mot nhuge
diém 16n. Vi vy, trong nhitng nim gan day cac nha nghién ctru dang di tim
chc giai phap dé van hanh tau sao cho téi thiéu hoa nhién liéu, mang lai hiéu
qua khai thac 16n hon.

Tur thye té ‘nay, NCS dé xuat xay dung mot phuong phap dé tim nhimng
tuyén duong t6i thiéu hoa nhién liéu cho tau truéc mdi chuyén di dé - néng cao
hiéu suat khai thac va giam khi thai 6 nhiém ra méi trudng. Cu thé NCS dé
Xuét dé tai: “Nghién ciku phdt trién thudt todn dinh tuyén hanh trinh tau thuy
nham t6i thiéu héa nhién liéu tiéu thu” 1a mot huéng di co tinh thyc tién hién
nay.

2. Muc dich nghién cru cia luan an

Muc dich nghién ctru 1a xay dung thudt toan dinh tuyén hanh trinh nham t6i
thiéu hoa nhién liéu tiéu thu gop phan nang cao hiéu qua khai thac va giam khi
thai 6 nhiém ra méi truong.

3. Poi twgng va pham vi nghién ciru cia luan an

Déi tuwong nghién ciru:

Dbi tugng nghién ctru 13 nhitng tau ché hang roi, trong tai 16n.

Pham vi nghién curu:

Nghién ctru va thir nghiém thuat toan trén mét mé hinh mé phong duoc
xay dung theo phuong phap HIL thay vi thir nghiém vai tau thuc.

Mot s6 thong s6 tau nhur trong tai tu, mén nude phia mili va mén nuée
phia 1ai dugc gia dinh khong thay ddi khi xay dung bo dir liu.



Chi xét thanh phan song duoc gay ra bai gio (trén thuc té gié 1a nguyén
nhan chinh), bé qua thanh phan séng king.
4. Phwong phap nghién ciru cia luin an

Dé dat dugc nhitng muc tiéu dua ra, luan an sir dung cac phuong phap
phan tich, tong hop, md hinh hoa va mo phong.
5.Y nghia khoa hoc va thyc tién cia luan an

Pé tai cé y nghia khoa hoc:

Vé mat phuong phap luan, luan an dua ra mot phuong phap dé dinh tuyén
hanh trinh cho tau véi muc tiéu giam thiéu lugng nhién li¢u tiéu thu. Cu thé,
thay vi st dung cac bd dit liéu trong qua trinh khai thac tau trong qua kh,
phuong phap nay dé xuét mot phuong phap dé tao ra mot bo dit liéu béng mot
md hinh mo phong theo phuwong phap HIL. Bén canh d6, luan 4n ciing dé xuat
nhitng thuat toan dé dinh tuyén hanh trinh t6i thiéu hoa nhién lidu c6 rang
budc thoi gian cho tau dua trén mé hinh dy bdo str dung mang no-ron va thuat
toan tim kiém A*.

Pé tai ¢é ¥ nghia the tién:

V& mit thyc tién, luan an co ¥ nghia thiét thuc trong giai doan hién nay
khi Viét Nam dang nd lyc trd thanh mot qudc gia manh vé kinh té bién. Ngoai
ra, néu d¢é tai dugc nghién ciru thanh cong thi s& gop phan giam 6 nhiém moi
truong, dem lai nhitng hiéu qua 16n vé kinh té.

6. Nhirng dong gép méi caa luan an

Luan 4n c6 02 diém dong gbp méi tiéu biéu, d6 1a:

Trudec tién, ludn an da xay dung dugc mot moé hinh dy bao dugc cé nhién
lidu tiéu thy va thoi gian hanh trinh st dung mang no-ron dugc huén luyén
bang bo dit liéu dugc tao ra tir mdt mod hinh mé phong xdy dung theo phuong
phap HIL.

Thir hai, luan 4n dé xuét thuat toan dinh tuyén hanh trinh ti thiéu hoa
nhién li¢u ti€u thu c6 rang bugc thoi gian dya thudt toan tim kiém A* va mang
no-ron tng dung trén mot do thi di chuyén cong nham néng cao tinh chinh
xac va tin cay.

7. Két cAu caa luan an

Luan an gdom 115 trang A4 (khong ké phu lyc), thir tu gom céc
phan sau: mg dau; ndi dung chinh (gdm 04 chuong); két luan va kién nghi;
cac cong trinh khoa hoc da cong bd, tai liéu tham khao va phu luc.

CHUONG 1. NGHIEN CUU TONG QUAN
Chuong nay thue hién viéc phén tich, tong hop cac tai liéu trong va ngoai
nuée lién quan dén van dé nghién ctru cia luan 4n dé tim ra nhitng van dé
¢con tdn tai trong linh vyuc nay. Tu do, dé xuét hudng nghién ctru cho luan an.



Tdng hop tir cac tai liéu lién quan dén nhirng giai phép dé nang cao hiéu
qua str dung nhién liéu cho tau thuy thi cac giai phap dé nang cao hiéu qua sir
dung nhién ligu cho tau trén thé gii va Viét Nam thuong duge chia lam 02
nhém chinh. Nhom giai phap thar nhét 14 nang cao hiéu qua str dung nhién
lidu tir qué trinh thiét ké tau va nhom giai phap thir hai 12 trong qua trinh van
hanh, khai thac tau [6, 16]. Tt viéc phan tich céc tai liéu trong va ngoai nude
lién quan néu trén, NCS thiy rang:

Nhém giai phap thir nhéat gdm giai phap chinh nhu t4i wu hinh dang than
tau [50, 69], ti wu hoa hoat dong cua mdy chinh [28, 62], su dung h¢ lyc day
hén hop [40], st dung cac ngudn ning lugng thay thé [29], v.v.. Nhiing giai
phéap nay doi hoi phai dugc thyc hién tir trude va trong qua trinh dong mai
tau. Boi vay, luan an s€ khong di theo hudng nghién ciru nay.

Cac giai phap trong nhom thir hai gf)m ¢6 cac giai phap chinh nhu van
hanh tau & toc do thap [45], tim goc chui t01 uu [39, 70], xay dung phan mém
hd tro ra quyét dinh [26, 46, 83] va tim tuyén dudng t6i wu dua trén cac thong
tin du bao thoi tiét [64, 67, 77, 89].

Trong nhom giai phap thtr hai thi cac giai phap dé tim cac tuyén duong
t6i wu dua trén cac thong tin dy bao thoi tiét 1a giai phap dé thuc hién, dem
lai hiéu qua kinh té. Tuy nhién, hau hét cac nghién ctru theo hudng nay thi dit
liéu duogc str dung cho viée tinh toan, dy bao nhién liéu ti€u thy 1a nhitng di
lidu ghi lai tir qua trinh hoat dong cua tau. Nhitng ngudn dit liéu nay c6 nhuoc
diém 1a d6 chi tiét khong cao, thoi gian cap nhat dit liéu gitra mdi 1an 16n (tdi
da la 1 1an/ 1 ngay véi ban tin bao cdo budi trua) va thuong thiéu nhimg dau
Va0 quan trong. Bén canh dé, c4c tiéu chi tim kiém tuyén duong chua co su
lién két chat ché voi nhau khi hau hét chi giai nhimng bai toan don 1¢ nhu chi
t6i thiéu hoa nhién liéu, dén dich dung gio hay chi 1a tiéu chi an toan.

Tir nhitng ton tai néu trén, ludn dn dé xudt mét phwong phdp dé gidi quyét
van dé véi ba bude nhir sau:

Buégc dau tién ma luan an s& thuc hién 1a nghién ctru xay dung mdt mo
hinh mé phong st dung cong nghé mo phong phan cimg trong vong lap HIL
nhim tao ra mot bo dit liéu thyc hién trong budc 2 dé thay cho nhitng b dir
liéu van hanh trong qua khu cua tau.

