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TOM TAT
Bén canh viéc chu trong, dinh huéng phat trién kinh té bién, dua Viét Nam
trd thanh Qudc gia manh vé bién, giau tir bién thi vin dé phong ngira 6 nhiém moi
truong tir tau, phong ngira 6 nhiém khong khi, sir dung tiét kiém, hiéu qua ning
luong trén tau bién va giam luong khi thai tir tau ludn ludn dugc Pang, Nha nudc
va Chinh phu Viét Nam dac biét quan tam.
Dé tai luan an “Nghién ciru xdy dung thudt todn ngau nhién tinh todn tuyén

I'e

duwong va ké hoach chay tau téi wu trén co s¢ dnh huwong ciia cdc yéu té thoi tiét”
mang tinh thoi sy, cap thiét va thuc tién cao.

Thong qua viée thyc hién dé tai luan an, NCS nghién ctru va dé xuat giai phap
nham tang hiéu qua sir dung nang luong, giam phat thai nha kinh tir tau bién gop
phan bao vé moi truong bién mot cach hiéu qua, tiét kiém chi phi, dé dang ap
dung d6 1a: Tinh toan tuyén dudng va ké hoach chay tau t6i uvu. NCS thiét 1ap
tuyén duong chay tau tdi wu va dua ra phuong 4n van hanh tau hop 1y trén timg
doan cua tuyén tdi wu da duoc thiét lap.

Trong dé tai luan an, NCS tién hanh:

- Tong hop thong tin thoi tiét bao gdm song, gié va dong chay phuc vu tinh
toan tuyén duong va ké hoach chay tau t6i vu (Khai thac ban tin song toan cau,
ban tin gié toan cau cta Rish va dong chay cua Oscar);

- Ung dung phuong phép binh phuwong nhé nhat x4c dinh dic tinh thay doi toc
d6 va tiéu thu nhién liéu cta tau bién trong timg diéu kién hanh hai cu thé phuc
vu tinh toan tuyén duong va ké hoach chay tau ti wu;

- Nghién ctru xdy dung va ung dung thuat toan BFO cai tién dé tinh toan
tuyén duong va ké hoach chay tau t6i wu nhién liéu dua trén nguyén tac “Tdau dén
cang kip luc” (Just in time).

Tiur khoa: Tuyén duong tdi wu, ké hoach chay tau tdi wu; Ban tin song, gio

cua RISH; Ban tin dong chdy OSCAR; Thuat toan BFO; Just in Time.
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ABSTRACT

In addition to emphasizing the development and economic orientation
towards the marine economy, making Vietnam a strong country in the sea, rich
from the sea, the prevention of environmental pollution from ships, air pollution
prevention, using economically and efficiently energy on ships, along with
reducing emissions from vessels, are always a matter of special concern for the
Communist Party, the State, and the Government of Vietnam.

The doctoral dissertation topic "Research on building a random algorithm for
the optimal route calculation and optimal ship operation plan based on the
influence of weather factors" is topical, urgent and highly practical.

Through the implementation of the dissertation, the author researches and
proposes solutions to increase the efficiency of energy use, reduce greenhouse gas
emissions from ships, effectively contribute to marine environmental protection,
save costs, and facilitate practical application. The proposed solutions include
calculating optimal routes and rationally operating vessel on each specific route
segments.

In this doctoral dissertation, the author conducts the following tasks:

- Synthesizing weather information including waves, winds and currents to
serve the calculation of optimal routes and optimal ship operation plans (utilizing
global wave and wind forecasts from Rish and current data from Oscar);

- Applying the least squares method to determine the characteristics of
changes in speed and fuel consumption of ships under specific weather condition,
serving the calculation of optimal route and ship operation plan;

- Researching, developing, and applying an improved BFO algorithm to
calculate optimal routes and ship operation plans based on the Just-in-Time
principle - ensuring ships arrive at the port on time.

Keywords: Optimal route, optimal ship operation plan, RISH wave and wind
bulletin, OSCAR current bulletin, Bacterial foraging optimization algorithm, Just

in Time.
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o ‘ MO DAU
1. Tinh cap thiét cia de tai ludn an

DPang Cong san Viét Nam di ban hanh 02 Nghi quyét Trung wong vé chién
lugce bién la:

- Nghi quyét s6 09 - NQ/TU’, ngay 09/02/2007 vé chién lugc bién Viét Nam
dén nam 2020 [1];

- Nghi quyét s6 36 - NQ/TU, ngay 22/10/2018 vé chién lugc phat trién bén
virng kinh té bién Viét Nam dén nam 2030, tAm nhin dén 2045 nham dua Viét
Nam tr¢ thanh Quéc gia manh vé bién, giau tir bién [2].

bac biét, ngay 19/03/2015, Viét Nam chinh thirc tham gia déy du cac Phu
luc ciia Cong wdc qudc té phong ngira 6 nhiém tir tau bién - MARPOL 73/78 [69]
(International Convention for the Prevention of Pollution from Ships, 1973, as
modified by the Protocol of 1978 thereto). Cong udc nay 1a mot trong nhitng Cong
udc chu chdt vé bao vé moi trudng bién. Cong wdc dua ra nhiing quy dinh nham
phong ngira 6 nhiém tir hoat dong cua tau bién bao gdm ngin ngira 6 nhiém dau,
hang nguy hiém, doc hai, ciing nhu do nudc thai, réc thai va khi thai tir tau bién.

Trong bdi canh Viét Nam 1a thanh vién chinh thic dﬁy du 6 Phu luc cua
Cong uéc MARPOL 73/78, Bo Giao thong vén tai 3 dua vao thir nghiém va trién
khai cac chuong trinh gido duc nang cao nhan thirc vé phong ngira 6 nhiém bién
tur tau, phong ngtra 6 nhiém khong khi, st dung tiét kiém, hiéu qua nang lugng
trén tau bién va giam luong khi thai tir tau. B6 Giao thong van tai dua ra cac
khuyén cao va ban hanh cac quy dinh bat budc thuc hién v6i muc dich nang cao
hiéu qua st dung ning luong trén tau bién, cu thé:

- Théng tu sb 40/2018/TT — BGTVT, ngdy 29/6/2018 “Quy dinh vé thu
thap va bao céo tiéu thu nhién li¢u cua tau bién Viét Nam” [4];

- QCVN 26/2018/BGTVT “Quy chuan k¥ thuat qudc gia vé cac hé thong
ngin nglra 6 nhiém bién ctia tau” va Thong tu sé 09/2019/TT — BGTVT, ngay
01/3/2019 “Ban hanh quy chuan k¥ thuat qudc gia vé cac hé théng ngin ngira 6

nhidm bién caa tau” [5].
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Nhu vay, cting v6i viée chi trong, dinh hudng phat trién kinh té bién, cac
van dé méi truong phat sinh trong thuc tién hoat dong cua nganh Hang hai (cac
tai nan tran dau, cac vin dé 6 nhiém mai ndy sinh, ...) luén luén dugc Pang, Nha
nudc va Chinh phu Viét Nam dac biét quan tam.

Dé giai quyét cac van dé vé phong ngira 6 nhiém bién tir tau, phong ngira 6
nhiém khong khi, str dung tiét kiém, hiéu qua ning luong trén tau bién va giam
luong khi thai tir tau cho dén nay dé c6 rat nhiéu giai phap dugc nghién ctru va ap
dung nhu:

- Nhom giai phap vé thiét ké tau: Tang tai trong, toi uu hoa thiét ké than
tau, tdi vu hoa hinh dang khi dong hoc, tdi wu hoa dong theo, str dung nang lugng
gi6, st dung nang lugng mat troi, st dung nang luong hat nhan, ...;

- Nhom giai phap vé cai tién cong nghé:

+ Thay doi thiét ké va cong nghé may nhim muc dich ting hiéu qua, giam
khi thai doc hai;

+ Thay d6i chat liéu son phu v tau dé giam sirc can;

+ Tdi wru hoa thiét ké hé thong chan vit, banh 1ai;

+ Thu hdi nhiét thai hiéu qua.

- Nhom giai phap vé khai thac tau: Giam téc do tau nham giam tiéu thu
nhién liéu va giam phat thai Co,, xay dung tuyén dudng hang hai t6i wu, mon
nudce toi wu, do chui tdi wu, vé sinh than vo tau dé gidm stc can, ...

- Nhém giai phap vé nhién liéu: St dung nhiéu loai nhién liéu méi, than
thién véi1 moi truong, ...

Mot trong nhitng giai phap dugc xem 14 hiéu qua, tiét kiém chi phi, d& dang
ap dung 1a: Tinh toan tuyén dudng va ké hoach chay tau toi wu (thiét lap tuyén
duong chay tau toi wu va viéc van hanh tau mot cach hop li trén timg doan tuyén
cu thé da duoc xay dung).

Thuc té cho théy t8i wu hoa ké hoach chay tau thong qua viéc van hanh cac
hé théng hd trg hang hai tinh toan tuyén duong khi twong ngay cang tré nén pho

bién trén thé gidi. Mot s6 hé thong duoc st dung rong rai nhu: Hé thong Chart
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Co, Hé thng t6i vu hoa hoat dong tau (SPOS — Ship Performance Optimization
System), AMI Seaware Routing, Sea Planner, phan mém thoi tiét Interactive
weather ctua Clearpoint, ...

Tuy nhién, cac hé thong hd tro hang hai nay chua pho bién, chua duogc sir
dung rong rii cho d6i tau bién Viét Nam boi cac nguyén nhan chil yéu nhu sau:

- Chi phi cao;

- La phan mém thuong mai thuyén vién khong biét duoc thuat toan ciing
nhu cac dit liéu thoi tiét ma nha cung cp st dung (thuyén vién kho nam bat va
lam chu);

- Viéc tiép can gip nhiéu kho khan do rao can ngodn ngit;

- Thiéu hudng dan khai thac do thiéu thong tin vé dic diém khai thac tau.

Ngoai ra:

- Bao céo tinh hinh sir dung nhién liéu d3 tré thanh bat budc (Bo Giao thong
van tai da dua ra nhidu khuyén cdo va quy dinh bét budc phai thuc thi);

- Yéu cau vé kiém soat CO, ngay mot gat gao;

- Poi ngii thuyén vién Viét Nam & cac cong ty Van tai bién da nhan thirc
duoc yéu cau nhung chua c6 cong cu hd tro.

Thém vao do, ngay cac két qua dua ra tir cac dich vu tu van tuyén duong
chay tau con chua thuc sy dang tin cdy va chuan xac do:

- Chua tinh toan duoc day du, chi tiét dic diém diéu dong cia tau va anh
huong cua cac yéu té thoi tiét dén tau;

- Hau hét chua tinh toan t6i van dé hiéu qua nhién liéu khi tau thay d6i ché
do may;

- Chua tinh toan t&i nguy co c6 thé gip phai, vi du nhu: nguy co dén muén,
gip vung thoi tiét xdu, v.v ... khi cac yéu t6 dau vao thay doi.

Chinh vi vay, Dé tai luan an tién si “Nghién civu xdy dwng thudt todn ngiu
nhién tinh todn tuyén dwong va ké hoach chay tau téi wu trén co sé anh huwéng

ciia cdc yéu t6 thoi tiét” nham tang hiéu qua s dung nang luong va giam phat

20



thai khi nha kinh tir tau bién mang tinh thoi sy, cap thiét va thuc tién rat cao, dap
g duoc cac yéu cau vé quan Iy Nha nudc chuyén nganh hang hai.
2. Muc dich nghién ctru ciia dé tai luin an

Muc dich nghién ctru ctia dé tai luan an 13 nghién ctru, xdy dung va Gng
dung thuat toan ngiu nhién d¢é tinh toan tuyén dudng va ké hoach chay tau tdi uu
nhién liéu dya trén nguyén tic just in time “tdu dén cang kip lic” nham ning cao
hiéu qua sir dung niang luong, giam phat thai khi nha kinh tir tau bién gop phan
bao vé moi truong bién mot cach hicu qua.

3. N6i dung nghién ciru cia deé tai luan an

THUAT
TOAN
Thong tin thoi tiét NGAU

NHIEN

TOAN

Pic tinh thay di téc d6 tau bién Tuyén duong chay tau toi wu

TUYEN

DUGNG
VAKE
Dic tinh tiéu thu nhién lidu tau bién »| HOACH R Vigc van hanh tau trén tuyén

CHAY

TAU

Ham muc tidu téi wru nhién lidu | TOoruu
NHIEN

LIEU

Hinh 1.1 So d6 khdi md ta ndi dung nghién ctru ciia dé tai luan an

No6i dung nghién ctru ctia dé tai luan an dugc mo ta trong hinh 1.1, trong
qué trinh thyc hién d8 tai luan an, NCS tién hanh:

- Tong hop thong tin thoi tiét phuc vu tinh toan tuyén dudng va ké hoach

chay tau tdi wu, cu thé:
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+ Khai thac ban tin song toan cau, ban tin gié toan cau tir co s dit liéu cua
Vién nghién ctru phat trién bén virng khi quyén nhan loai thudc Pai hoc Kyoto,
Nhat Ban, goi tit 1a Rish (Research Institute for Sustainable Humanoshere);

+ Khai thic dir liéu dong chay cua Du an nghién ctru, phan tich dong chay
dai duong theo thoi gian thuc, goi tat 1a Oscar (Ocean Surface Current Analysis
Real - Time) thudc phong thi nghiém strc day phan luc (Jet Propulsion Laboratory
Physical Oceanography), Vién Cong nghé California (Vién quan ly cac du an cua
co quan hang khong vii tru M¥).