O buée 2, md hinh mé phong da xay dung s& duge dung dé tao nén mot
bo dir liéu voi da dang cac kich ban nhu khi tau van hanh trén bién dé thay
thé cho nhitng dit liéu qua khir bang cach thay ddi cac thong sb tau, bién do
va hudng cta cac nhidu méi truong. Bo dit liéu do s& duge sir dung dé huan
luyén cho mdt mo6 hinh dy bao ANN str dung mang no-ron dugc huén luyén
theo thuét toan lan truyén ngugc voi hai dau ra la nhién liéu tiéu thy va thoi
gian hanh trinh.

Tai budc cudi cung, tr mo6 hinh duy bao ANN da dugc xay dung & budc 2
két hop thuit toan tim kiém A*, thuat toan I dugc dé xuit dé tim myén duong



toi thiéu héa nhién liéu cho tau. Trong khi d¢, thudt toan II dugc dé xuét dé
g01 ¥y gia tri toc do dat cho may chinh phu hgp gitp tau c6 theé dén diém dich
theo dung thoi gian yéu cau trén tuyén dudng da dugce goi y boi thuét toan L.

CHUONG 2. NGHIEN CUU XAY DUNG MO HINH MO PHONG
THEO PHUONG PHAP HIL
Chuong nay thyc hién viéc nghién ciru, thiét ké mot mé hinh mé phong
theo phuong phép HIL nham thuc hién hai muc dich 1a dé tao ra mot bo dix
lidu dé thay thé cho bd dir liéu van hanh trong qua khir ciia tau va dé kiém
chung cac thuat toan dé xuét.
2.1. Céu tric mo hinh mod phéng d@é xudt

Khéi 1: May tinh diéu khién
4 N\

B diéu khién OPC Write
quy dao (Client)
OPC Read — =
(Client) M hinh tinh toan @J
nhién liéu

Khéi 2: Poi twgng diéu khién

.
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Hinh 2.1. Cdu tric mé hinh mé phong HIL dé xuat

Dua trén cau trac mo hinh mé phong HIL truyén thdng, ciu tric mo hinh
dé xuit dwoc md ta nhu trén hinh 2.1. M6 hinh s& gdm hai khdi chinh nhu
Sau:

« Khéi 1: dong vai trd 1a mot bd didu khién quy dao thuc dé didu khién
m6 hinh tau trong khéi 2. Bén canh d6, mot mé hinh tinh toan nhién lidu ciing
s& dwoc xay dung bén trong khdi nay.

« Khdi 2: dong vai trd 1a mot md hinh tau thay thé cho tau thuc. M@ hinh
tau s& duoc xay dung dudi dang mot d6i trong 3D sir dung phan mém Unity
dua trén hé phuong trinh 6 bac tu do (6-DOF) cua tau, md hinh toan cua h¢
lyc ddy, nhiéu moi truong va hd so ky thuat cia tau.

Ngoai ra, mot giao dién truyén thong dwoc xay dung dé truyén/nhén dit
liéu gitra d6i twong diéu khién (khdi 2) va bo diéu khién (khéi 1) dua trén sy
két hop giita phan mém KEPServerEX va cic khdi OPC Read/Write trong
thu vién OPC toolbox ctia phdn mém Matlab/Simulink vé&i chu ky 14y mau
duoc cai dat 1a 100 ms.



2.2. Xay dung moé hinh dong luc hoc tau trong méi truong 3D

M6 hinh déng luc hoc tau s& duogc xay dung dé mé phong con tau that
The Prosperity dua trén hé phuong trinh sau bac tu do (6-DOF) cua tau, cac
mb-men va lyc cua nhi€u méi truong va hé luc day (gom chan vit va banh
1ai). Hé phuong trinh 6-DOF mé ta dong luc hoc ciia tau nhu sau [30, 31]:

1 =1J(mv 2.1)

MU +Co(V) =1, +7. +7 '
trong d6, 77 1a véc-to vi tri va hudng; J(n) 1a ma trdn chuyén dbi, v 12 véc-
to van toc dai va van tdc goc trong hé truc toa do gan voi than tau, Mg la
ma trn quan tinh, C; 1a ma tran Coriolis va luc huéng tam, 7, ,7.,7 lan
lugt 14 cac luc va mo-men: thily dong luc hoc, nhidu méi trudng va hé luc
day.

Hinh 2.2. M6 hinh déng luc hoc tau dang dwoc thir nghiém
Hinh 2.2 minh hoa m6 hinh dong luc hoc tau dang dugc thir nghiém véi
huéng gi6 1a 90°, gi6 cap 7/12 thang Beaufort. Trong khi d6, hinh 2.3 thé hién
goc lac ngang ciia md hinh tau da xay dung khi chiu tic dong ciia song va
gi6, dao dong lic ngang tong dugc dua qua mot bo loc thong thap dé tach ra
dao dong lic ngang tu nhién phuc vu cho viéc so sanh, danh gia khi kiém
chirng mo hinh.

Dao dong lic ngang tu nhién
Dao dong lac ngang tong

Goc lic ngang (d6)

/ 1

L [

/m v \Tm.. = (AT
l

L L 1 1 L I 1 =

0 60 70 80 90 100 110 120 130 140 150 160
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Hinh 2.3. Géc ldc ngang qua bé loc théng thap



2.3. Xay deng mo hinh tinh todn nhién ligu tiéu thu
M0 hinh tinh toan nhién li€u tiéu thy s€ 1a mgt mo6 hinh quan trong, anh
huong dén hidu qua cta phuong phép dé xuat. Khi tau hoat dong, nhién ligu
tiéu thu ciia may chinh trong mgt ngay duogc tinh nhu sau:
24h
TFC = j P.SFOC., dt 2.2)
i=0
trong 6, TFC 1a nhién li¢u tiéu thy trong mot ngay (tan), P; 1a cong suat tirc
thoi ctia may chinh (kW), SFOC; 1a suét tiéu hao nhién liéu (g/kW.h).
Nhu vay, mudn tinh dwgc nhién lidu tiéu thy thi can tinh dugc cong suat
tire thoi va sudt tiéu hao nhién lidu tai mdi thoi diém lay mau i.
Vi huéng nghién ciru 1a céc tau chd hang c6 bude chan vit ¢b dinh, cong
suét cia may chinh s& dugc tinh nhu sau [8]:

P=cxn’ (2.3)
trong d6, P 1a cong suat may chinh (W), n 1a téc d6 may chinh (rpm), ¢ 1a mot
hang sb phu thudc vao luc can bo sung tac dong 1én tau.

Khi tau hoat dong, luc can bd sung (Radded) tac dong 1én tau dugc tinh nhu
sau [58]:

Radged = Rawm +Z Rk + Ruing (2.4)

trong d6, R Rawr lan lugt 1a Iyc can bo sung do séng bai higu ting birc

AWM
xa va hiéu irng phan xa, Ruwing 12 Iyrc cén do gid.