- Ung dung phuong phéap binh phuong nhé nhat xac dinh dic tinh thay doi
tdc do tau bién, dic tinh tiéu thu nhién lidu tau bién trong timg diéu kién hanh hai
cu thé (diéu kién song, gid, dong chay, ché do may (hay sd vong quay chén vit)
(rpm), mén nudc tau (draft), hiéu sé mén nude tau (trim)) phuc vu tinh toan tuyén
duong va ké hoach chay tau tbi vu;

- Xay dung ham muc tiéu t6i vu nhién liéu dya trén nguyén tic just in time
“tau dén cang kip luc”;

- Nghién ctru, xay dung thuat toan vi khuan cai tién tinh toan tuyén duong
va ké hoach chay tau t6i vu nhién liéu dua trén nguyén tic just in time “tau dén
cang kip lac”.

4. P6i twong va pham vi nghién ciru ciia dé tai luin an
4.1. P6i twong nghién ciru cia dé tai luin 4n

D6i tuong nghién ciru cia dé tai ludn an la:

- Nghién ctru thong tin thoi tiét (song, gio, dong chay);

- Nghién ctru ddc tinh thay d6i téc do tau bién trong timg diéu kién hanh
hdi cu thé;

- Nghién ctru dic tinh tiéu thu nhién liéu cta tau bién trong timg diéu kién
hanh hai cu thé;

- Nghién ctru ham muc tiéu tdi uu nhién lidu dua trén nguyén tic just in
time “tau dén cang kip luc”;

- Nghién ctru thuit toan ngau nhién.
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4.2. Pham vi nghién ciru ciia dé tai luin an

Pham vi nghién ctru cua dé tai:

- V& thong tin thoi tiét, NCS tap trung nghién ctru:

+ Ban tin song toan cﬁu, ban tin gio toan cau cua Rish [12, 16, 74] va;

+ Ban tin dong chay cua Oscar [12, 16, 47, 48, 75];

- V& dic tinh tau bién, NCS tap trung nghién ctru:

+ Pic tinh thay d6i téc d6 tau bién trong timg diéu kién hanh hai cy thé
[17];

+ Dic tinh tiéu thy nhién liéu tau bién trong timg diéu kién hanh hai cu thé
[17];

+ Ung dung phuong phap binh phwong nhé nhit xac dinh dic tinh thay doi
téc do tau bién, dac tinh tiéu thu nhién lidu tau bién trong timg diéu kién hanh hai
cu thé [17].

- V& ham muc tiéu:

Xay dyng ham muc tiéu tdi wu nhién liéu dua trén nguyén tic just in time
“tau dén cang kip luc”.

- Vé thuat toan ngiu nhién, NCS nghién ctru, xay dung thuit toan vi khuan
cai tién dé tinh toan tuyén dudng chay tau t6i uu nhién liéu dva trén nguyén tic
just in time "tau dén cang kip luc" (Goi tat 1a tuyén duong téi wu just in time -
JIT).

5. Phwong phap nghién ciru ciia dé tai luin 4n

- Phuong phap Chuyén gia: Xac dinh cac yéu té can thiét, xdy dyng ham
muc tiéu cho bai toan tinh toan tuyén dudng chay tau tdi vu nhién lidu;

- Phwong phap tong hop: Tong hop cac thong tin an toan Hang hai va thong
tin thoi tiét tir nhiéu ngudn khac nhau;

- Phuong phap phan tich: Phan tich danh gid d¢ chinh xéac cua cac ban tin
téng hop duoc;

- Phuong phap mo phong: Pé viéc danh gia dat hiéu qua cao, NCS xay

dung cac m6 hinh mo6 phong chay thur trén may tinh.
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6. Y nghia khoa hoc va thue tién ciia dé tai luin an

Trong khai théc tau, viéc tiét kiém nhién liéu va an toan 14 hai yéu t ludn
song hanh v&i nhau. Pé dat duoc hiéu qua khai thac tdi uwu, su can d6i gilta tiét
kiém va an toan 1a bai toan dit ra cho Thuyén trudng va cac Sy quan Hang hai vé
khia canh dan tau giita cic cang trén toan thé gidi.

Ngay nay, v6i sy hd tro ctia khoa hoc cong nghé, thong tin truyén thong,
thiét bi lién lac, ciing nhu co s& dit liéu phuc vu dan tau ludn sin c6 va gitp ich
rat nhidu cho Thuyén truong va cac S§ quan trong viéc hanh hai, dong thoi hd tro
rat hitu hiéu cho cong tac quan Iy hoat dong tau. Tuy nhién, vé phuong phép va
cong cu hitu ich cu thé 13 dua ra tuyén dudng va ké hoach chay tau ti uu con
chua dugc nghién clru nhiéu, dic biét 1a phuc vu cho do1 ngli Sy quan, thuyén
vién Viét Nam.

Dé tai ludn an “Nghién ctru xdy dung thuat todn ngau nhién tinh toan tuyén
duong va ké hoach chay tau t6i wu trén co s& anh hudng cua cac yéu to thoi tiét”
da dap ung duoc yéu cau thyc tién. Van dé nghién ciru duoc dit ra mang tinh khoa
hoc va c6 kha nang ting dung cao cho céc tau, dac biét 1a cac tau chay tuyén quéc
té, quing dudng chay tau dai va di qua nhiéu khu vuc c6 thoi tiét bién va diéu
kién hai duong thay d6i, dién bién phuc tap.

6.1. Y nghia khoa hoc

- Pé tai luan 4n 14 ngudn tai liéu tham khao hiru ich cho tat ca cac ban doc
gia quan tam;

- San pham nghién ctru cua dé tai luan an giai quyét duoc mot s6 han ché
ctia cac phuong phap tinh toan tuyén dudng t6i wu nhién liéu khac hién dang dugc
ung dung.

6.2. Y nghia thwe tién cia dé tai

San pham nghién ciru ciia dé tai luan an 1a mot giai phap hiru hiéu gop phan
nang cao hiéu qua st dung niang luong va giam phat thai khi nha kinh tir tau bién,
dic biét trong bdi canh cac yéu cau ngay cang khat khe ciia IMO vé viéc giam

phat thai khi nha kinh tir tau bién d3 va dang duoc trién khai bat budc.
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Ngoai ra, san pham nghién ctru ctia dé tai luan an khi duoc tham dinh va
phé duyét co thé st dung khong nhitng cho céc doi tau bién Viét Nam, cho céc
cong ty quan ly, khai thac tau, ma con cho cdc Cang vu hang hai trong quan ly
giao thong hang hai (VTS).

7. Pong gép méi cia dé tai ludn an

Thuc tién Hang hai hién nay cho théy, van dé ti vu hoa ké hoach chay tau
bang cach tmg dung hé théng H trg hang hai (tinh toan tuyén dudng hang hai
khi tuong) dang ngay mot tré nén phd bién trén thé giéi. Hién nay, c6 rat nhiéu
hé théng HO tro hang hai duoc thuyén vién Viét Nam tng dung nhu: Hé thong
SOPS, hé thdng Met-Manager, Voyage Planner, ...Tuy nhién, diém chung cta
thuyén vién Viét Nam khi ing dung cac hé thong HJ tro hang hai nay 1a chua
thuc sy lam chu dugc tng dung ho tro vi nhiéu nguyén nhan nhu rao can ngoén
ngit, chua ndm chéc cac théng tin, chura hiéu diing ban chat va thuat toan tinh toan,
cling nhu cong nghé ap dung.

Chinh vi vdy khi cic san pham nghién ctru cua dé tai luan an duoc tng
dung sé& gitip cho doi ngil thuyén vién Viét Nam tu tin, hiéu va lam chu duoc tng
dung hd tro hang hai d& dang hon vé&i "san pham made in Viét Nam", cu thé nhu
sau:

- Lam chil duoc ban tin séng toan cau, ban tin gié toan cau duoc ma hoa
theo dinh dang Grib 2 tir co s& dit liéu ctia Vién nghién ctru phat trién bén viing
khi quyén nhén loai thudc Pai hoc Kyoto, Nhat Ban (Rish — Research Institute for
Sustainable Humanoshere);

- Lam chu dugc dir li¢u dong chay toan cau duoc ma hoa theo dinh dang
netCDF (Format Network Common Data Form) ttr co s& da li¢u cia Du an nghién
ctru, phan tich dong chay dai duong theo thoi gian thuc (Oscar — Ocean Surface
Current Analysis Real Time) thudc phong thi nghiém sitc ddy phan luc (Jet
Propulsion Laboratory Physical Oceanography), Vién cong ngh¢ California (Vién

quan ly cac du an cua co quan hang khong vii tru My);
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Trén co s& d6 tao duoc cac file dit liéu thoi tiét tong hop phuc vu tinh toan
tuyén dudng va ké hoach chay tau t6i wu nhién liéu.

- Ung dung phuong phap binh phuong nhé nhit xay dung duoc bd co s6
dir liéu dac tinh thay doi tbe d6 tau bién, dic tinh tiéu thu nhién liéu tau bién trong
ting diéu kién hanh hai cy thé phuc vu tinh toan tuyén dudng va ké hoach chay
tau toi vu;

- Xay dyng thuét toan vi khuan cai tién tinh toan tuyén dudng va ké hoach
chay tau toi uu nhién liéu dua trén nguyén tic just in time “tau dén cang kip lic”.
8. Két cAu ciia dé tai ludn an

Dé tai ludn 4n duoc trinh bay rd rang, mach lac va logic vé6i két cau gdm:

Phan tom tat

Phan m¢ dau:

. Tinh cip thiét cua d¢é tai luan an;
. Muc dich nghién ctru ctia dé tai luén an;
. Noi dung nghién ctru cua dé tai luan an;

. D061 tugng va pham vi nghién ctru cua dé tai ludn an;

1
2
3
4
5. Phuong phéap nghién ctru ctia dé tai luan an;
6. Y nghia khoa hoc va thuc tién cua dé tai luén an;
7. Déng gop méi cua dé tai luan an;
8. Két cdu clia d¢ tai luan éan.

Phan ndi dung: Gom 4 chuong

Chuong 1. Téng quan vé van dé nghién ctru ctia dé tai luan an;

Chuong 2. Tong hop thong tin thoi tiét phuc vu tinh toan tuyén dudng va
ké hoach chay tau tbi vu;

Chuong 3. Tong hop, phan tich dic tinh thay d6i toc do va dic tinh tiéu thu
nhién li€u cua tau bién trong tirng diéu kién hanh hai cu thé phuc vu tinh toan

tuyén duong va ké hoach chay tau ti wu;
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Chuong 4. Nghién ctru, xdy dung thuit toan vi khuan cai tién dé tinh toan
tuyén duong va ké hoach chay tau tdi wu nhién liéu dya trén nguyén tac just in
time "tau dén cang kip luc".

Phan két luan:

1. Két luan

2. Kién nghi

Danh muc céc cong trinh khoa hoc da dugc cong bo lién quan dén dé tai
luan an;

Danh muc tai liéu tham khao; va

Phu luc
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CHUONG 1. TONG QUAN VE VAN DE NGHIEN CUU CUA DE TAI
LUAN AN
1.1. Tinh hinh nghién ciru lién quan dén dé tai luin 4n

Trong phan nay, NCS tim hiéu va tong hop mot s tai lidu, cong trinh
nghién ciru khoa hoc trong va ngoai nude lién quan dén cha dé cua dé tai luan 4an
da duoc cong bd gan day.

1.1.1. Cac giai phap nang cao hi¢u qua sir dung niang luwgng va giam phat thai
khi nha kinh tir tau bién [19]

NCS tim hiéu va théng ké duoc hién tai, c6 nhiéu giai phap di va dang
duogc ap dung dé nang cao hiéu qua sir dung ning luong va giam phat thai khi nha
kinh tir tau bién, mdi giai phap déu c6 uu, nhuoc diém riéng.
1.1.1.1. Nhém giai phap thiét ké tau

- Muc dich tang hiéu qua van chuyén cua tau bang viéc toi uu hoa thiét ké
than vo dé gidm lyc can tau, gidm trong luong tau khong, tang tai trong, ...

- Thye té thudng sir dung cac giai phap sau:

+ Tang tai trong: Tai trong ciia tau c6 thé duoc ting 1én nho thay doi két
cau hoic st dung cac vat liéu nhe hon 1am giam trong luong tau khong. Dbi véi
giai phap nay can dic biét chi ¥ t6i viéc dam béao stic bén tau;

+ T6i uu héa thiét ké than tau: Lyuc can than tau chiém toi 70% tiéu hao
cong suat may do dé cai tién thiét ké than tau dem lai hiéu qua rat 1on;

+ T6i wu hoa hinh dang khi dong hoc: Ap dung cac cong nghé thiét ké thich
hop cho phan cau tric thuong ting, hodc lap dat thém cac cdu trac dé thay ddi
hudng dong khi, luc can, ... tor do tang hi¢u qua nang lugng, gidm phat thai khi
nha kinh tir tau;

+ T6i wu hoa dong theo: Tang hiéu qua lam viéc cua chén vit, giam tiéu thu
nhién liéu va cac hiéu ing khéng mong mudn nhu: dn mon, rung, tiéng on;

+ Nang cao hi¢u qua lam viéc cta chan vit;

+ Ning luong gi6: Pau tu nghién ctru va lap dat cac hé thong dong luc ding

ning luong gidé nhu budm, diéu hing gi6 cho tau;
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+ Ning lugng mat troi: Nghién ciru dau tu 1ap dit hé théng nang luong mit
troi (Pin mat troi) cho tau bién;

+ Ning lugng hat nhan: Str dung ning luong hat nhan trén tau bién sé loai
trr dugc viéc phat thai khi nha kinh tur tau bién, tuy nhién can dic biét chu v to1
van dé an toan va xir 1y chét thai hat nhan.