SFOC (g/kWh)

POWER (MW)

, - L5055 65 TF 85 95
C T Y e " POWER (MW)

Hinh 2.4. Cdc dirong dé thi 1am Hinh 2.5. Puong cong sudt tiéu hao
viéc cua chan vit nhién liéu

Gia tri luc can bd sung tau R, tai thoi diém tinh toan i bat ky sé& tinh

dugc tir cac cong thire ban kinh nghiém tiy vao cac thong sé cua tau va do
16n cﬁng nhu huéng ctia cac nhiéu moi truong nén R!, ., < [0, max] . B&i vay.
Hé sb ¢ trong phuong trinh (2. 3) tai thoi diém i s& dugc nodi suy tir gia tri luc
can bd sung tac dong vao tau nim trong khoang [0 + Rmax] nhu sau:



eix\dded X (Cmax — Cmin)

max
added

trong d0, Crmin VA Cmax 12 hai hé s ¢ ing véi trudng hop thoi tiét tot va trudng
hop thoi tiét xdu nhat. Khi tau lam viée dudi diéu kién khong ¢ nhidu s& 1a
o sO dé tinh toan ra hé sb Cmin tmg v6i mot tbe do dat n theo phwong trinh
(2.3). Trong khi d6, gia dinh trong truong hop thoi tiét xau nhét s& 1 co s¢
dé tinh toan hé sd Cmax. Hinh 2.4 minh hoa cac dudng dd thi 1am viéc cta chan
vit dugc xay dung cho tau The Prosperity. Trong khi d6, hinh 2.5 minh hoa
dudng cong suit tiéu hao nhién liéu cua tau thuc dugc lay tir bo dir liéu thir
tau.

Tir céc co s6 trén, md hinh dé xuét duoc thiét ké xay dyung trén phan mém
Matlab/Simulink nhu hinh 2.6.

(2.5)
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Hinh 2.7. Nhién liéu tiéu thu cia mdy chinh véi cac diéu kién khac nhau
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Khi chay mo hinh dé xuat va so sanh két qua v6i nhitng ngay twong tmg
trong ban bao cao budi trua cia tau thyc thi sai s déu rat nho, sai sb trung
binh khi thir nghiém 1a 1.26%. Hinh 2.7 thé hién lwgng nhién liéu tau tiéu thy
trong mot ngay khi hudng gié va toc do gio thay doi.

2.4. Xay dwng bg diéu khién quy dao
2.4.1. Xay dung cdu triic diéu khién

Vi tau 1a mot dbi twgng co tinh phi tuyén 16n, hoat dong trong moi trudng
chiu tac dong ctia nhidu ngiu nhién nhu séng, gioé va dong chay. Boi thé, cac
bo diéu khién quy dao dugc xay dung cho tau déu dya trén co so tuyén tinh
hoa md hinh tau tir m6 hinh nguyén thity 6-DOF. Dya trén nghién ctu [91]
véi b diéu khién quy dao st dung logic mo va bo diéu khién PID dua trén
viéc tuyén tinh héa mé hinh tau, ciu trac diéu khién s& sir dung trong nghién
clru nay dugc xay dung nhu hinh 2.8.

Trong ciu triic dé xuat, quy dao dat cho bd diéu khién quy dao s¢& la mot
tap hop cac diém chuyén hudng (waypoint) tir diém khoi dau dén diém dich.
Toa d6 nhitng diém waypoint nay s& duoc giri t6i mot bo didu khién quy dao
dugc xay dung dua trén logic mo va bo diéu khién PID. Cu thé, khdi Tinh
toan hwong di dat st dung logic mo s€ c6 nhiém vu s€ tinh toan ra huéng di
dat y,dua trén quy dao dat va toa do hién tai ciia md hinh tau.

TiN HIEU PIEU KHIEN BQ PIEU KHIEN QUY PAO f TAU PONG LUC HOC TRONG MOI
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Hinh 2.8. Cdu triic d@iéu khién dé xudt

Trong khi 46, Bg diéu khién giit hiréng PID c6 nhiém vy nhan hudng di
dat (,) va tin hidu huéng di hién tai () ctiia md hinh tau dé tinh toén ra
be 1ai dat (S,), dua trén tin hiéu goc be 1ai hién tai () thi tin hiéu sai 1éch
s& dugc giri toi khdi khuéch dai va thuc hién trung gian (KB va THTG) va t6i
mo hinh may 1ai (MHML).

Bén canh do, cac gia tri tbc do dat (no) s& dugc giri t6i khdi Bé diéu toc
dé cai dat nhirng gi trj tbc d6 mong mudn khac nhau giri dén co cu chip
hanh (CCCH) va m6 hinh may chinh (MHMC) ciing duoc xay dung trong mo
hinh tau dé xuét. Ngoai phan hdi tde do, bo diéu tdc s& nhan tin hiéu phan hdi
vi tri vt cia CCCH va so sanh véi tin hiéu dit vi tri vty cua khéi diéu khién
(KHOI DK) @é giri tin hiéu ¢én CCCH.
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2.4.2. Xay dung bg diéu khién quy dao o
B0 diéu khién quy dao dugc xay dung trong phan mém Matlal?/Simulir}k
nhu trén hinh 2.9 [91]. Trudc tién, hudng di tinh toan (y,) gl dén Bo dicu
khién giir huéng PID s& dugc tinh toan nhur sau:
wo =y, +(w, —y,) xCDH (2.6)
trong do, w,,y, lan luot 1a goc gilta duong di ngin nhat dén diém chuyén
hudng (WP) gan nhat WP1 va gan thir hai WP2 véi hudng bic, v, lahudng
di tinh toan s& dwoc giri dén Bé diéu khién giit hirong PID. Trong khi d6, hé
s6 CDH (0<CDH <1) sé& dugc tinh todn bang thuat toan logic m& dua trén
hai thong s 1a thoi gian tiép can gan nhit (TCPA) va khoang céch tiép can

gan nhét (DCPA).
@
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Hinh 2.9. B¢ diéu khién quy dao dd xdy dung trong Matlab/Simulink
Sau khi st dung thuét toan logic m¢o dé xac dinh dugc hé s6 CDH thi
huéng di mong muon i, sé¢ dugc tinh toan va so sanh véi hudng di hién tai

READ FROM SHIP (28 5igs)

w dé tinh toan ra sai léch hudng di. Bé diéu khién hudng di cho tau theo
huéng mong mubn ¥,, b diéu khién PID s& tinh toan ra goc bé lai dat gui
td1 m6 hinh may 14i cua tau 3D nhu sau:
t dA

By =Ko@p)+K, [ (ap)dt+ K, = F @27
trong do, K,,K,, Ky lan Iuogt 1 cac hé sb ty 1¢, tich phan va vi phan, nhimg
hé sb r}éy duogc ty dong thay ddi dua vao bd hé sb tdi wu theo cac didu kiép
thoi tiét va tai trong khac nhau ma tau thue The Prosperity dang stt dung két
hop véi phuong phap gan diém cuc dé kiém chang [30]. Ngoai ra,
Ay =y, —y lasailéch huéng di.



2.5. Xay deng m6 hinh m6 phéng theo phwong phdp HIL

= Ethernet cable
OPC Client/Server

Hinh 2.10. M6 hinh md phdng da duwoc xay dung theo phwong phdp HIL

M6 hinh m6 phong da duge xay dung nhu hinh 2.10. Trong do, khéi 1 1a
may tinh diéu khién gém mot man hinh nbi véi mot may tinh cong nghiép
dong vai tro 1a mot bo didu khién thye. Khéi 2 14 1a may tinh chay phdn mém
Unity chira m6 hinh dong luc hoc tau The Prosperity. Nhitng kich ban khac
nhau nhu toa d6 tau chu, cac théng s mdi truong (song, gid, dong chay), v.v.
¢ thé duoc cai dat tir khdi 2.

Giira hai khbi duoc két ndi véi nhau str dung mét cap mang Ethernet. May
tinh 3D & khdi 2 dwoc cai dat phén mém KEPServerEX. Giao thirc truyén
thong gitra bo diéu khién trong khdi 1 va mo hinh tau trong khéi 2 va thoi
gian 1ay mau dugc cai dat nhu trong bang 2.1.

Bang 2.1. Giao thirc truyén théng va thoi gian ldy mau

Thong s /Doi tac truyén B¢ diéu khién & M6 hinh tau &
thong khoi 1 khoi 2
Giao thirc truyen thong V61 | 5 cjienyserver | Modbus TCP/IP
KEPServerEx
Thoi gian ldy mau 100 ms 100 ms

Vi tau 1a mot doi tugng c6 quéan tinh kha 16n nén thoi gian 1ay mau trén
1a dt dé dam bao dugce tinh thoi gian thyc cua mo hinh diéu khién.