- Uu, nhuoc diém ctia nhom giai phap thiét ké tau:

+ Uu diém: Hiéu qua mang lai rat 1on;

+ Nhugc diém: Can nhiéu thoi gian, chi phi rat cao va chi 4p dung dugc
trong giai doan thiét ké tau.
1.1.1.2. Nhém giai phap vé cong nghé may

- Cac nha san xuit mdy tau bién di dua ra nhiéu giai phap thay doi thiét ké
va cong nghé may nham muc dich ting hiéu qua, giam phat thai khi nha kinh tir
tau. Cac giai phap vé cong nghé may nham cai tién dong co hoat dong hiéu qua
giam tiéu thu nhién liéu va phat thai khi nha kinh tir tau bién, gdm:

+ Piéu chinh qué trinh chay;

+ Piéu chinh qua trinh phun nhién ligu;

+ Piéu chinh dong khi nap cho dong co;

+ Phun nuéc &p luc cao;

+ Hoi luu khi thai;

+ Hé thong xir 1y nhiét khi thai;

+ Hé thdng phun 6-xy.

- Uu, nhuoc diém ctia nhom giai phap vé cong nghé may:

+ Uu diém: Hiéu qua mang lai rat 1on;

+ Nhuoc diém: Viée cai tién cong nghé may mat thoi gian dai, chi phi dau
tu nghién ctru, thuc hién 16n va chi ap dung dugc ¢ thdi diém ché tao may cho

con tau.
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1.1.1.3. Nhém giai phap vé khai thac tau

- Trong linh vuc khai thac tau ching ta c6 thé giam tdc do tau, ting kich
thudc doi tau van tai dé gidm lugng ti€u thu nhién li¢u, phat thai khi nha kinh trén
mot don vi hang hoa dugc van chuyén.

- Han ché: Giam tdc do khai thac tau dong nghia véi viéc giam kha ning
canh tranh véi céc loai hinh van tai khac; Tang kich thudc doi tau phu thudc rat
16n vao co so ha tﬁng cua luéng lach, ciu tau, bén cang, ...
1.1.1.4. Nhém giai phap vé nhién liéu

- Hién tai, thé giéi dang c6 xu huéng tim dén cac dang nhién liéu sach, than
thién véi moi truong nhu:

+ Nhién liéu thap luu huynh;

+ Nhién liéu Gas;

+ Nhién li€u sinh hoc: Nhién li¢u long (Bio — methanol, Bio — ethanol, Bio
— butanol, v.v ...);

+ Khi sinh hoc (Biogas);

+ Nhién liéu sinh hoc ran;

+ Nhién li¢u nhii tuong.

+ Nhién liéu sach, phat thai thdp nhu LNG, Hydrogen, Amonia,...

- Uu, nhuoc diém cua nhom giai phap vé nhién liéu:

+ Uu diém: Ré hon, sach hon, than thién v&i méi truong hon;

+ Nhuoc diém: Han ché vé van dé cung tmg va an ninh, an toan d6i véi mot
s6 nhién liéu méi chua duoe danh gia toan dién.
1.1.1.5. Nhém giai phap t6i wu héa ké hoach chay tau

Giai phap duoc xem 13 hiéu qua, tiét kiém chi phi duoc nguoi S§ quan Hang
hai 4p dung phd bién trong qué trinh khai thac, van hanh con tau 1a: Téi vu hoa
tuyén duong va ké hoach chay tau, cu thé:

- Phuong phép Hang hai khi tugng (phuong phap Ischrone) [10, 18, 62, 63
64]:
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Hang hai khi tuong 1 viéc xay dung dudng chay tau toi wu cin ctr vao cac
du béo thoi tiét, tinh trang song cung cac dac diém cua tau khi di tir 1 diém tGi 1
diém cho trudc.

Trong diéu kién thoi tiét va tinh trang séng nhat dinh, dudng chay tau tbi
wu 14 dudng chay tau dam bao: An toan tau, strc khoe thuyén vién, tiét kiém nhién
lidu va thoi gian hanh trinh duge rat ngan téi da.

O mét ché do may nhat dinh, tdc do tau thay ddi phu thudc vao diéu kién
thoi tiét thuc té (46 cao va hudng séng, gio, hudng va téc dd dong chay, ...), khi
d6 duong di ngin nhat (Hang hai cung vong 16n) chua chic di 1a duong chay tau
t6i wu.

Thuc té, béng cach lva chon duong di thich hgp qua céc diém chuyén
hudng, tau co thé loi dung hoac han ché anh hudng cua cac yéu tb thoi tiét, do do
c6 thé giam thoi gian hanh trinh, giam luong tiéu hao nhién liéu, giam phat thai
khi nha kinh tir tau bién va dam bao an toan tau.

+ Uu diém: Luon tinh dudng di tiét kiém thoi gian nhat ti bat ky 1 diém
mit ndo (trc 1a tuyén hanh trinh t6i diém bat ky trén 1 Ischrone 13 tuyén ton it
thoi gian nhat dé toi diém do).

+ Nhuoc diém: Phuong phap nay khong thé giai quyét dugc cac bai toan
thuc té chéng han nhu han ché téc do trong giai doan dau dé cho cac diéu kién
thoi tiét xdu di qua. Hon nita ham muc tiéu ctia phuong phap Ischrone luén la
“thoi gian hanh trinh nhé nhat”, do d6 phuong phap nay khong linh hoat khi can
tinh toan dudng chay tau t6i wu ing véi cic ham muc tiéu toi uu khac.

- T6i vu héa tdc d6 bang k¥ thuat Just in Time:

Thuc té, gitra tbe do tau va murc tiéu hao nhién liéu cua tau bién c6 méi lién
hé twong quan. Cu thé, khi khai thac tau & toc do thap thi luong tiéu thu nhién liéu
thap hon theo d6 lwong khi nha kinh phat thai tir tau bién giam di va nguoc lai.

Do do, trong qué trinh khai thac tau, dua trén vi¢c trao doi thong tin déy
du, chinh xac giira cac bén, ngudi khai thac c6 thé biét chinh xac thoi diém tau

can c6 mit tai cang dén va khi d6, c6 thé tinh toan chay tau voi tdc do phu hop dé
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dam bao tiét kiém nhién liéu, giam phat thai khi nha kinh nho chay tau véi tbc do
thdp va tau van c6 mit tai cang dich dung thoi diém — Pay chinh 1a phuong phap
Ti uu héa toc d6 tau bang k¥ thuat just in time “tau dén cang kip luc”.

+ Uu diém: Tiét kiém nhién liéu t6i da cho tau bién, giam lugng khi nha
kinh phat thai tir tau xudng thap nhat;

+ Nhugc diém: Phuong phap nay yéu cau thong tin lién tuc va thong sudt
giita cac bén trong qua trinh khai thac tau dé tinh toan khoang thoi gian du trix
thich hop, tranh tau bi phat do dén muén.

- Két hop hang hai khi tuong va toc do t6i wu:

Cach don gian nhat dé thuc hién viéc nay 1a lip lai viéc tinh toan hang hai
khi tugng cho tau ¢ cac ché do may khac nhau, sau do6 lya chon ché do may ma &
d6 thoi gian tau téi cang dich thoa man yéu cau vé thoi gian chay tau, dong thoi
murc tiéu thu nhién liéu trén hanh trinh 12 nhé nhat. Khi dé tuyén duong chay tau
duogc lya chon 1a: Tuyén dudng hang hai khi tuong twong tmg véi ché d6 may
nay.

+ Uu diém: Xay dung dugc nhiéu tuyén duong hang hai khi tuong twong
g v6i nhiéu ché d6 may khéac nhau;

+ Nhuge diém: Viéc ap dung vao thuc té khong linh hoat do bai toan thuc
té luon ludn thay doi.

- Str dung dich vu tu van Hang hai truyén thdng, két hop véi mot sb giai
phép k¥ thuat hién co6:

Str dung thong tin khi twong din duong cua mot sd to chire cung cip dich
vu 16n trén thé gi6i hodc tmg dung mo sé hé thdng HO tro hang hai t6i wu dang co
hién nay nhu: H¢ théng Char Co, H¢ théng tdi uu héa hoat dong tau (SPOS —
Ship Performance Optimization System), AMI Seaware Routing, Sea Planner,
phan mém thoi tiét Interactive weather ciia Clearpoint, ...

Han ché:

+ Chi phi cao;

+ Tiép cén kho khén, rao can ngén ngir;
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+ Han ché thong tin vé phuong phép tinh toan (thuyén vién khong biét va
lam chu duogc);

+ Thiéu hudng dan khai thac do thiéu thong tin vé dic diém khai thac tau.

Ngoai ra, cac két qua dua ra tir cac dich vu tu van tuyén dudng chay tau
con chua thyuc sy dang tin cdy va chuan xac do:

+ Chua tinh toan dugc day du, chi tiét dic diém diéu dong cua tau va anh
huong cua cac yéu t6 thoi tiét dén tau;

+ Hau hét chua tinh toan t&i van dé hiéu qua nhién liéu khi tau thay doi ché
do may;

+ Chura tinh toan t¢i nguy co c6 thé gip phai, vi du nhu: nguy co dén mudn,
gip ving thoi tiét xau, v.v ... khi cc yéu té dau vao thay doi.

1.1.2. Mt s6 phwong phap tinh toan tdi wu dwoc ing dung dé tinh toan tuyén
dwong chay tau

Muc tiéu toi wu 1a giam thiéu chi phi hodc t6i da hoa hiéu qua. Thuat toan
t6i wu 12 mot quy trinh dwoc thyc hién lap di lip lai viée so sanh cac giai phap
khac nhau cho dén khi tim thady mot giai phap toi vu hodc thoa dang. Hién nay, c6
rat nhiéu thuét toan t6i wu duoc nghién ciru va tng dung hiéu qua cho nhiéu linh
vuc khoa hoc, san xuit va doi séng khac nhau.

Phuong phap tbi uu tinh toan tuyén dudng chay tau NCS dé cap dén & day
chinh 1a viéc tng dung thuat toan t6i vu dé tinh toan tuyén duong chay tau thoa
maén chi phi ctia tuyén (hay ham muc tiéu gan lién voi tuyén).

Mot s6 phuong phép t6i vu dugc tmg dung dé tinh toan tuyén duong chay
tau t6i ru:
1.1.2.1. Phwong phap quy hoach dong [78, 86]

Phuong phéap quy hoach dong 14 phuong phap ph bién dé tim tuyén duong
ngan nhét di tir diém dau dén diém cudi trén mot mang ludi. Mdi doan giita 2 nat
duoc gin v6i 1 chi phi nhat dinh (c6 thé 13 6 dai quing dudng hay thoi gian di
chuyén can thiét). Tuyén dudng tdi wu dugc lua chon 13 tuyén di qua cac nat, toi

diém cudi ma c6 tong chi phi 1a nhé nhat.
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1.1.2.2. Phwong phap dan kién (ACOA - Ant Colony Optimization
Algorithm) [39, 50]

Phuong phap dan kién Gmg dung thuat toan t6i wu dan kién (Ant Colony
Optimization Algorithm) mé phong qua trinh tim kiém thirc an ctia dan kién, theo
d6, trong qua trinh tim kiém thirc an tir to, cac ca thé kién trai trén duong di chuyén
mot loai hoa chat dic biét (Pheromone) c6 thé duogc phat hi¢n va mo dan theo thoi
gian. Pheromone do mot ca thé phat ra cé thé duoc nhan biét boi cac ca thé khac
va cac ca thé nay c6 xu hudng di theo duong cila ca thé trude da di dé tim kiém
thire an. Trong qua trinh di chuyén, cac ca thé sau c6 thé di chéch duong ban dau
dén noi c6 thirc an theo cac dudng khac nhau. Nhitng dudng ngian hon cé thoi
gian di chuyén can thiét ngan, do d6 lugng pheromone trai ra nhiéu va d& nhan
hon cac duong trude do. Clir nhu vay, sau mot thot gian, toan by dan kién sé& tap
trung trén mot duong ngan nhat tir t6 t6i noi co6 ngudn thirc an.
1.1.2.3. Phuong phap vét can (EC - Exhausted Search) [80]

Phuong phép nay tmg dung thudt todn vét can va thuong chi trng dung dugc
v&i bai toan c6 kich thudc nho.
1.1.2.4. Phwong phap leo d6i (HCA - Hill Climbing Algorithm) [81]

Kha nang tim kiém duoc két qua tdi wu toan cuc cta thuat toan leo doi la
turong ddi thap.
1.1.2.5. Phwrong phap di truyén (GA - Genetic Algorithm) [40]

Phuong phéap GA tng dung thuat toan di truyén (Genetic Algorithm) dé
tinh toan tuyén dudng chay tau tbi wu.

Thuat toan di truyén 1a thuat toan tim kiém ngiu nhién dwa trén co ché chon
loc ty nhién. Qua trinh tién hoa ty nhién 13 qué trinh hoan hao nhét, hop 1y nhat
va né ty mang tinh tbi uu.

Theo hoc thuyét Pac Uyn, tir mot quan thé (hay tap hop cac cé thé) ban
dau, trai qua qua trinh bién doi thich nghi véi diéu kién sdng tao ra mot 16p con
chau. Céc c4 thé tét, thich nghi tdt s& duoc lua chon dé lai tao va dot bién, trong

khi céac c4 thé kém hon sé& bi dao thai.
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Duc két tu tuong nay cia ty nhién, thuat toan di truyén ciing duy tri mot
16p 10i giai (hay 16p quan thé) ban dau, thong qua qué trinh tién hoa (lai tao, dot
bién) dé hinh thanh mot 16p méi véi hy vong 16p méi sé& tot hon 16p cil.