Mo hinh d3 xay dung duoc kiém nghiém vai 10 kich ban véi hudng va
bién d6 nhiéu khac nhau tic dong vao tau. Khi so sanh cac két qua mo phong
v6i tap dit liéu bao cao budi trua cua tau The Prosperity trong ting trudng
hop cu thé, két qua so sanh déu cho nhiing sai sb rat thap.

CHUONG 3. NGHIEN CUU XAY DUNG THUAT TOAN DINH
TUYEN HANH TRiNH TAU THUY NHAM TOI THIEU HOA
NHIEN LIEU TIEU THU

Trong chuong nay, mét md hinh du bao nhién liéu tiéu thu va thoi
gian di chuyén cho tau sir dung mé hinh mang no-ron truyén thang MLP s&
duogc xay dyng. Dya trén md hinh dy bao da xay dung va thuat toan tim kiém
A*, 02 thuat toan dé tim tuyén duong ti thiéu hoa nhién lidu s& dugc dé xut.

10



3.1. Xay deng md hinh de bao nhién ligu tiéu thu va theoi gian hanh trinh

Hudng bic ?
T | Gi6 (wind)
[Cép: 0,3, 5, 7] (Beaufort)

_ _ / 0°+360°
Tuyén duong mau

(A-B: 2241 m) |
I Dong chay (current)
[Téc do: 0, 1.5, 3 knots]
Téc do méy chinh 02000
[65 70 75 rpm] . 07360

Hinh 3.1. Piéu khién tau di qua tuyén dwong mau dé xdy dung b dir liéu
Trude tién, mot b dir lidu s& duge tao ra dé thay thé cho cac bo dit lidu
van hanh trong qua khir cta tau thyc st dung mé hinh mé phéng HIL da xay
dung. Bang cach thay ddi cac thong s6 tau va thong sb nhidu méi trudng duoc
minh hoa nhu trén hinh 3.1, mot bo dir liéu gdm 3456 miu s& dugc tao ra dé
huén luyén cho mé hinh mang no-ron.

T T T T
—— Nhién liéu tigu thy— L 16p an
18 = = = Thoi gian hanh trinh — 1 16p an 4
Nhién ligu tiéu thy — 2 16p an

[| === Thoi gian hanh trinh - 2 16p an
—— Nhién li¢u tiéu thu — 3 16p an
- = = Thoi gian hanh trinh - 3 16p an

Sai s6 MAPE (%)

nho nhit | | | | | |
10 20 30 0 50 60 70 80 % 100
S0 no ron (nodes)

Hinh 3.2. Anh huwéng cua viéc thay doi sé 16p dn va sé no-ron dén sai s6 MAPE

V6i nhiéu vu diém va mirc 6 phd bién, mang no-ron truyén thing MLP
1a m6 hinh mang dugc chon Iya de sir dung trong nghién ctru nay. Theo nhiéu
nghién ciru, s6 luong 16p 4 an va s no-ron trong moi 16p an do lai tuy thude
vao moi bo dir li¢u [44, 74, 86]. Chinh boi vay, 30 m6 hinh v6i s6 lugng 16p
an va s6 no-ron khac nhau trong 16p an khac nhau dugc huan luyén véi bo dir
lidu da duoc tao ra trude d6. Sau d6, 30 mo hinh da luyén s& duoc st dung dé
du bao voi cung mot bd dir li€u thir. M6 hinh dugc Iya chon 1a mé hinh ¢6 1
16p 4n va 30 no-ron khi mé hinh d6 du bao dau ra véi sai s6 MAPE nho nhét
trong tit ca 30 mé hinh da luyén dugc minh hoa nhu trén hinh 3.2.
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Hinh 3.3. Cdu tric mang MLP duwoc chon voi 01 l6p én va 30 no-ron

Béi vay, mo hinh du bao nhién li¢u va thoi gian hanh trinh dugc chon
g6m mot 16p dau vao (5 no-ron), mot 16p an (30 no-ron) va mot 16p dau ra (2
no-ron), ciu trac mé hinh nay thé hién nhu hinh 3.3.

3.2. Xay deeng thugdt toan tim tuyén dwong téi thiéu hoa nhién ligu tiéu thy
3.2.1. Xay dung do th di chuyén

Trude tién, dé thuét toan co thé hoat dong, mot dd thi di chuyén s& can
dugc xay dung giita diém khoi dadu WPO va diém dén WPg.

Trén thuc té, tuyén duong ngan nhit gitra hai diém bét ky trén trai dat 1a
nhitng dudng cong nam trén cung vong 16n. Boi vy, nghién clru nay sé xay
dung bai toan tim tuyén dudng tdi thiéu hoa nhién lidu trén mot mat cong.
Puong di ngén nhit giita 2 waypoint bat ky s& 14 cung tron ¢6 do dai dugc
tinh theo cong thirc Haversine. Do thi di chuyén duoc xay dung gitta WPO va
WPg nhu thé hién trén hinh 3.4.

NLTT wéc lugng: WPg

h(WPn) (Dwen:
(WPN) (Dwpn-weg) Edge 4

Tuyén dwong ngian
nhét: WPO-WPg

NLTT thue:
gWPn) = > g(WPi)
i=0

WPO
Hinh 3.4. D6 thi di chuyén deoc xdy dung giita WP0 va WPg
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Puodng cong mau do6 1a duong di ngan nhit gitra WP0 va WPg (nam trén
cung vong 16n). Tir mot diém waypoint WPn bat ky, tau c6 thé duoc di chuyén
theo ba hudng 1a toi cac diém WPp, WPq va WPr. Trong khi d6, nhiing diém
waypoint nam trén Edge 1 va Edge 4 nhu WPu thi chi ¢c6 mot huéng di chuyén
la tir WPu t6i WPv. Ngoai ra, g(WPn) la nhién liéu tau tiéu thu (NLTT) khi
16 di chuyén tir WP0 dén WPn, h(WPn) 1a NLTT udc lugng néu tau di chuyén
tir WPn dén WPg.

3.2.2. Xay dung ham myc tiéu

Ham muc tiéu dugc xay dung dé tim myén duong t6i thiéu hoa nhién liéu
c6 rang budc vé thoi gian hanh trinh t6i da dugc xay dung dua trén co s6 1y
thuyét cia thuat toan A* va bo dit lidu da duoc xay dung v6i hai dau ra 1a
nhién li¢u tiéu thy va thoi gian hanh trinh, cu thé nhu sau:

Minimum : f (WPn) =h(WPn)_ +zrzog(\NPi)Fc (3.1)
V6i diéu kién rang budc 1a:
zigzog(\NPi)ST Stmax (32)

trong do, f(WPn) 1a chi phi tong thé u6c luong cia dudng di tir WPO qua WPn

deén diém dich WPg, h(WPn)ec la nhién li¢u tiéu thu ude luong dé tau di

chuyén tir WPn t6i WPg, g(WPi)rc 1a nhién liéu tiéu thuc dé tau di chuyén tir

diém WP(i-1) dén WPi, >"° g(WPi),, la tong thoi gian hanh trinh cta tau
i=0

tir WPO dén WPg trén tuyén duong toi wru da tim, tmax 12 thoi gian hanh trinh
t6i da cho phép.

Duya trén ham muc tiéu nay, Kkét hop véi dd thi di chuyén va cac ma tran
chi phi NLTT thyc G, ma tran chi phi NLTT wéc lugng H sé 1a co s¢ dé xay
dung cac thuit toan dé xuit.

3.2.3. Xay dung thugt toan tim tuyén duwong toi thieu hoa nhién ligu

Thuét toan dinh tuyén hanh trinh t5i thiéu hoa nhién liéu tiéu thu (thuat
toan I) dugc dé xuat c6 mi gia dugc trinh bay nhu bang 3.1.

Thuét toan | s& tao ra hai tép 1a open_list (Iuu trit tat ca waypoints s& duoc
duyét dén dé tim tuyén duong toi thiéu hoa nhién liéu) va closed list (chira
nhitng waypoints da dugc duyét qua khi tim kiém). Khi bt dau, WPO0 s& duoc
dua vao open_list. Nhién liéu tiéu thu f(WPO) tir WPO dén WPg s& dugc gan
bang nhién li¢u tiéu thu wéc lugng h(WPO) tir WPO dén WPg.

Mot vong ldp while s& duoc st dung tir dong 1 dén dong 29 dé tim nhiing
diém WP trén tuyén duong tdi thiéu hoa nhién liéu va luu vao closed_list,
closed_list s& tra vé két qua chinh 1 tuyén duong tdi thiéu hoa nhién liéu gom
mot tap hop cac diém tir WPO dén WPg.

Khi van chuyén hang héa, s& c6 nhitng chuyén hanh trinh ma tau bi giéi
han béi thoi gian van chuyén hang hoa. Véi rang budc thoi gian duge xét dén
tai hang 4 ciia bang 3.1, néu tong thoi gian hanh trinh cua tau trén tuyén dudng
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t6i wru da tim duoc boi thuat toan dé xuat khong thoa man dicu kién thoi gian
hanh trinh t61 da (tmax).
Bang 3.1. M gid thugt toan | tim tuyén dwong toi thiéu héa nhién ligu

Input: A graph G =(V waypoints), the starting waypoint (WPO0) and the
arrival waypoint (WPg), tmax;
Output: The optimal fuel route (OFR) from WPO to WPg;
Initial:

open_list=(WPO0); closed_list= &;

g(WP0)=0; h(WPO0)=heuristic_cost(WP0,WPg);

f(WP0)=h(WP0)+g(WP0)= h(WPO);
1. While open_list = &
2. Find the waypoint with the least f(WPn) in the open_list;
3. If (WPn == WPg)

Return The-first-optimal-fuel-route:First-OFR ;
9
4, I gWPi)g <t,,)
i=0

5 OFR =First-OFR;
6. else
7. Find Second-optimal-fuel-route: Second-OFR;
8 OFR =Second-OFR;
9. Endif
10. else
11. remove WPn from open_list;
12. add WPn to closed_list;
13. Endif
14. For WPm e neighbors(WPn) do % m=p, g, or r
15. current_cost = g(WPn)+cost(WPn,WPm);
16. If (WPm e open_list & g(WPm) > current _cost)
17. remove WPm from open_list;
18. endif
19. If (WPm e closed_list & g(WPm) > current _cost)
20. remove WPm from closed_list;
21. endif
22. If (WPm ¢ open_list & WPm ¢ closed_list)
23. add WPm to open_list;
24, g(WPm) = current_cost;
25. h(WPm) =heuristic_cost(WPm,WPg);
26. f(WPm) = g(WPm) + h(WPm);
27. endif
28. endfor
29. endwhile
30. Return "Route can not be found";

Mot thuat toan con dugc dé xuat dé tim mot tuyén duong tdi thiéu nhién
liéu khac (khong tiet ki€ém nhién liéu nhu tuyén dudng dau tién da tim) sé
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duoc tinh toan dé dam béao thoa mén didu kién rang bugc dua ra, ma gia cla

thuat toan nay duoc thé hién nhu trong bang 3.2.

Bang 3.2. M gid thugt toan con tim tuyén duong toi thiéu hoa nhién liu khac thoa
man dieu kién rang bugc

Initial:
Current-TFC = +oo0; p = number of waypoints of First-OFR;
1. Fori=ltop
2. Remove waypoint WPi € G in First-OFR;
3. Run ALGORITHM I with graph G'=(V-WPj) to find OFR;
with: total fuel consumption = TFC;, total sailing time = t;;
4 If (ti < tmax and TFCi < Current-TFC)
5. Second-OFR = OFR;;
6. Current-TFC = TFC;;
7 endif
8 endfor

Trong khi d6, c6 nhitng chuyén hanh trinh ma khong yéu cau thoi gian
van chuyén hang hoa nhanh. Khi thuat toan I da d¢ xuat dugc tuyén duong
t6i thiéu hoa nhién liéu thoa man diéu kién rang budc tmax, neu téng thoi gian
hanh trinh yéu cau 16n hon tong thoi gian hanh trinh véi tbe d6 khoi tao 70
rpm trén tuyen duong t8i wu da tim duoc boi thuat toan I, thuat toan 11 duge
dé xuat dé tim mot tbe do dat cho may chinh phit hop nhim giup tau c6 thé
t6i diém dén dang gio va tiét kiém tdi da duge nhién lidu tiéu thu duge thé
hién nhu trong bang 3.3.

Khi khoi tao, toc do may chinh s& dwoc gan ni = 70 rpm. O budc thir nhat
cua thuat toan II, mé hinh du bao ANN s¢€ dugc sir dung dé du bao téng thoi
gian hanh trinh (t;) tng véi tuyén dudng téi thiéu hoa nhién liéu di duoc tim
ra va toc d6 may chinh (n) nhu sau:

t = Zg:time(\NPf) (3.3)

trong d6, time(WPf) 1a thoi gian hanh trinh tir WP(f-1) dén WPf duoc dy béo
béi mo hinh ANN da xay dung, WP(f-1) va WPf 1a nhitng waypoints k& nhau
trong tuyén dudng téi thiéu hoa nhién liéu da tim duoc bai thuat toan 1.

O budc tiép theo, thuat toan s& tinh toan gia tri At 1a hiéu cua thoi gian
yéu cau (t;) va thoi gian t; tng véi tdc do ni. Néu |At| < DB (gia tri deadband)
thi tdc do dé xuat ne=70 rpm. Nguoc lai, néu |At| > DB s& c6 hai truong hop
xay ra:

« Truong hop 1: Néu At > 0 thi c6 nghia 1 néu tau chay voi tbe do mic
dinh s€ du thoi gian so vdi tong thoi gian yéu cau thi thuat toan II s giam toc
do may chinh n; Xuong 0.1 rpm sau mdi budc lap. Gia tri toc d6 méi nay s&
dugc dua dén quay vé budc tht nhit dé mo hinh ANN s& dy béo thoi gian di
chuyén t; img v6i gia trj tdc do ni méi.
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« Trudng hop 2: Néu At < 0 thi néu tau chay voi tdc d6 mic dinh thi tau
s& khong dén duogc diém dich ding gio. Do vay, thuat toan II s& ting toc do
may chinh nj 1én 0.1 rpm sau mdi budc lap. Qua trinh sau d6 sé dién ra tuong
tu nhu trong trudng hop 1.
Ca hai trudng hop trén s& dugc 1ap lai cho dén khi nao |At| < DB thi toc
d6 may chinh d¢ xuét ns s& duoc gan bang n; tai thoi diém dé.
Bdng 3.3. Mé gid thudt toan tim téc dé may chinh phi hop (thudt toan 11)

Input: Optimal routes were found by Algorithm I; ni=nq (70 rpm);

Output: Suggested main engine (ME) speed

1 Using the ANN model to predict the sailing time ti for the optimal
route just found corresponding to the ME speed n;;

2 Calculate the At= tr — ti % tr is the required time

3 If IAtl > DB % DB is the deadband value

4, If At >0

5. ni=ni-0.1;

6 goto 1;

7 else

8 ni=nj+0.1;