Qua trinh tién hoa dién ra lién tyc cho dén khi cac ham muc tiéu dan dat
duoc, khi d6 101 giai ciia bai toan dugc xac dinh. Qua trinh tién hoa thé hé sau bao
gio ciing t6t hon, hoan thién hon thé hé trude.
1.1.2.6. Phwong phap vi khuan (BFOA - Bacterial Foraging Optimization
Algorithm) [22, 25]

Phuong phap BFOA tng dung thuét toan toi wu dya trén phuong phap tim
kiém thtc an cia bdy vi khuan (BFOA - Bacterial Foraging Optimization
Algorithm) dé tinh toan tuyén dudng chay tau t6i wu.

Thuat toan BFO (Bacterial Foraging Optimization Algorithm) duoc dé xuat
1an dau tién boi Passino vao ndm 2002 da thu hit duoc sy quan tim cta nhiéu nha
nghién ctru trong nhiéu nim qua. BFOA - Thuét toan t6i wu dya trén phuong phap
tim kiém thtrc an ctia by vi khuan. Thuat toan 13 giai phap kha thi, duoc ap dung
hiéu qua cho nhiéu linh vyc khac nhau (nhu diéu khién t6i wu, tri tué nhén tao, du
doan diéu hoa, ...) boi cac wu diém ma thuit todn mang lai, cu thé:

- Thuét toan BFO 14 thuat toan tdi wu dua trén sb dong cac vi sinh vat don
gian, cac phan tir riéng biét trong tap hop c6 tinh chat ty chi va phan tan, khong
c¢6 sy diéu khién tap trung nén viéc 1 hodc 1 ) phén tor kém hi¢u qua hoac that
bai khong 1am anh hudng toi viée giai quyét van dé cua ca tap hop, cac phan tir
con lai van c6 kha ning tim nghiém tdi uu cho bai toan mét cach doc lap. Nho
vay, thuat toan BFO hiéu qua va manh hon so v&i cac phuong phép s khac;

- Thuét toan BFO c¢6 thé duoc mo rong mot cach dé dang do: Viée hop tac
(két bay) cua cac ca thé 1a thong qua cac lién lac gian tiép, nhd sy mo rong dé
dang cia thuat toan BFO, ta c6 thé ting quy md tap hop vi khuan dé giai quyét
nhitng van dé phuc tap hon mot cach nhanh chong.

- Thuét toan BFO chu yéu sir dung cac cong thic toan hoc co ban do d6 c6

thé ap dung mot cach don gian, nhanh chong va hiéu qua trén may tinh;
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- Thuét toan BFO khi dugc ap dung khong can phai gia dinh vé tinh kha vi,
ham 16i cling nhu cac yéu cAu khéac vé& mit toan hoc nén thuat toan duoc ung dung
dé giai quyét nhiéu van dé khac nhau vé t6i wu.

1.2. Mt s6 nghién ctru vé tinh toin tuyén dwong cho tau bién

NCS, tong hop dugc mot sd cong trinh nghién ciru khac nhau vé viée tinh
toan tuyén dudng cho tau bién nhu sau:

- Nghién ctru cua Tsou, Ming-Cheng & Hsueh, Chao-Kuang (2010): “The
study of ship collision avoidance route planning by ant colony algorithm”, su
dung thuat toan t6i wu dan kién dé 1ap ké hoach chay tau phong ngira va cham tau

trén bién hd tro s§ quan tryc ca ra quyét dinh [50];

- Nghién ctru cua LauraWalther, Anisa Rizvanolli, Mareike Wendebourg,
Carlos Jahn (2016): “Modeling and Optimization Algorithms in Ship Weather
Routing”, st dung cac phuong phap nhu thuat toan Dijkstra, quy hoach dong,
phuong phap diéu khién t6i wu dén phuong phap dudng dang thoi gian dé t6i vu
héa tuyén duong chay tau thoi tiét [23];

- Nghién ctru M.D. Nguyen et al (2013), Multi-Scale Automatic Route
Planning Algorithms for Sea-Going Vessel, AMFUF 2013 [24];

- Nghién ctru cuia Raphael Zaccone, Massimo Figari, Michele Martelli/
(2018): “An Optimization Tool For Ship Route Planning In Real Weather
Scenarios”, cac tac gia dya trén cac ban dd du béo thoi tiét, sir dung thuat toan
t61 uu dé 1ap tuyén duong chay tau tiéu thu nhién liéu t6i thiéu [26];

- Nghién ctru ndm 2019 cua A. P. Teixeira & C. Guedes Soares, “AIS Based
Shipping Routes Using the Dijkstra Algorithm”, dya vao dir liéu tuyén duong
chay tau trén Hé thong tu dong nhan dang (AIS) di sir dung thuét toan Dijkstra
dé xay dung tuyén duong chay tau an toan [51];

- Nghién ctru M.D. Nguyen et al, ICAIS 2012, sir dung thuét toan vi khuan
(BFOA — Bacterial Foraging Algorithm) nhdam muc dich t6i vu héa ham chi phi
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(Cost Function) trong qua trinh tranh va cua tau, dugc tinh toan dua trén thoi gian
chay tau, mtc d6 tuan thu quy dinh vé phong ngira ddm va tau thuyén trén bién
[52];

- Nghién ctru Nguyen Minh Duc, Tamaru Hitoi (ndm 2010) da dua ra
nguyén 1y co ban vé viéc xac dinh quy dao tranh va cho tau dua trén cac thong tin
vé muc tiéu va khu vyc hanh trinh thu dugc, sir dung phuong phép quy hoach
dong dua trén thuat toan Dijicka (Dynamic Programming) [54];

- Trong nghién ciru Luan van Tién si Nguyén Minh Duc, tac gia st dung
thuat toan toi uu dan kién xac dinh tuyén dudng tranh va cho tau, véi cac thong
tin vé chuyén dong cua tau khac thu nhan duoc qua cac thiét bi theo doi, gidm sat
chuyén dong tau (GPS, Radar, AIS) [57];

- Trong nghién ctru Lun van Tién si Pham Ngoc Ha, tac gia xay dung thuat
toan BFO thich nghi dé tinh toan tuyén duong tim kiém ctru nan t6i vu cho cac
phuong tién gip nan nhim nang cao ning luc tim kiém trong ving bién tir Ninh
Thuén - Kién Giang [18].

NCS nhan thay huéng tiép can theo phuong phap t6i uu dugc sir dung trong
cac nghién ctru trén duge khang dinh 13 cac phwong phap hiéu qua, c6 kha ning
ap dung cao trong cac bai toan tdi wu phirc tap. Cac phuong phap nay hoan toan
c6 thé nghién ctru, stra d6i dé ing dung trong viéc tinh toan ké hoach chay tau tbi
vu nhién lidu dua trén nguyén tic just in time "tau dén cang kip luc" ma NCS sé&
dé cap trong qué trinh nghién ctru dé tai luan 4n cta minh.

1.3. Khai niém vé tuyén dwong chay tau toi wu va ké hoach chay tau tdi uvu

Cong ude qudc té vé an toan sinh mang con ngudi trén bién — SOLAS [68],
quy dinh 34, Chuong V vé an toan hang hai: “Truéc chuyén hanh trinh Thuyén
truong phai ddm bao réng hanh trinh dy dinh da duogc 1ap ké hoach, str dung cac
hai do thich hop va an pham hang hai lién quan dén viing bién d6 c6 luu y dén cac
huéng din va khuyén nghi cia IMO di ban hanh”. B luat STCW [71] Muc A-
11, ph?m 2 quy dinh vé “ké hoach hanh trinh” cta tau (ké hoach chay tau cho toan

b0 hanh trinh) nhu sau.
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“Ké hoach hanh trinh phdai:

. Tinh dén bdt ky cdc hé théng tuyén hang hdi lién quan;

. Ddam bdo mot khu vuce bién dii cho an toan hanh trinh cua tiu trong cd
chuyéh di;

. Lwong dinh trudc tat ca cdc chudng ngai hang hai va diéu kién thoi tiét
khong thudn loi;

. Ké hoach hanh trinh do thuyén phé hai chudn bi va thuyén truéng ky duyét
truéc khi hanh trinh bat dau.”

Muc dich cua tuyén duong va ké hoach chay tau t6i vu chinh 13 dam bao
an toan hang hai, hiéu qua kinh té (ning cao hiéu qua sir dung ning luong) trén
toan b tuyén hanh trinh; gdp phan bao vé moi trudong, giam phat thai khi nha

kinh tir hoat dong khai thac tau.

1.3.1. Khai niém tuyén dwong chay tau toi vu (dwong di c6 loi nhat) [7]
Tuyén dudng chay tau tdi vu ddm bao mang lai hiéu qua kinh té cao nhat.
Hiéu qua kinh té c6 duoc khi hanh trinh an toan va chi phi cho chuyén di giam.

Tong chi phi cho mét chuyén di (B) duoc tinh theo cong thic:

Qc Q
Bzztc+2—2td (1.1)
Trong do:

Qu, Qc: Chi phi cho mdt ngay dém tau d6 va tau chay;

ta, te: Thot gian tau dd, tau chay.

Trong khai thac van tai bién, cdc cong ty khai thac van tai bién luon cb ging
rat ngan thoi gian ca chuyén di: T = t, + t, dé giam chi phi B ctia chuyén di va
quay vong khai thac nhanh.

Chi phi cho mét ngay chay tau thuong 16n hon mot ngay tau dd rat nhiéu
(Qc>> Qu), do d6 lya chon va dan tau theo duong di t6i wu 12 mot nghiép vu hang
hai quan trong mang lai loi ich kinh té cao cho cong ty.

Tuyén dudng chay tau tdi vu 13 sy két hop cua 03 yéu cau sau:
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- Pudng chay tau ngin nhat;

- Puong chay tau an toan nhat;

- Puong chay tau hét it thoi gian nhét.

Thuc té, duong di ngan nhat chua han 1a duong di an toan nhat va duong
di hét it thoi gian nhat. Mt khéc, tinh an toan va kinh té thuong mau thuan trong
viéc lya chon duong di co loi nhit, tuy theo diéu kién va hoan canh cu thé méi c6
thé dua ra duoc phuong an dan tau tdi uu.

- Puong chay tau ngan nht:

Puong ngan nhat gitta 2 diém trén bé mit trai dat 1a cung vong 16n (Great
circle) hay con goi 1a duong Oc t6. Tuy nhién, khong phai liic nao ciing dan tau
dugc theo cung vong 16n vi nhiéu 1i do.

- Puong chay tau an toan nhat 1a duong chay tiu phai dam bao an toan cho
con nguoi, tau, hang hoa va mdi truong bién. Dua trén tuyén duong ngin nhat da
du tinh, nghién ctru xem xét céc yéu td an toan nhu do sau, dong chay, bao gio,
ap thap va cac méi nguy hiém khéc, dé lya chon hanh trinh chung va dudng chay
tau trén tirng phan doan.

Phuong an lua chon duong di ngan nhat va an toan nhat dya trén cac tuyén
hang hai sau day:

+ Tuyén duong di hang huéng (Rhumb line track);

+ Tuyén dudng cung vong 16n (Great circle track);

+ Tuyén hang hai hdn hop (Composite track).

- Puong chay tau hét it thoi gian nhat: Trén co s¢ tuyén duong di ngan nhat
vé an toan nhét da dy dinh, xem xét cac yéu t6 khi tuong thiy van dé diéu chinh
rat ngan thoi gian chay tau. Thuc té, diéu kién khi twong thuy vin 1 yéu té kho
dinh luong, kho lya chon nhat nén can cé su nghién ctru ki ludng cac du bao, ban
tin nhan dugc trong qua trinh dan tau va két hop véi thong tin do dich vu khi

tuong dan duong cung cap.
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Nhu vy, tuyén dudng chay tau t6i vu (hay duong di co6 loi nhat) 13 tuyén
duong két hop dugc ca ba yéu td trén dé dam bao an toan téi da cho con nguoi,
tau, hang hoa va méi trudng bién dong thoi mang lai hiéu qua kinh té cao nhit
cho chuyén hanh trinh.

~

/ WPT 2 /
( End Point

\ WPT 3 \
WPT | '.

Hinh 1.2 Vi du vé 1 tuyén dudng chay tau toi wu v6i diém xuat phat, cac diém
chuyén huéng va diém dén.

Qua trinh xdy dung (thiét 1ap) tuyén duong hang hai toi uu, nguoi ST quan
hang hai can luu tAm tdi:

- biéu kién khi tuong, thuy vin (song, gid, dong chay, tAm nhin xa, ...);

- Tinh trang tau va céc trang thiét bi cta tau;

- C4c dic tinh va han ché cua tau;

- Bic diém cua hang dugc cho;

- Tinh trang strc khoe cta thuyén vién, hanh khach, hang héa dugc chuyén
chd;

- Hai dd can duge chuén bi dﬁy du, dam bao ti 1€ xich va dugc cap nhat phu
hop;

- Cac thong bao hang hai, ciac tai liu khic lién quan nhu: Sailing
Directions, List of Lights, List of Radio Aids to Navigation;

- Thém vao d6 1a cac thong tin hd trg chuyén di khac nhu hai do tuyén
duong, hudéng dan tuyén dudng, tai lidu vé thuy triéu va dong triéu, vi du nhu:

Lich, Atlas;
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Ngoai ra, nhu ching ta di biét nim 1948, IMCO (Intergovermental
Maritime Consultative Organization — T6 chirc lién chinh phu giai quyét cac van
dé Hang hai) ra doi, ddy 1a to chuc tién than caa IMO, dén nam 1982, IMCO dbi
tén thanh IMO [77] nhu hién nay.