9. goto 1

10. endif

11. else

12. Get the suggested speed: ns = nj;

13. endif

14, end

CHUONG 4. THU NGHIEM THUAT TOAN PE XUAT VA PANH
GIA KET QUA

Trong chuong nay, cac kich ban thir nghiém s& dugc xay dung. Ngoai ra,
chc thuat toan dé xuét trong chuong 3 s& dugc thir nghiém va kiém chimg sir
dung m6 hinh mé phéng HIL.
4.1. Xay dung cac kich ban thir nghi¢m va diéu kién rang bugc

Nhiam muc dich thir nghiém thuét toan d& xuét, cac kich ban thir nghiém
dugc xay dung v6i hai diém WP0 va WPg 12 hai vi tri trén bién Pong c6 toa
d6 nhu trén hinh 4.1. Trong d6, khoang cach giita 1a hai diém WP0 va WPg
la mot cung tron thudc cung vong 16n c6 do dai cung tron gitra chung la
20.953 km. Vi d6 dai cung tron nay rat nho so véi ban kinh trai dat (= 6371
km) nén db thi di chuyén dugc xay dung giita hai diém nay nhin s& gan nhu
1a mot lu6i phang. Do thi di chuyén do va cac gia thiét vé cac dicu kién thoi
tiét cho tirng khu vyc dugce thé hién nhu trong hinh 4.2.

Céc diéu kién thoi tiét trong khu vuc thtr nghiém duoc gia dinh cho ting
kich ban cy thé nhu dudi day:
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« Kich ban 1: Song va gi6 s& ¢6 ¢ nhitng khu vic ¢6 mau sic khac nhau.
Nhitng miii tén mau do, nét dut thé hién hudng cta song va gio. Toe do gid
va chiéu cao séng s& twong ung voi thang Beaufort (WMO) thé hién bang
nhitng mau sac khac nhau dugc dit bén phai.

* Kich ban 2: Ngoai song va gié nhu kich ban 1 thi con c6 thém sy anh
hudng ciia dong chay. Khu vuc ¢6 dong chay 1a khu vuc duge thé hién bang
hinh chit nhét, nét dot mau xanh. Cac miii tén mau xanh, nét dut thé hién
hudng cua dong chay. Tc do cia dong chay duoc gia thiét 1a 2 knots trong
ca khu vyc hinh chit nhat nay.

* Kich ban 3: Pay la kich ban tuwong ty nhu kich ban 2, tuy nhién c6 thém
nhitng khu vuc nguy hiém, c6 thé xay ra dam va. Cu thé, nhimg khu vuc d6
duogc gia dinh ndm & cac diém waypoint 53, 54, 62 va 63.

WPg
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WPO 2 3 4 Tm:X (NM)S 7 8 9
Hinh 4.1. Toa dé diém WPOvaWPg  Hinh 4.2. D6 th; di chuyén va cdc diéu
trong khu viec ther nghiém kién thi nghiém trong 3 kich ban

Trong ca 3 kich ban, tbc do dat cho may chinh duoc gia thiét 1a 70 rpm,
day l1a téc do khai thac phd bién nhét ctia tau The Prosperity.

Bén canh d6, thoi gian hanh trinh t8i da cho phép & ca ba kich ban duoc
lya chon 1a tmax = 3986 s. Gia tri thoi gian nay duogc chon dua trén nhitng gia
tri thoi gian hanh trinh tdi da véi van tde may chinh tuong tu cua tau thyc
trong ban tin bio co budi trua trong khoang thdi gian 02 nam, gia tri nay s&
la diéu kién rang bugc cua thuat toan I.

Dua trén céac kich ban dé xuit, 03 ma trn gf‘)m WE_DATA 1 (cho kich
ban 1), WE_DATA_23 (cho kich ban 2 va kich ban 3) dugc xay dung dé thé
hién hudng va toc d6 ciia cac nhidu moi truong khi tau di chuyén tir mot diém
WPi dén mot diém WPj trong dd thi di chuyén da dugc quy udc dé sir dung
1am dit liéu vao cho céc thuat toan dé xuat.

17



4.2. Thar nghiém céac thudt toan
4.2.1. Thir nghiém thudt toan |

Véi cac ma tran G1, G2, G3 va H di duoc tinh toan, két qua cho tung
kich ban khi chay thuét toan | dugc trinh bay nhu sau.

V6i kich ban 1 nhu hinh 4.3, thuat toan I dé xuat tuyén duong Route 1
qua cac diém: 1(WP0)-10-19-28-38-48-58-59-60-61-71-81(WPg) nhu trén
hinh 4.4. Bé kiém tra hiéu qua ctia thuat toan I trong truong hop nay, tau sé
dugc diéu khién di qua tuyén duong ngan nhat Route 2.

Ghichg: Hudng gio Hutng dong Ghichg: Hudng gio Hutng dong
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Hinh 4.3. Kich ban 1 Hinh 4.4. Thugt toan | goi y Route 1
Vi kich ban 2 nhu hinh 4.5, khi xét thém sy anh hudng cta dong chay,
thuat toan I goi ¥ tau nén di chuyén theo tuyén duong Route 3 qua cac diém:
1(WP0)-2-3-13-14-24-34-44-54-63-72-81(WPg) thé hién nhu trong hinh 4.6.
Tuong tu nhu trong kich ban 1, Route 4 (twong tu Route 2) va Route 5 (twong
tu nhu Route 1) s€ dugc sir dung dé kiém tra sy hiéu qua cua thuat toan I
trong trudng hop nay.
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Hinh 4.5. Kich ban 2 Hinh 4.6. Thudt todn I goi y Route 3
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Trong khi d6, & kich ban cudi cung, voi su xuAt hién cua cac vt can ¢ cac
diém waypoint: 53, 54, 62 va 63 nhu trén hinh 4.7, thuat toan I goi y cho tau
tuyén duong 1a Route 6 di qua cac diém: 1(WP0)-2-3-13-14-24-34-43-52-61-
71-81(WPg) nhu trén hinh 4.8 dé tranh nhiing nguy co c6 thé xay ra va cham.
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Hinh 4.7. Kich ban 3 Hinh 4.8. Thugt toan | goi y Route 6

4.2.2. Thir nghiém thudt toan 11

Sau trudng hop dé tim téc do phii hop cho 03 tuyén duong da dugc goi v
boi thuat toan I'la Route 1, Route 3 va Route 6 s€ dugc sir dung dé thur nghiém
thuat toan II. Vi mdi tuyén duong s€ dua ra 2 gia tri thoi gian yéu cau (tr)
tau phai t6i WPg khac nhau. Cu the mdi tuyén duong s& dua ra mot gi tri
cta tr nho hon thoi gian ty (ts 13 tong thoi gian ma mo hinh ANN dy béo tau
can dé c6 thé di chuyén tir WPO téi WPg véi n=70 rpm). Do d6, thuét toan IT
s& phai goi y cho tau mot te do > 70 rpm sao cho tau co thé téi WPg ding
gi0. Nguoc lai, mdt gia tri cua tr 1on hon tg s€ dugc dua ra cho ca 03 tuyén
dudng, thuat toan IT s& tinh toan va goi y cho tau mét tbe d6 may chinh nho
nhat ¢ thé sao cho tau vira tiét kiém nhién liéu ma van c6 thé t6i diém dén
dlng gio.