Tiéu chi hoat dong cua IMO ngay tir khi méi ra do1 “Hang hai an toan trén
bién sach”, dén nam 1995, tiéu chi hoat dong caa IMO ddi thanh “Hang hai an
toan, an ninh va hi€u qua cao trén bién sach”. Nhu vay, theo thot gian, cung voi
su phat trién khong nging cua khoa hoc ki thuat — cong nghé, to chic Hang hai
quéc té IMO di kip thoi diéu chinh tiéu chi hoat dong ctia minh cho phu hop (giir
nguyén tiéu chi an toan va bado vé mdi truong, thém tiéu chi an ninh va hiéu qua
cao). Chinh vi vdy trén cac tau bién, nhiéu hé thdng dich vu thong tin khi tuong
va tuyén duong hién dai da duoc phat trién va str dung voi muc dich: Pap ung
day du cac tiéu chi caa IMO [77].

Nhiéu thiét bi, hé thong hd trg da tré thanh hang muc bat budc phai lip dat
trén tau bién theo qui dinh cua IMO, dugc trinh din trong SOLAS [68], chang
han nhu: ECDIS [6, 32], INMARSAT C [6, 79], ...

Do d6, trong qua trinh x4y dung (thiét 1ap) tuyén dudng hang hai t6i wu,
ngudi ST quan hang hai c6 thé tham khao thém thong tin tir cac trang thiét bi budng
141 hién dai, cac yéu cau ddi véi truc ca hang hai theo Cong udc STCW 78/95 sira
d6i Manila 2010, st dung céac hé¢ théng ho tro dich vu hang hai, vi du nhu: ECDIS
[6, 32], INMARSAT [6, 79], Hé thdng tdi uu hoa hoat dong tau (SPOS — Ship
Performance Optimization System), hé théng Chart Co, hé théng Voyage Planner,
VTS, Ship Report System, Hang hai khi tugng, hoa ti€u, ... Hon nita, nguoi si
quan hang hai ciing xem xét dén yéu t6 ving man kho qudc té, khu vuc theo mua;
thoi gian timg khu vic theo mua, 13 nhitng quy dinh vé chiéu cao man kho tbi
thiéu ma tau c6 thé chuyén ché hang hoa khi di qua cac ving bién, khu vuc nao
nhitng thdi gian khac nhau, bén canh d6 tham khéo thong tin trong “Ban do chiéu

cao man kho (Loadline chart) theo Cong uéc LOADLINE 1966 [70].

41



Dua vao cac thong tin day du thu thap duoc, ngudi ST quan hang hai thiét
1ap tuyén dudng hang hai toi vu tir cau téi cau, bao gém ca cac khu vuc c6 hoa
tiéu hd tro (tuyén duong sau d6 c6 sy kiém tra, phé duyét ciia Thuyén truong).

Trén co so tuyén dudong hang hai tdi wu vira thiét 1ap, ngudi ST quan hang
hai s& co day du cac thong sb can thiét dé dan tau an toan nhu: Hudng di, cac khu
vue nguy hiém, cac khu vue ¢6 dich vu VTS, bao cdo tau hodc cac khu vuc khac
can quan tdm, chan hoa tiéu (46 sau dudi day tau) UKC — Under Keel Clearance,
dic diém khu vuc hang hai, tbc do an toan cua tau trén tung doan tuyén, diém
chuyén huéng va qui dao cta tau khi qua cac diém chuyén huéng duéi tac dong
clia cac yéu tb thoi tiét, khi tuong thay van (song, gio, dong chay, thiy triéu), do
sau khu vuc chay tau, khu vuc néng can, ...

1.3.2. Khi niém ké hoach chay tau ti wu [7]

Pé nang cao hon nira hidu qua s dung ning luwong trén tau bién va giam
thiéu dén marc thip nhét lugng khi nha kinh phat thai tir tau bién, ngudi ST quan
hang hai can c6 ké hoach chay tau tdi wu trén timg doan cta tuyén dudng toi vu
da dugc thiét 1ap hay noi cach khac nguoi ST quan Hang hai can phai c6 ké hoach
van hanh tau tdi uu (phuong an dan tau tdi wu) trén timg doan tuyén da dugc xay
dung.

Phuong an dan tau toi uu (ké hoach van hanh tau t6i wu) & dy chinh 1a viéc
st dung ché do may, tdc d6 tau, cac dic tinh diéu dong, ddc tinh quay trd, ... cua
tau mot cach hop 1y trong sudt qua trinh din tau theo tuyén duong toi wu du kién
da duogc xay dung trudc.

Ddng thoi khi co cac van d& phat sinh, chang han nhu thay d6i bat thudong
ctia thoi tiét thi ké hoach van hanh tau tdi vu ¢ day chinh 1a sy thay d6i linh hoat
phi hop véi hoan canh thyc té dé dam bao an toan tau hodc dé nang cao hiéu qua
ning luong cua tau gop phan giam thiéu khi nha kinh, chong bién ddi khi hau.

Ung véi diéu kién thoi tiét thay d6i méi cap nhat, ngudi ST quan hang hai
c6 thé tinh toan lai tuyén duong hang hai tir vi tri hién tai cta tau dé co thé tiét

kiém nhién liéu hodc thot gian hanh trinh hiéu qua nhéat.
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Tbc do tau hodc téc do an toan cua tau trén timg doan tuyén ciing can duoc
ngudi ST quan hang hai lwu tAm, thay ddi linh hoat, hop 1i tuy thudc vao dic tinh
tau, ddc diém khu vuc hang hai, thoi diém tau hanh trinh qua doan d6 (ngay hay
dém), do sau, khu vuc nong can, ...

Nhu vay, viéc van hanh t6i vu ludn ludén doi hoi ngudi ST quan hang hai
phai c6 phuong an du phong, sin sang thay d6i mot cach linh hoat va hop 1i nhét.

Thuc té, gifra tdc d6 tau va murc tiéu hao nhién liéu cta tau bién c6 mdi lién
hé twong quan, cy thé: Khi khai thac tau ¢ téc do thap thi lugng tiéu thy nhién liéu
thap hon, theo d6 lugng khi nha kinh phat thai tir tau bién giam di va nguoc lai
khi khai thac tau & tdc d6 cao thi lwong tiéu hao nhién liéu s& ting 1én dan dén
luong khi nha kinh phat thai tir hoat dong khai thac tau bién ciing tang lén.

Do do, trong qué trinh khai thac tau, dua trén vi€c trao doi thong tin déy
du, chinh xac giira cac bén, ngudi khai thac c6 thé biét chinh xac thoi diém tau
can c6 mit tai cang dén va khi d6, c6 thé tinh toan chay tau voi tbe do phu hop dé
dam bao tiét kiém nhién lidu, giam phét thai khi nha kinh nho chay tau véi toc do
thap va tau van c6 mit tai cang dich ding thoi han — Pay chinh 1a phwong phap
Ti wu hoa tde do tau hay tdi vu hoa nhién liéu tau bién bang k¥ thuit (nguyén
tic) just in time “tau dén cang kip lac”.

Str dung phuong phép nay s& tiét kiém duoc nhién liéu tdi da cho tau bién,
giam luong khi nha kinh phat thai tir tiu xuéng thap nhat. Trong chuong trinh
tang hiéu qua ning luong, giam phat thai khi nha kinh tir tau bién: Viéc giam toc
d6 tau xubng thap dang duoc xem xét mot cach nghiém tic nho vao cac vu diém
ma nd mang lai.

Phuong phép tuyén dudng chay tau t6i wu nhién liéu just in time yéu cau
thong tin lién tuc va thong sudt giita cic bén trong qua trinh khai thac tau dé tinh

toan khoang thoi gian du trit thich hop, tranh tau bi phat do dén muon.
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1.4. Cac yéu t6 anh huéng téi viéc tinh toan tuyén dwong va ké hoach chay
tau toi wu

Thuc té Hang hai cho thay c6 rt nhiéu yéu td anh hudng tdi viée tinh toan
tuyén duong va ké hoach chay tau t6i uu, tuy nhién trong khuon kho nghién ctru
ctia dé tai luan an, NCS xem xét anh hudng cia cac yéu t sau:

1.4.1. Cac yéu tb thoi tiét, khi twong thity vin

Céc yéu tb thoi tiét, khi twong thity vin anh huong truc tiép t6i hoat dong
(téc d6) tau. Trong phan nay, NCS tap trung nghién ciru anh hudng ciia 3 yéu to:
Séng, gié va dong chay, cu thé:

- Song bién [8, 27, 35, 36]: Su ton that tc do tau chit yéu phu thudc vao do
cao song. Song gay ra cac dao dong (lic ngang, bo doc, ...) lam anh huong dén
luc day chan vit va lam ting luc can khi phai str dung banh lai lién tuc dé duy
trinh hudng di cua tau.

Khi tau chay vé6i van toc nho, khang luc song khong 16n 1am, chiém khoang
20-30% khang lyc, nhung khi tdc d6 tau 1én, chiém tGi 60-70% toan bd khang
luc.

Thuc té, mdi lién hé gitra do cao séng va téc d6 tau: Khi tau chay nguoc
song, toc d6 tau giam va ting 1én khi tau di xudi song voi didu kién d6 cao song
phai & mot gidi han nhit dinh (khong 16n 1am); trudng hop séng to, tbe do tau s&
giam bét ké 1a tau dang di nguoc hay xudi song. Do d6, khi bién dong nguoi si
quan hang hai lién tuc str dung banh 1ai dé giit 6n dinh cho tau va giam téc do dé
tranh cho tau bi rung lac anh huong dén két cau, an toan tau va strc khoe thuyén
vién.

- Gi6 [8, 35]: Trén bién, gi6 1a thanh phan chu yéu tao ra song bé mit, con
cac thanh phan khac (song triu, song ngin, song do dong dat,...) thi khong
thudng xuyén va anh hudng cta ching ciing khong dang ké.

M&i lién hé giira gié va tdc do tau: Thong thuong khi gid nhe, téc do tau
giam khi tau di nguogc gid va tang 1én khi tau di xu61 gié do anh hudng cua song

gy ra bai gio nay. Tuy nhién, luc can cia gid ddi véi chuyén dong tau phu thudc
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vao toc do gio, tbe do tau, goc hop boi hudng di cua tau va hudng gio, hinh dang
than tau va thuong tﬁng kién truc tau, ... va can duge xac dinh cho tung tau cu
thé.

Thuec té, anh hudng cua séng (song gid va song limg) ddi véi cac tau budn
16n hon réat nhiéu so v&i anh hudng cta gio, tuy nhién, ta khong thé tach roi anh
hudng cua timg yéu t6 riéng biét. Hon nita, gi6 ciing chinh 1a nguyén nhan gay ra
song va toc do, hudng gié co lién quan mat thiét véi do cao, hudng song. Vi vy,
trong nhiéu truong hop, anh huéng cia gié duoc bao ham ludn trong anh huong
ctia song toi toc do tau.

Hinh v& mo ta két qua thyc nghiém anh hudng cua song doi véi 1 tau cd

tdc d6 khai thac 1a 18 kts khi tau di xudi song, ngang séng va ngugc song [10].

20
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Hinh 1.3 Hinh v& md ta két qua thyc nghiém anh huéng ca song t6i tée do tau

2

trong cac truong hop tau di xuodi song, ngang sd6ng va ngugc song.
- Dong chay (hai luu) bé mit [8, 35]:
Trén cac dai duong, ludn ludn ton tai nhitng dong chay twong ddi 6n dinh,
cac dong chay nay goi 1a hai luu. Hai luu duoc phan thanh: Hai Iuu gié va hai luu
Gradient (néu xét theo nguyén nhan sinh ra dong chay) hodc duoc phéan thanh:

Hai luu nong va hai luu lanh (néu xét theo ddc diém nhiét d6 moi truong nude).
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Hai luu 1am giam t6c do khi tau chay nguoc dong va nguoc lai, toe d6 tau
s€ tang 1én khi tau xuo6i dong.

Ngoai ra, trong qua trinh dan tau hanh hai theo tuyén duong tdi uu duogc
xay dung trudc d6, nguoi si quan hang hai ciing can dic biét luu tAm dén anh
huong cua cac yéu to khi tuong thuy vin khac xuét hién trén tuyén, dic biét nhu
béo, thiy triéu (khi tau chay trong ludng, khu vuc cang bién), ...

Thuc té, cac thong tin thoi tiét, cac yéu t6 khi tuong thity van tac dong t6i
tuyén duong chay tau toi wu (anh huong téi hoat dong tau), nguoi si quan hang
hai c6 thé thu thap duoc tir rat nhiéu ngudn khac nhau. Sau day 13 mot s6 ngudn
pho bién:

- Tir céc thiét bi (hay hé thdng) c6 chirc ning thu nhan thong tin thoi tiét
duoc trang bi pho bién trén tau nhu: May thu Navtex [8, 33, 34], mdy thu thoi tiét
Facsimile [8];

- Tur céc dich vu chuyén dung nhu: Dich vy goi nhom tang cuong (EGC -
Enhanced Group Call) ctia Inmarsat C [6, 79] hay sir dung dich vu ctia mot sd hé
thong nhu: Hé thdng t6i wu hoéa hoat dong tau (SPOS — Ship Performance
Optimization System), hé thong Chart Co, hé thong Voyage Planner, ...

- Trc cac nguén thoi tiét dang s6: Hién nay, dir liéu thoi tiét cua cac co
quan, to chuc khi twong 16n trén thé gidi déu dugc ma hoa bang dinh dang Grib
File (pho bién hién nay 1 dinh dang Grib2).

Trong qué trinh nghién ciru thuc hién dé tai luan an, NCS ciing da nghién
ctru xay dung va cung cip cho ngudi si quan hang hai mot b cong cu (hay phan
mém) hitu hiéu nham thu thap va xt li thong tin thoi tiét, cu thé 1a ban tin song
toan cdu, ban tin gid toan cu cua Rish va dong chay cua Oscar phuc vu muc dich
tinh toan tuyén duong va ké hoach chay tau tdi uu (dugc trinh bay cu thé & Chuong
2 ctia dé tai luan 4n).

1.4.2. Cac dac tinh cua tau
bac tinh tau c6 anh hudng quan trong té1 viée lya chon va ap dung tuyén

dudng hang hai toi wu, lién quan dén van dé nghién ctru, NCS xem xét anh huong
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ctiia dic tinh chuyén dong tau bién (dic tinh thay ddi téc d6 tau bién) dudi tac
dong cua cac yéu td thoi tiét song, gid, dong chay theo rpm, draft, trim va dic tinh
tiéu thu nhién liéu tau bién tGi viéc lua chon va ap dung tuyén duong hang hai tdi
uu.

Ung dung thuat toan binh phuwong nho nhat (hay phuong phap binh phuong
nho nhit), NCS xéac dinh duoc dic tinh thay ddi téc d6 va dic tinh tiéu thu nhién
lidu ti uu trong timg diéu kién hanh hai cu thé (xac dinh toc do ti wu, mic tiéu
thu tiéu thy nhién liéu t6i vu ing véi ting diéu kién song, gio, dong chay véi s6
vong quay chéan vit (rpm), mén nudc tau (draft), hiéu s6 mén nuée tau (trim) cu
thé). Két qua nghién ciru nay c6 ¥ nghia vo cung quan trong trong viéc lira chon
va ap dung tuyén duong hang hai t6i wu (dugc trinh bay cu thé ¢ Chirong 3 ciia
dé tai ludn dn)

1.4.3. Mt s6 yéu to quan trong khac

Ngoai viéc xem xét anh hudng cua cac yéu td thoi tiét, khi twong thiy van
va dic tinh tau (gdm dic tinh chuyén dong tau bién (dic tinh thay ddi téc do tau
bién), ddc tinh tiéu thu nhién liéu tau bién), NCS ciing xem xét anh hudng cia
mot s6 yéu td quan trong khéc t6i viéc tinh toan, lya chon tuyén duong hang hai
t6i wu co xem xét cac hudng dan trong tai liéu “Ocean Passages for the World
(Vol 1), NP136 Chuong 1 [73] va Nghi quyét A.893(21)” ctia IMO [72], cu thé
nhu sau:

- Khoéi lwong hang can van chuyén (mén nuée van chuyén);

- Dy trit nhién liéu, nudc ngot can thiét cho toan tuyén;

- Do sau luéng lach trén toan tuyén;

- Mén nudce toi da theo mua, theo khu vuc dia 1y;

- Tinh todn mén nuée tdi uu cho tau (hiéu sé mén nudce toi vu), cb tinh toan
to1 su thay d6i mén nuée do sy thay ddi luong du trit nhién li€u, nudc ngot trén
toan tuyén;

- Viéc duy tri thong tin lién lac thong subt gifra cac bén, cap nhat thoi han

yéu cau tau dén diém dich dé tinh toan thoi gian du trix, thoi gian chd hop 1y tranh
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tinh trang tau bi phat do dén mudn (diém dich & ddy c6 thé 1a cang dén, diém cho
qua kénh, cho vao cang, ...).
1.5. Két luan chwong 1

Két thac chuong 1, NCS dat dugc mot sb két qua nghién ctru cu thé nhu
sau:

Trude tién, NCS d3 tim hiéu va tong hop duoc mot sb tai lidu, cong trinh
nghién ctru khoa hoc trong va ngoai nudc lién quan dén cha dé ciia dé tai luan an
da duoc cong bd.

Tiép theo, NCS tim hiéu khai niém tuyén dudng chay tau toi vu (hay duong
di c6 loi nhit) va khai niém ké hoach chay tau téi wu (hay phuong an van hanh
tau t6i wu). Pac biét, NCS tim hiéu khai niém tuyén dudng chay tau tdi uvu nhién
lidu dua trén nguyén tac just in time “tau dén cang kip luc” (goi tat 1a tuyén duong
chay tau t6i wu JIT).

Cudi cuing, NCS néu céc yéu td anh hudng t6i viée tinh toan tuyén duong
va ké hoach chay tau tdi wu, gdm: Anh hudng cua cac yéu t6 thoi tiét, khi tuong
thity van; Anh huong cua déc tinh thay doi toc do va dac tinh tiéu thy nhién liéu
clia tau bién trong timg diéu kién hanh hai cu thé (xét anh hudng cua séng, gio,
dong chay tuong tng voi ché d6 may  rpm, mon nuée tau _ draft, hiéu sé mén
nudc tau _ trim nhat dinh). Ngoai ra, NCS ciing néu anh huéng cia mot sb yéu td

quan trong khéc t&i viéce tinh toan tuyén duong va ké hoach chay tau tbi wu.
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CHUONG 2: TONG HQP THONG TIN THOI TIET PHUC VU TiNH

TOAN TUYEN PUONG VA KE HOACH CHAY TAU TOI UU

2.1. Viéc thu thap thong tin thoi tiét ¢ trén tau hién nay

Trong qué trinh hanh hai, ngudi S quan Hang hai co thé tiép can thong tin

thoi tiét tir nhiéu ngudn khac nhau. Sau dy 1a mot sé ngudn thong tin thoi tiét

phd bién ma ngudi S§ quan Hang hai thuong xuyén duogc tiép can.

2.1.1. Mt s6 ngudn thong tin thoi tiét tiép can dwoc trén tau

2.1.1.1. Navtex [8, 13, 34]

May thu Navtex trang bi trén tau bién c6 thé thu duoc 14 loai buc dién (got

la burc dién Navtex). Cac buc dién Navtex dugc ky hiéu dudi dang chir cai, cu

thé:

A" - Thong bao hang hai (Navigational Warning);
B* - Thong bao vé bio (Meteorological Warning);
C - Bao c4o vé bang (Ice Report);

D" - Thong tin vé tim kiém ctru nan va canh bao cudp bién tan cong (Search

and rescue information and pirate attack warning);

E - Du bao thoi tiét (Meteorological Forecast);
F - Btic dién vé dich vu hoa tiéu (Pilot Message);

G - Buc dién AIS (AIS message);
H - Buc dién LORAN (Loran-C message);

I - Btrc dién hién nay khong str dung (Reserved presently not used);
J - Btic dién vé hang hai v¢ tinh (SATNAV Message);

K - Cac birc dién lién quan dén cac hé thong tro gitip hang hai dién tir khac

(Other Electronic Navigational Aid System Message);

L" - Canh bao hang hai b6 sung (Navigational Warning additional to A);
V, W, X, Y - Cac dich vu dac biét (Special services-allocation by NAVTEX

panel);

Z - Khong c6 dién (No message on hand).
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Trong do 4 loai btrc dién: A*, B*, D*, L" 1a cc buc dién uu tién mic dinh
thu trc 1a khong st dung duoc ché do loai trir bire dién loai nay trong may.

Nhu vay, ngudi S§ quan Hang hai c6 thé tiép can duoc thong tin thoi tiét
thong qua mot s6 buc dién vé thoi tiét ma may thu Navtex thu nhan duogc tir tram
bo, vi du: Birc dién loai B* - Thong bao vé bio (Meteorological Warning), birc
dién loai C - Béo céo vé bang (Ice Report), buc dién loai E - Du bao thoi tiét
(Meteorological Forecast).
2.1.1.2. May thu thoi tiét Facsimile [8]

Ngay nay, may thu thoi tiét Facsimile khong phai 1a hang muc bat budc
phai trang bi trén tau bién (theo qui dinh ctia SOLAS) dic biét 1a khi c¢6 sy xuét
hién cua Navtex va dich vu EGC ctia Inmarsat C, tuy nhién trén cac tau bién may
thu thoi tiét Facsimile van rat pho bién do cac wu diém vé thong tin thoi tiét ma
n6 mang lai cho ngudi S§ quan hang hai, cu thé:

- Céc thong tin dugc hién thi dudi ca dang chir va hinh anh giup ching ta
c6 cai nhin toan canh vé tinh hinh thoi tiét va tinh trang mat bién trén mot khu
vuc rong 16n;

- Céc yéu t6 anh huong tryc tiép dén an toan hang hai nhu huéng va d6 cao
clia song, song limg, gi6 bdo va cac hién tuong thoi tiét bt loi nhu swong mu cd
thé duoc canh bao sdém nho viée khoanh ving, danh dau cac khu vuc va ciing ¢o
thé kém theo cac ghi chu cta tram phat.

Céc ban do thoi tiét hay ving bang, hodc cac thong tin hitu ich khac d6i véi
ngudi di bién duoc cac tram bo téng hop va dinh ky giri di vao nhitng khung thoi
gian nhat dinh va co thé chia lam 2 loai chinh la:

- Ban d6 thoi tiét hién tai hay con goi la ban do phan tich (Analysis): Phan
tich va hién thi tinh hinh hién tai dya trén cac dit liéu thu duge tir cac tram quan
tric tai cing mot thoi diém;

- Ban d6 thoi tiét twong lai (Du bao-Forecast): Du bao tinh hinh trong thoi
gian téi dua trén cac dir liéu hién tai va cac qui luat van hanh, tuong tac gitra cac

yéu t khi twong thuy vin.
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2.1.1.3. Dich vu chuyén dung

- Dich vu goi nhém tang cuong (EGC-Enhanced Group Call) [6, 79]

Theo quy dinh ctia IMO (duoc trich dan trong Solas), viéc lap dit thiét bi
INMARSAT-C trén tau bién 1a bat budc (Thiét bi Inmarsat — C dép tmg duoc 6/9
chtrc ning yéu cau cua hé thong GMDSS).

Thiét bi Inmarsat — C c6 kha ning nhan duoc cac birc dién quang ba (gui
cho nhiéu ngudi nhan) goi 1a EGC. EGC cho phép hai loai hinh quang ba dugc
truyén phat d6 1a SafetyNET (thuc hién viéc truyén phat thong tin an toan hang
hai trong d6 ¢ thong tin thoi tiét) va FleetNet (cho phép cac thong tin thuong mai
duogc giri di téi mot nhom nguoi st dung cu thé).

- Ngoai ra, nguoi S§ quan hang hai c6 thé tiép can thong tin thoi tiét thong
qua viéc str dung dich vu ciia mot s6 hé théng nhu: H¢ théng tdi wu hoa hoat dong
tau (SPOS — Ship Performance Optimization System), hé thong Chart Co, hé
thdng Voyage Planner, ...

2.1.2. Cac nguon thoi tiét dang sb

- Két qua quan tric thoi tiét ciia Trung tAm duy bao khi twong thily vin Qudc

gia [83] (National Centre for Hydrometeorological Forecasting — NCHMF)

https://www.nchmf.gov.vn

- Céc cong ty chuyén cung cap dich vu thoi tiét nudc ngoai voi do chinh
x4c rat cao: Cong ty Fugro GEOS [84] (https://www.fugroweather.com), cong ty
Offshore Weather Services [85] (https://www.offshoreweather.com);

- Dit liéu thoi tiét tir cac co quan khi twong thity van 16n trén thé gii: Trung
tam du bao han vira ctia Chau Au, co quan khi tugng ciia Nhat, co quan khi tugng
cua Phap, co quan khi tuong ciia My.

Thuc té hién nay, dit liéu thoi tiét ctia cac co quan, to chirc khi tuong 16n
trén thé gigi déu dugc ma hoa bang dinh dang Grib File (pho bién hién nay 1a dinh
dang Grib2).
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2.2. Thong tin thoi tiét phuc vu tinh toan ké hoach chay tau tdi wu dwoc
nghién ctru trong dé tai luin 4n

Thuc tién hang hai cho thiy nguoi S§ quan Hang hai c6 thé tiép can thong
tin thoi tiét mot cach dé dang tir rat nhiéu ngudn khac nhau, tuy nhién véi muc
tiéu nghién ctru khoa hoc, NCS str dung thong tin thoi tiét gdm: Dir liéu song, gid
ctia Rish va dit liéu dong chay ciia Oscar dé tinh toan tuyén dudng va ké hoach
chay tau tdi uu.

Viéc thu thap thong tin thoi tiét phuc vu tinh toan tuyén duong va ké hoach

chay tau t6i uvu duoc thé hién thong qua so dd dudi day:

Bén tin gio, song cua RISH

THU THAP

XULY Trung tdm dich vy
THONG TIN | (Web Server)
THOI TIET

Ban tin dong chay OSCAR

Hinh 2.1 So d6 nguyén ly thu thap thong tin thoi tiét phuc vu tinh toan tuyén
duong va ké hoach chay tau tdi wu duoc thue hién trong dé tai luan an
Thong tin thoi tiét phuc vu tinh toan tuyén dudong va ké hoach chay tau tdi
vu duoc nghién ctu trong dé tai gdm: Bén tin gi6 toan cau, ban tin séng toan cau
song cua Rish va ban tin dong chay Oscar.
2.2.1. Ban tin song toan cau, ban tin gi6 toan ciu cia Rish [16, 74]
Vién nghién ctru phat trién bén virng khi quyén nhan loai thudc Pai hoc
Kyoto, Nhat Ban Rish (Research Institute for Sustainable Humanoshere)

https://www.database.rish.kyoto-u.ac.jp/arch/jmadata/data/gpv/original

Rish xay dung, cap nhat va duy tri mot hé théng co so dit liéu vé du bao va
phan tich thoi tiét bao gdm nhiéu loai du bao khac nhau dugc luu trir dudi dang
dinh dang Grib 2 nham muc dich phuc vu nghién ctru khoa hoc. Theo qui dinh

cua Rish cung céc co quan hop tac (vi du: Japan Meteorology Agency), cac dix
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liéu thoi tiét duoc cung cAp mién phi cho hop tac nghién ctru khoa hoc, trudong
hop dung cho muc dich thuong mai phai c¢6 thoa thuan riéng va mét phi.