Bang 4.1. Thir nghiém thugt toan 11 véi 02 gid trj thoi gian yéu cau (t)

gt | Trusng Técdpna=70rpm | Thoigianyéu | Tocdd ns
hop tap (S) NL (kg) cau tr(s) (rpm)

1| 1(RY 3780.00 72.30

2 [ 2(Ry | 288650 | 80561 4200.00 64.40

3 3(R3) 3780.00 72.40

4 4 (R3) 3888.25 807.05 4200.00 64.50

5 | 5(R6) 3780.00 72.30

6 | 6(R6) | Soo>/5| 80741 4200.00 64.50

Két qua khi chay thuét toan II dugc thé hién nhu trong bang 4.1 khi thoi
glan yéu cautrong ca 3 tuyen duong déu dugc gia dinh vai 2 gla trj 1a ,=3780
S Va t=4200 s. Ta thiy rang, khi t;>ty, thuat toan II dua ra c4c toc do goi ¥
nho hon téc d6 70 rpm. Ngugc lai, khi t<tg, thuat toan II s€ goi y cac gia tri
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tdc do 16n hon 70 rpm cho mdi tuyén dudng dé tau c6 thé dén duge diém dich
dung gio.

4.3. Kiém chieng, ddnh gid thudt todn dé xuat

4.3.1. Kiém chitng, danh gid thudt toén |

Bang 4.2 va hinh 4.9 tong hop két qua nhién li¢u tiéu thu va thoi gian di
chuyén cho ca 6 tuyén dudng tir R1 dén R6.

Két qua chi tiét khi chay mé hinh mo phong HIL véi hanh trinh goi y dé
Xuét boi thuat toan I dugc trinh bay trong bang 4.2. V6i kich ban [, thuét toan
1 da goi y Route 1 1a tuyen dudng c6 tong lwong nhién li¢u tiéu thu nho nhat.
Trong truong hop nay néu di theo hanh trinh Route 1 thi tong luong nhién
lidu ti€u thu dugc du bao boi mé hinh ANN 1a 810.56 kg FO, thoi gian di
chuyén duy bao 12 3908.64 s.

Bang 4.2. Két qud téng hop Véi ca 6 tuyén dwong

NLTT (kg) TG (5)
Dy bdo | M6 hinh 3D | Sai so Dibdo | MO hinh3D | Saiso
R1 810.56 805.61 0.61% 3908.64 3886.50 0.57%
R2 830.67 812.35 2.26% 3567.33 3513.75 1.52%
R3 813.70 807.05 0.82% 3913.68 3888.25 0.65%
R4 855.48 840.77 1.75% 3664.79 3623.50 1.14%
R5 833.81 827.87 0.72% 4020.31 3993.75 0.67%
R6 816.36 807.41 1.11% 3912.86 3885.75 0.70%

Tong lugng nhién li€u tiéu thy khi chay mé hinh tau 1a 805.61 kg FO, sai
$6 0.61% so v&i gia tri m6 hinh ANN duy bao. Trong khi do, 3886.50 s 1a thoi
gian ma md hinh tau 3D mét dé di chuyén tir WP0 dén WPg theo quing duong
goi ¥ nay, sai s so vi gia tri dy bao ciia md hinh ANN 14 0.57%. Nhu vy,
ta thdy rang mé hinh dy bao ANN dé xuét cho két qua du béo kha tin cy véi
sai s6 nho.

Pé kiém chig hiéu qua ctia thuat toan I, quy dao diéu khién duogc cai dat
dé diéu khién mé hinh tau dong luc hoc di qua tuyén dudng ngén nhit Route
2. Két qua khi chay tuyén duong nay dugce tong hop trong bang 4.2. Khi tau
duoc diéu khién di qua hanh trinh nay, tong luwgng nhién ligu tiéu thu cia tau
1a 812.35 kg FO (sai s6 2.26 % véi gid tri du bao). Trong khi d6, tong thoi
gian hanh trinh cia m6 hinh tau 3D 1 3513.75 s (sai s6 1.52 % so véi gia tri
du béo).

Nhu vay, hi¢u qua cta thudt toan | trong kich ban nay khong cao khi tau
chi tiét kiém dugc 0.83 % nhién liéu khi n6 di qua Route 1 so v6i tuyén dudng
ngén nhat. Tau mét nhiéu thoi gian di chuyén hon nhung tau lai tiét kiém
dugc nhién liéu hon (tuy khong nhleu) va an toan hon khi khong phai di
chuyén qua viing thoi tiét c6 song rat 16n.

Vi truong hgp xét thém sy anh hudng cua dong chay trong kich ban 2,
thuat toan I ggi y hanh trinh Route 3. Téng luong nhién liu ti€u thy cua tau
khi chay mé hinh HIL v&i Route 3 1a 807.05 kg FO (sai s6 0.82 % so véi gia

Tuyén

20



tri du bao). Trong khi d6, 3888.25 s 1a thoi gian dé di chuyén tir WP0 dén
WP81 theo quing duong goi ¥ nay (sai sd so voi gia tri du bao 12 0.65 %).
Nhu vdy, ta thay rang ¢ kich ban nay, sai s giita gia tri du bao va dir liéu
chay md hinh 3D cling khé nho.

Dé kiém ching hiéu qua cua thuat toan I, tau duoc diéu khién di qua Route
4 va Route 5. Route 4 va Route 5 c6 toa do tuong tu nhu Route 2 va Route 1
nhung c6 thém sy anh hudng ciia dong chay.

Nhién liéu tiéu thy (kg)
840.77
840 § g g
] S S
830 S Bl 827.87 5
-} < b
= £ ]
o & &
820 D = =
=l 81235 o] &
7777777777777777777777 = =
810 805.61 807.05 + + 807.41
800 T
790
780
R1 R2 R3 R4 R5 R6
Thoi gian hanh trinh (s)
3993.75
4000.00 3886.50 3888.25 3885.75
3800.00 3623.50
3600.00 3513.75
3400.00 I I
3200.00
R1 R2 R3 R4 R5 R6

Hinh 4.9. Nhién li¢u tiéu thu va thoi gian di chuyén cia 06 tuyén hanh trinh

Khi di qua Route 4, tau tiéu thy 840.77 kg FO (sai s6 1.75 % so véi du
bao). Trong khi d6, thoi gian hanh trinh ctia tau 1a 3623.50 s (sai s6 1.14 %
so v6i dy bao). Trong khi d6, khi di qua Route 5 thi lugng nhién li¢u tiéu thy
clia tau 1a 827.87 kg FO (sai s6 0.72 % véi du bao), tong thoi gian di chuyén
ctia tau 13 3993.75 s (sai s6 0.67 % so vdi du bao).

Nhu vay, truong hop nay thi tau da tiét kiém duoc 4.01 % nhién liéu so
v6i Route 4 va 2.51 % so véi Route 5, hi¢u qua cua thuét toan I trong trudng
hop nay 14 rat rd rét.

Cac diéu kién thoi tiét trong kich ban 3 déu gidng nhu kich ban 2. Tuy
nhién, voi gid dinh cac diém waypoint WP53, WP54, WP62 va WP63 c6
chudng ngai vét va co nguy co xay ra va cham néu di vao. Véi truong hop
nay, thuat toan I da goi y cho tau tuyén duong Route 6.

Khi chay md hinh HIL diéu khién tau di qua Route 6 thi tong lwgng nhién
ligu tiéu thy 1a 807.41 kg FO, sai s6 1.11 % so voi gia tri mé hinh ANN du
béo. Trong khi d6, 3885.75 s 1a thoi gian ma tau mat dé di chuyén tir WPO
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dén WPg theo quing duong goi ¥ ndy, sai s6 so v6i gia tri du bao cia md
hinh ANN 1a 0.70 %. Nhu vay, twong tu nhu hai kich ban trudc, & kich ban
cubi ciing nay thi sai s6 giira gia tri dy bao va dir liéu chay mé hinh 3D ciing
khong 16n.

16000 f L 0]
— — — Hanh trinh Route 3 (goi ¥) ;!