Dit liéu ctia Rish duogc luu theo dinh dang Grib file (cu thé 1a Grib 2).
2.2.2. Dir liéu dong chay Oscar [16, 47, 75]

Du 4n nghién ctru, phan tich dong chay dai duong theo thoi gian thuc Oscar
(Ocean Surface Current Analysis Real — time)

Dir liéu dong chay Oscar ¢6 dinh dang netCDF (Format Network Common
Data Form) chira dit liéu toc d6 dong chay theo vi tuyén (u) va kinh tuyén (v). Vi
du bang dir liéu dong chay Oscar:

Lat Long u v Speed Direction
5.0 102.0 -0.40 -0.50 0.64 38.7
5.0 102.5 -0.40 -0.50 0.64 38.7
5.0 103.0 -0.40 -0.50 0.64 38.7
5.0 103.5 -0.41 -0.49 0.64 39.9
5.0 104.0 -0.39 -0.49 0.63 38.5
5.0 104.5 -0.40 -0.49 0.63 39.2
5.0 105.0 -0.38 -0.48 0.61 38.4
5.0 105.5 -0.39 -0.48 0.62 39.1
5.0 106.0 -0.37 -0.48 0.61 37.6
5.0 106.5 -0.38 -0.47 0.60 39.0
5.0 107.0 -0.36 -0.47 0.59 37.5
5.0 107.5 -0.37 -0.47 0.60 38.2
5.0 108.0 -0.35 -0.46 0.58 37.3
5.0 108.5 -0.36 -0.46 0.58 38.0
5.0 109.0 -0.34 -0.46 0.57 36.5
5.0 109.5 -0.35 -0.45 0.57 37.9
5.0 110.0 -0.33 -0.45 0.56 36.3

Hinh 2.2 D liéu dong chay OSCAR
Dir liéu dong chdy OSCAR dugc cung cap mién phi véi muc dich nghién

ctru khoa hoc (néu str dung véi muyc dich khéc thi phai dugc cip phép va mat phi)
boi phong thi nghiém stc day phan Iyc (Jet Propulsion Laboratory Physical
Oceanography) thudc Vién cong ngh¢ California (Vién quan ly cac du &n cua co

quan hang khong vii tru My).
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2.3. Khai thac thong tin thoi tiét dang Grib file phuc vu tinh toin tuyén
duong va ké hoach chay tau t6i wu
2.3.1. Thong tin thoi tiét c6 dinh dang Grib file [16, 74]

Dt li€u cua Rish dugce luu theo dinh dang Grib file (cu thé 1a Grib 2).

GRIB la chir viét tat tiéng anh ctia Gridded Binary hay General Regularly
distributed Information in Binary Form: Pinh dang s6 liéu chinh xac thuong duoc
str dung trong khi turong dé luu trit dit 1iéu thoi tiét qua khir va dit liéu du bao thoi
tiét (Grib duogc to chuc khi twong thé gidgi WMO — World Meteorology
Organization tiéu chuan héa theo quy dinh vé ma hoa s6 306 (WMO Manual on
Code No 306)).

GRIB ¢6 3 phién ban, trong do:

- Grib 0, Grib 1: Pay 1a 2 phién ban dau, hién tai khong con dugc st dung
nira;

- Grib 2: Puogc stir dung rat phé bién hién nay nho cac uu diém vuot troi, cu
thé nhu sau:

+ Ty dinh nghia (Self Description);

+ Linh hoat;

+ D& md rong;

+ C6 thé nén dit ligu;

+ C6 thé dugc bao tri va stra d6i dé dang trong trudng hop can c6 cac trudng
thong tin méi.

Trén thé gioi, hau hét cac co quan du bao khi tuong déu st dung dinh dang
Grib 2 dé ma hoa dir liéu thoi tiét, do d6 giai ma duoc dinh dang nay sé& giup NCS
tiép can dugc cac thong tin thoi tiét day du, 1am co sé dé tinh toan phuong an
chay tau t6i wu.

NCS sir dung dit liéu thoi tiét (song, gio) ldy tir RISH, gom:

- Ban tin dy béo gi6 toan cau (GSM — Global Surface Model)

File ban tin du béo gi6 4p dung toan cau c6 dang:

Z C RJTD yyyymmddhh0000 GSM_ GPV_ Rgl FDtttt grib2.bin
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Trong do:

+ Dlat = 0.5 deg: Khoang cach giira cac diém nut theo vi tuyén

+ Dlon = 0.5 deg: Khoang cach giita cac diém nat theo kinh tuyén;

+ yearyearyearyearmonthmonthdaydayhourhour0000: Thoi diém bat dau
(UTC), hh = 00, 06, 12, 18 (Trong mdt ngay c6 4 thdi diém quan trac tudng tmg
véi hh =00, 06, 12 va 18);

+ tttt ...: thoi han du bao (Tai mdi thoi diém quan tric trong ngay s& du

béo cho 134 gio tiép theo).

Noi dung ban tin dy bdo gi6 cua Rish gém cac thong tin: Vi d9, kinh do,
toc do gié theo huéng W-E (m/s), tbe d6 gio theo hudng N-S (m/s), toc do gio
(m/s) va hudng gio.

Vi du vé ban tin dy bao gié toan cau ngay 12/12/2020 tai thoi diém quan
trac hh = 00, thoi han dy béo 1a 132 gid (tttt = 0512).

Z C_RITD 20201212000000_GSM_GPV_Rgl FD0000_grib2.bin 2020-12-12 12:33 31M
[@Z C _RITD 20201212000000 GSM GPV_Rgl FD0006_grib2.bin 2020-12-12 12:33 32M
Z C_RJTD_20201212000000_GSM_GPV_Rgl FD0012 grib2.bin 2020-12-12 12:33 32M
Z C_RITD_20201212000000_GSM_GPV_Rgl FDO0O18_grib2.bin 2020-12-12 12:33 32M
Z C_RITD_20201212000000_GSM_GPV_Rgl FD0100_grib2.bin 2020-12-12 12:34 32M
Z C_RJITD_20201212000000_GSM_GPV_Rgl FD0106_grib2.bin 2020-12-12 12:34 32M
@Z C_RITD 20201212000000_GSM_GPV_Rgl FDO112 grib2.bin 2020-12-12 12:34 32M
Z C_RITD_20201212000000_ GSM_GPV_Rgl FDO118_grib2.bin 2020-12-12 12:34 32M
@Z C_RITD 20201212000000_GSM_GPV_Rgl FD0200_grib2.bin 2020-12-12 12:34 32M
Z C_RJTD 20201212000000_GSM_GPV_Rgl FD0206_grib2.bin 2020-12-12 12:34 32M
Z_C RJITD 20201212000000 GSM_GPV Rgl FD0212 grib2.bin 2020-12-12 12:34 32M
7_ C_RJTD 20201212000000_GSM_GPV_Rgl FD0218 grib2.bin 2020-12-12 12:34 32M
Z C _RJTD 20201212000000_GSM_GPV_Rgl FD0300_grib2.bin 2020-12-12 12:34 32M
Z C_RITD_20201212000000_GSM_GPV_Rgl FD0306_grib2.bin 2020-12-12 12:34 32M
E]Z C_RITD 20201212000000_GSM_GPV_Rgl FD0312 grib2.bin 2020-12-12 12:34 32M
@Z C_RJITD_20201212000000_GSM_GPV_Rgl FD0318 grib2.bin 2020-12-12 12:34 32M
Z C_RITD _20201212000000_GSM_GPV_Rgl FD0400_grib2.bin 2020-12-12 12:34 32M
Z C _RITD 20201212000000_GSM_GPV_Rgl FD0406_grib2.bin 2020-12-12 12:34 32M
@Z C _RITD 20201212000000_GSM GPV_Rgl FD0412 grib2.bin 2020-12-12 12:34 32M
Z C_RITD_20201212000000_GSM_GPV_Rgl FD0418 grib2.bin 2020-12-12 12:34 32M
Z C_RITD 20201212000000_GSM_GPV_Rgl FD0500_grib2.bin 2020-12-12 12:34 32M
@Z C _RITD 20201212000000_GSM_GPV_Rgl FD0506_grib2.bin 2020-12-12 12:34 32M
Z C _RITD 20201212000000_GSM _GPV_Rgl FDO5S12 grib2.bin 2020-12-12 12:34 32M

Hinh 2.3 Vi du ban tin du bo gié toan cau ngay 12/12/2020 (tai thoi diém quan
trac hh=00)
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- Ban tin du bao song toan cau (GWM — Global Wave Model)

File ban tin du béo séng ap dung toan cau c6 dang:

Z C RJTD yyyymmddhh0000 GWM GPV Rgl GllOp5deg FDtttt-
tttt_grib2.bin

Trong do:

+ yyyymmddhh0000: Thoi diém bét dau du bao (Thoi diém quan tric hh
=00, 06, 12, 18);

+ FDtttt-tttt: Thoi han du béo (tttt-tttt = 0000-0312 va 0318-0512).

Vi du vé ban tin dy bao séng toan cau ngay 12/12/2020

Z__C RITD 20201212000000_ GWM_GPV_Rgl GllOpSdeg_FD0000-0312 grib2.bin
Z_C_RITD_20201212000000_ GWM_GPV_Rgl GllOpSdeg_FDO0318-0512 grib2.bin

Hinh 2.4 Vi du ban tin dy bao séng toan cau ngay 12/12/2020 (tai thoi diém
quan tric hh=00)

2.3.2. Xay dung phin mém trich xuit dir liéu thoi tiét (séng, gié) dinh dang
Grib 2 cua Rish

Toan bo dit liéu thoi tiét (song, gid) cua Rish déu duoc ma hoa boi dinh
dang Grib 2. Do do, dé sir dung duoc cac dit liéu thoi tiét nay, NCS str dung ngén
ngit 1ap trinh Visual Basic 2010 (VB 2010) viét chuong trinh giai ma file c6 dinh
dang Grib 2.

GREEN SHIPPING DATABASE g=—3 ==

e 5 2

L5

| Gz

= "

am— I ‘i

S i ALY

| | 4 ) " »
m’“" b BioFUEL

Hinh 2.5 Giao dién chuong trinh quan ly co sé dit li¢u
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DPing nhap hé théng

Module quan 1y céng ty va doi tau

Module Upload dir liéu thoi tiét

Module quan 1y théng tin thoi tiét

h Piang xuat khoi hé théng

Ping nhap vao hé thong: Nhap ma va Log in vao hé thong

a5l USER LOG-IN X |
@ Manager O Coder
Passwor/Nhap ma |
[] Show Character/Hién ky tu Log In/Dang nhap
I
|
| T— =

Hinh 2.6 Giao di¢n dang nhéap vao h¢ théng
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2.3.3. Quy trinh thu thap thong tin thoi tiét (song, gid) tir co' sé dir lidu clia
Rish

NCS tién hanh thu thap va xu li ban tin gid, song cua Rish, chuyén dit liéu
t6i trung tam dich vu (trang bi Web — Server) phuc vu tinh toan tuyén duong va
ké hoach chay tau tbi uu.

* Bwéc 1. Thu thap dir liéu thoi tiét (séng, gi6) cia Rish

bé tiép can dir liéu thoi tiét phuc vu muc dich nghién ctru khoa hoc cua
Rish, NCS truy cap dia chi website:

https://www.database.rish.kyoto-u.ac.jp/arch/jmadata/data/gpv/original

£ Index of /arch/jmadata/data/gp. X -+

< C (@ Not secure | database.rish.kyoto-u.ac.jp/arch/jmadata/data/gpv/original/
D:OU—I 2007-11-30 21:11 -
[::| 2005 2007-11-30 21:12

Hinh 2.7 Dit liéu thoi tiét dugc luu trir theo timg nam
(Vi du hinh 2.7 1a thu muc luu trit dir li¢u thoi tiét nam 2004, 2005)

Dit liéu thoi tiét ctia 1 ndm duoc luu trit theo ting thang ctia nam do, vi du:

Name Last modified Size Description

a Parent Directory -

e YO 2020-01-3112:53 -
i Y2 2020-02-29 17:25 -
303/ 2020-03-31 16:54 -
£y 04/ 2020-04-30 14:14 -
6305/ 2020-05-31 14:09 -
£ 06/ 2020-06-30 14:10 -
e 4 2020-07-31 14:09 -
£08/ 2020-08-31 14:09 -
30/ 2020-09-30 14:10 -
(i PO 2020-10-31 13:02 -
e POV 2020-11-30 14:57 -
B 1 2020-12-08 14:19 -

Hinh 2.8 Dit liéu thoi tiét tir 01/2020 dén 12/2020
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Dit liéu thoi tiét cua 1 thang dugc luu trit theo ting ngdy cta thang do, vi
du:

Index of /arch/jmadata/data/gpv/original/2020/12

Name Last modified Size Description

a Parent Directory

Eyou 2020-12-02 09:18
GQ 2020-12-03 09:18
£y 2020-12-04 09:18
(e 20 2020-12-05 09:18
(e L 2020-12-06 09:18
308/ 2020-12-07 09:18
e L2l 2020-12-08 09:18
a% 2020-12-09 09:18

Hinh 2.9 Dit liéu thoi tiét tir ngay 01/12/2020 dén 08/12/2020
Dit lidu thoi tiét cia mot ngay dugc cap nhat téi thoi diém hién tai va duoc ma
hoa béng dinh dang Grib 2, cu thé:
Index of /arch/jmadata/data/gpv/original/2020/12/08

Name Last modified Size Description

J Parent Directory -
Z__C RITD 20201208000000 CWM_GPV_Rjp_GllOp05deg_FDO000-0300_grib2.bin 2020-12-08 12:45 65M