Quy dao tau di chuyén thyc té véi Route 3
14000 H— — — Hanh trinh Route 4
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— — — Hanh trinh Route 5
Quy dao tau di chuyén thyc té véi Route 5
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Hinh 4.10. Quy dao dat va quy dao thiee khi tau di chuyén qua Route 3, 4, 5

Khi tau chay qua Route 6 s€ tiét kiém dugc 3.97 % nhién liéu so véi
truong hop né chay qua Route 4. Tuy nhién, n6 lai tiéu thy nhiéu nhién liéu
hon 0.04 % khi chay qua Route 3. Lugng nhién liéu nhi¢u hon nay kha nho
va hoan toan chép nhén dugc khi tau di qua mot hanh trinh an toan hon, tranh
dugc nhitng nguy co xay ra ddm va néu di vao khu vuc nguy hiém c6 thé xay
ra ddm va hay mdc can.

Hinh 4.10 minh hoa quy dao dat va quy dao thyc khi diéu khién mo hinh
tau di qua cac tuyén duong Route 3, 4, 5.

4.3.2. Kiém ching, danh gia thugt toan 11

Khi chay m6 hinh mé phéng HIL véi cac hanh trinh 1a R1, R3 va R6.
Trong mdi hanh trinh tau déu duoc kiém ching véi 2 tdc d6 may chinh goi ¥
(ns) boi thudt toan II, két qua thu dwoc duoc thé hién nhu trong bang 4.3 va
hinh 4.11.

Vi cac toe o goi ¥ khac nhau cho méay chinh, thdi gian hanh trinh cta
tau khi chay mo hinh mé phong HIL c6 sai sb rat nho so voi thoi gian hanh
trinh yéu cau. Cu thé, sai s6 nho nhét 1a 0.38% vai truong hop 6. Nguoc lai,
sai s6 16n nhat chi 13 0.51% véi truong hop 1.

Trong khi d6, néu thoi gian yéu cau 16n hon so v&i thoi gian ma tau dwoc
dy béo di voi toe do méc dinh 70 rpm thi tau ¢6 thé tiét kiém dugc nhién ligu
1én den 11.41 % (truong hop 2 so v6i truong hop 1) va van téi diém dén ding
yéu cau v6i sai s6 chi 13 0.49 %. Tuy rang, thdi gian hanh trinh cua tau trong
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truong hop ndy tang 1€n 7.92 % so voi khi chay cung tuyén duong R1 voi van
toc 70 rpm thé hién trong hinh 4.11.
Bang 4.3. Kiém chizng thugt toan 11 véi 02 gid tri ciia thoi gian yéu cdu (tr) cho méi

tuyen
Véing=70 rpm ¢ N Véi ng (rpm) Sai s6
TH NL g s NLTT TG

tap (S S rpm tp (S
1(R1) 3780 | 72.30 | 3760.75 | 844.93 0.51%
2 (R1) 3886.50 805.61 4200 | 64.40 | 4220.75 | 713.69 0.49%
3(R3) 3780 | 72.40 | 3762.75 | 849.61 0.46%
4 (R3) 3888.25 807.05 4200 64.50 | 4218.25 717.11 0.43%
5 (R6) 3780 | 72.30 | 3763.25 | 848.02 0.44%
6 (R6) 3885.75 807.41 4200 | 6450 | 4216.00 | 717.89 0.38%

Thudt toan nay s€ rat c6 ¥ nghia trong nhiing truong hop ma thoi gian
hanh trinh cho phép 16n. Trong truong hop do, thut toan II s€ tim dugc tbe
d6 nho nhat 6 thé dé co thé giup cho tau vira tlet kiém dugc nhién ligu tiéu
thu ma van t6i duoc diém dich theo dung yéu cau.

| Nhién liéu tiéu thy (kg) |
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800 T """"" I T I T
| o | o
° ' B . N
780 2 i g i 2
o i b | g
760 = i £ i £
= i b i =
< = 3
740 Z | = i £
720 | s - = y - = |
700 ! !
! !
680 ! !
! !
660 | i
Thoi gian hanh trinh (s)
422075 | 421825 4216.00
400 T T i |
4100 e i < i 8
& ! £ ! £
4000 2 ! 5 ! 2
= iC =
= | = | =
3900 3886.59mim | 3888.275""}"” | 3885.75"}"”
I I
3800 ! !
I I
3700 ! !
! I
I I
3600
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Hinh 4.11. So sanh luong nhién liéu tiét kiém hon nhung thoi gian tiéu
ton hon khi tau hoat dong o toc do thap hon 70 rpm khi t:>1y
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KET LUAN VA KIEN NGHI

Két luin:

Ludn 4n da trinh by mt phuong phép dé tim tuyén duong t6i thiéu hoa
nhién li¢u ti€u thu cho tau thuy nham nang cao hiéu qua sur dung nhién li¢u,
mang lai hiéu qua kinh té khi khai thac va giam 6 nhiém méi truong. Cu thé,
luén 4n da dat duoc mot sé két qua chinh nhu dudi day:

Trudc tién, ludn an da xay dung dugc mdt moé hinh dong lyc hoc tau
trong moi trudng 3D dya trén mo hinh toan 6 bac tu do co xét dén ca
mo hinh toan ctia co cdu chip hanh va cac nhidu méi truong ma hiu
hét cac nghién ctru trude day déu bo qua.

Bén canh d6, mdt mod hinh tinh toan nhién li€u tiéu thu &p dung cho
cac tau chd hang ciing dugc xay dung su dung phuong phap noi suy
va cac cong thirc ban kinh nghiém lam viéc tin cdy véi sai s6 thap.
Dua vao hai mé hinh trén va mot bo didu khién quy dao, mot md hinh
md phong ting dung phuong phap HIL ciing duoc xay dung dé tao ra
mot bd dir liéu va thir nghiém cac thuat toan. B dir liéu dugc tao ra
bang mé hinh mé phong HIL duoc st dung dé huin luyén cho mét mo
hinh mang no-ron trong cac thudt toan dé xuat.

Vi céc co s& trén, hai thuat toan da duge dé xut gém thuat toan I dé
tim tuyén duong nhim t4i thiéu hoa nhién lidu tiéu thu co rang budc
vé thoi gian hanh trinh tdi da. Bén canh do, thuét toan 11 cling duoc dé
xuit dé dé tim téc d6 may chinh phu hop trén cac tuyén duong tbi
thiéu hoa nhién liéu da tim duoc dé giup tau vira dat dugc muc tiéu doé
1a tiét kiém nhién liéu nhat c6 thé va van c6 thé t6i diém dén dung gio.
Két qua khi thtr nghiém thuat toan I cho théy thuét toan hoat dong hi¢u
qué khi mang tiét kiém 1én dén 4.01 % trong kich ban 2. Trong khi do,
thuat toan II c6 thé tiét kiém nhién liéu 1én t6i 11.41 % khi thoi gian
hanh trinh cho phép 16n hon 7.92% trong trudng hop 2.

Kién nghi:

Luén an da str dyng mo hinh mé phong HIL dé tao ra bo dit lidu nghién
ctru. Tuy nhién, dé giéi han pham vi nghién ctru thi mot sb thong sé
d3 duoc gia thiét khong d6i nhu cac thong sb mén nude va tai trong
tau. Ngoai ra, khu vuc thtr nghiém céac thuat toan cling chua 16n khi
moi gia dinh diém khoi dau va diém dén cach nhau ~ 21 km.

Hudng nghién ciru tiép theo ctia luan an 1a thir nghiém thuat toan dé
xuét dudi tau thuc The Prosperity dé so sanh va danh gia hiéu qua cta
thuat toan so véi cac phuong phap dinh tuyén hién hanh ciia tau.

Bén canh d6, ludn 4n s& phat trién mot cong cu dua trén giao dién lap
trinh mg dung (API) dé dua dir lidu tir cac trang web du béo thoi tlet
vao phin mém Matlab dé phat trién thanh mot hé thong dinh tuyén
hanh trinh c6 thé hoat dong online.
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