Z__C RITD 2020]1208000000 GSM_GPV_Rgl FD0000_grib2.bin 2020-12-08 12:33 31M
E Z__C RITD_20201208000000 GSM_GPV_Rgl FDO006_grib2.bin 2020-12-08 12:33 32M
Z__C RITD 20201208000000 GSM _GPV_Rgl FD0O12 grib2.bin 2020-12-08 12:34 3IM
Z__C_RITD_2020]1208000000_GSM_GPV_Rgl FD0018&_grib2.bin 2020-12-08 12:34 32M
E Z_C RITD 20201208000000 GSM GPV_Rgl FDO100_grib2.bin 2020-12-08 12:34 32M
Z__C _RITD _2020]208000000_GSM_GPV_Rgl FD0106_grib2.bin 2020-12-08 12:34 32M

Hinh 2.10 Dit liéu thoi tiét ngay 08/12/2020 dugc ma hoa béng dinh dang Grib 2

NCS Dowload cac ban tin du bao gié va séng. Vi du: NCS dowload cac
file du béo gi6 va song cta Rish tir ngay 16/11/2020 dén ngay 06/12/2020.
Céc file dy bao song, gi6 toan ciu ctia Rish sau khi dowload dugc luu trit

trong cac thu muc GSM (Global Surface Model) va GWM (Global Wave Model).
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» Local Disk (D:) » DatabaseGreenShip » RISH_OSCAR Files » GSM

Name

| ] Z_C_RJTD_20201120000000_GSM_GPV_Rgl_FD0000_grib2.bin
| | Z_C_RJTD_20201121000000_GSM_GPV_Rgl_FD0000_grib2.bin
| | Z_C_RITD_20201122000000_GSM_GPV_Rgl_FD0000_grib2.bin
|1 Z_C_RITD_20201123000000_GSM_GPV_Rgl_FD0000_grib2.bin

| Z_C_RJTD_20201124000000_GSM_GPV_Rgl_FD0000_grib2.bin

[ ] Z_C_RITD_20201125000000_GSM_GPV_Rgl_FD0000_grib2.bin

|1 Z_c_RITD_20201126000000_GSM_GPV_Rgl_FD0000_grib2.bin
Z_C_RITD_20201127000000_GSM_GPV_Rgl_FDOO000_grib2.bin

[] Z_C_RITD_20201128000000_GSM_GPV_Rgl_FD0000_grib2.bin
[ ] Z_C_RITD_20201129000000_GSM_GPV_Rgl_FD0000_grib2.bin

| 7 Z_c_RITD_20201130000000_GSM_GPV_Rgl_FDO000_grib2.bin
[ Z_C_RITD_20201201000000_GSM_GPV_Rgl_FDO000_grib2.bin
[ ] Z_C_RITD_20201202000000_GSM_GPV_Rg|_FD0000_grib2.bin
[ ] Z_C_RITD_20201203000000_GSM_GPV_Rgl_FD0000_grib2.bin
[ Z_C_RITD_20201204000000_GSM_GPV_Rgl_FDO000_grib2.bin
[ Z_C_RITD_20201205000000_GSM_GPV_Rgl_FDO000_grib2.bin

[] Z_C_RITD_20201206000000_GSM_GPV_Rgl_FD0000_grib2.bin

v

Date modified
12/12/2020 9:30 AM

12/12/2020 9:32 AM
12/12/2020 9:34 AM
12/12/2020 9:35 AM
12/12/2020 9:37 AM
12/12/2020 9:38 AM
12/12/2020 9:40 AM
12/12/2020 9:43 AM
12/12/2020 9:41 AM
12/12/2020 9:44 AM
12/12/2020 9:47 AM
12/12/2020 9:49 AM
12/12/2020 9:51 AM
12/12/2020 9:53 AM
12/12/2020 9:54 AM
12/12/2020 9:56 AM
12/12/2020 10:00 AM

(3

ol

Type
BIN File

BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File

Search GSM

Size
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB
32,091 KB

Hinh 2.11 Dit liéu du béo gi6 toan ciu caa Rish tir ngay 16/11/2020 dén

06/12/2020

Local Disk (D:) » DatabaseGreenShip » RISH_OSCAR Files > GWM

~

Name

| ] Z_C_RJTD_20201120000000_GWM_GPV_Rgl_GI...
[] Z_C_RITD_20201121000000_GWM_GPV_Rgl_GI...
[] Z_C_RJTD_20201122000000_GWM_GPV_Rgl_Gl...
[ ] Z_C_RITD_20201123000000_GWM_GPV_Rgl_GI...
|} Z_C_RITD_20201124000000_GWM_GPV_Rgl_GI...

[ 1 Z_C_RITD_20201125000000_GWM_GPV_Rgl_Gl...
[] Z_C_RITD_20201126000000_ GWM_GPV Rgl_Gl...
[ Z_C_RITD_20201127000000_GWM_GPV Rgl Gl...
[ ] Z_C_RJTD_20201128000000_ GWM_GPV Rgl_Gl...
[ ] Z_C_RITD_20201129000000 GWM_GPV Rgl_Gl...
[ ] Z_C_RJTD_20201130000000_ GWM_GPV Rgl_Gl...
[ Z_C_RITD_20201201000000_GWM_GPV_Rgl_Gl...
[ ] Z_C_RIJTD_20201202000000_GWM_GPV_Rgl_Gl...
| 1 Z_C_RITD_20201203000000_GWM_GPV_Rgl_Gl...
| 1 Z_C_RIJTD_20201204000000_GWM_GPV _Rgl Gl...
[ Z_C_RITD_20201205000000_GWM_GPV_Rgl_Gl...
[ Z_C_RITD_20201206000000_ GWM_GPV_Rgl_Gl...

Date modified
12/12/2020 9:32 AM
12/12/2020 9:33 AM
12/12/2020 9:35 AM
12/12/2020 9:36 AM
12/12/2020 9:37 AM
12/12/2020 9:39 AM
12/12/2020 9:40 AM
12/12/2020 10:15 AM
12/12/2020 10:16 AM
12/12/2020 10:17 AM
12/12/2020 10:27 AM
12/12/2020 10:28 AM
12/12/2020 10:29 AM
12/12/2020 10:30 AM
12/12/2020 10:31 AM
12/12/2020 10:31 AM
12/12/2020 10:33 AM

Type
BIN File

BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File
BIN File

Size

L Search GWM

14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB
14,289 KB

Hinh 2.12 Dir liéu du béo séng toan cau cua Rish tir ngay 16/11/2020 dén

06/12/2020
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* Buwéc 2. Giai ma dir liéu thoi tiét (séng, gi6) ciia Rish
- bang nhap vao hé théng: Nhap mi va Log in vao hé thong
- Chon Module “Quan 1y thoi tiét”

- Chon “DECODE RISH-OSCAR DATA”

s GRIB2 RISH FILE READER - and - OSCAR CURRENT DATA FORMATTING x

Hinh 2.14 Giao dién hé théng sau khi chon “DECODE RISH-OSCAR DATA”
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- Tiép tuc Iwra chon “Select Grib2 RISH File”

Select Grib2 RISH File
25 Open
+t <« RISH_OSCAR » DatabaseGreenShip » RISH_OSCAR_Files
Organize ~ New folder
A Name Date modified
# Quick access
GSM 8/12/2020 9:07 PM

B8 Mr Special GWM 2/12/2020 11:16 AM

[ Desktop OSCAR 2/12/2020 11:16 AM

%) Documents

Lua chon cac file can giai ma trong cac thu muc tuwong ung, cu thé: GSM
(Global Surface Model) — Thu muc chira cac ban tin du bdo gi6 duoc luu trit dudi
dang Grib2; GWM (Global Wave Model) — Thu muc chira cac ban tin du bao

song dugc luu trir dudi dang Grib2.

Mr Special » Local Disk (D) » RISH_OSCAR » DatabaseGreenShip * RISH_OSCAR Files » GSM v B £ Search GSM
Name Date modified Type
| Z_C_RITD_20201208000000_GSM_GPV_Rgl_FD0000_grib2.bin 9/12/2020 9:55 PM BIN File
| Z_C_RJTD_20201208000000_GSM_GPV_Rgl_FD0006_grib2.bin 9/12/2020 10:06 PM BIN File
Z_C_RITD_20201208000000_GSM_GPV_Rgl_FD0012_grib2.bin 9/12/2020 10:07 PM BIN File
| Z_C_RJTD_20201208000000_GSM_GPV_Rgl_FD0018_grib2.bin 9/12/2020 10:08 PM BIN File
| Z_C_RITD_20201208000000_GSM_GPV_Rgl_FD0100_grib2.bin 9/12/2020 10:09 PM BIN File
| Z_C_RITD_20201208000000_GSM_GPV_Rgl_FD0106_grib2.bin 9/12/2020 10:09 PM BIN File
| Z_C_RITD_20201208000000_GSM_GPV_Rgl_FD0112_grib2.bin 9/12/2020 10:10 PM BIN File
| Z_C_RITD_20201208000000_GSM_GPV_Rgl_FD0118_grib2.bin 9/12/2020 10:11 PM BIN File
b}
Hinh 2.15 Thu muc GSM
Mr Special » Local Disk (D:) » RISH_OSCAR > DatabaseGreenShip » RISH_OSCAR Files > GWM v D £ Search GWM
Name Date modified Type
| Z_C_RJTD_20201208060000_ GWM_GPY_Rgl_Gll0p5deg_FDO000-0312_grib2.bin 9/12/2020 10:14 PM BIN File
| Z_C_RITD_20201208060000_GWM _GPV_Rgl_GlI0pSdeg_FD0318-0512_grib2.bin 9/12/2020 10:15 PM BIN File
| Z_C_RITD_20201208180000_GWM_GPV_Rgl_GlIOpSdeg_FD0000-0312_grib2.bin 9/12/2020 10:18 PM BIN File
| Z_C_RJTD_20201208180000_GWM_GPV_Rgl_GllOp5deg_FD0318-0512_grib2.bin 9/12/2020 10:18 PM BIN File

Hinh 2.16 Thu muc GWM
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- Két qua thu dugc: Dit liéu thoi tiét song, gié cua Rish sau khi giai ma s&

duoc luu trir trong thuy muc DECODED RISH OSCAR Data Wave/ Wind tuong

ung.

Local Disk (D:) » DatabaseGreenShip » DECODED_RISH.OSCAR Data » Wave

A

Name

8- Wave_202011160000_202011160000
@) Wave 202011160600 202011160000
0. Wave_202011161200.202011160000
0. Wave_202011161800.202011160000

Hinh 2.17 Két qua giai mé ban tin dy bao séng cua Rish ngay 16/11/2020 (tai

Date modified

12/12/2020 11:20 AM
12/12/2020 11:20 AM
12/12/2020 11:20 AM
12/12/2020 11:20 AM

Type

Microsoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com..

Microsoft Excel Com...

cac thoi diém quan tric 00, 06, 12 va 18 gid)

Local Disk (D;) » DatabaseGreenShip » DECODED_RISH_OSCAR Data » Wind

ey

Name

. Wind_202011160000_202011160000
. Wind_202011170000_202011170000
' Wind_202011180000_202011180000
| Wind_202011190000_202011190000
. Wind_202011200000_202011200000
. Wind_202011210000_202011210000
. Wind_202011220000_202011220000

Hinh 2.18 Két qua giai ma ban tin dy bao gi6 cia Rish tir ngdy 16/11/2020 dén

Date modified

12/12/2020 10:57 AM
12/12/2020 10:57 AM
12/12/2020 10:58 AM
12/12/2020 10:58 AM
12/12/2020 10:58 AM
12/12/2020 10:58 AM
12/12/2020 10:59 AM

22/11/2020
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v

Type

Microsoft Excel Com..
Microsoft Excel Com..
Microsoft Excel Com..
Microsoft Excel Com...
Microsoft Excel Com..
Microsoft Excel Com..

Microsoft Excel Com...

0 Search Wave

Size

3817KB
3,820 KB
3,820 KB
3820 K8

9] L Search Wind

Size

5132 KB
5,135 KB
5130 KB
5,140 KB
5135 KB
5134 KB
5118 KB
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Hinh 2.20 Hién thi hinh 4nh séng to

4

6 cua Rish sau khi gidi ma két hop voi dir 1i

éu

A

4

A

¢u song, gi

NCS str dung dir i

Oscar s dugc trinh bay
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1i dir 1iéu dong cha

o

A

ap xur

dong chay Oscar (viéc thu th
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trong phan sau) dé tong hop file dit liéu thoi tiét tong hop phuc vu tinh toan tuyén

duong va ké hoach chay tau tdi vu.

2.4. Khai thac thong tin dong chay tir co sé dir liu dong chay Oscar phuc vu

tinh toan tuyén dwdng va ké hoach chay tau téi wu

2.4.1. Tong quan vé co s& dir liéu dong chay OSCAR [16, 47, 75]

Oscar 1a chit viét tit tiéng Anh cua Ocean Surface Analysis Real — Time,
Du 4n nghién ctru, phan tich dong chay dai duwong theo thoi gian thuc.

Tuong ty Rish, Dy d4n nghién ctru, phan tich dong chay theo thoi gian thuc
Oscar xay dung, cap nhat va duy tri mot hé thong co so dit liéu vé du béo va phan
tich dong chay toan cau duoc luu trit dudi dang dinh dang netCDF (Format
Network Common Data Form) nham phuc vu muyc dich nghién ciru khoa hoc (Néu
st dung cho muc dich khéc thi phai tra phi).

SAMPLE DATA RECORD
These data are from oscar_vel2008.nc

latitude = 80, 79.6666666666667, 79.3333333333333, 79,
78.6666666666667

longitude = 20, 20.3333333333333, 20.6666666666667, 21,
21.3333333333333

time = 5566, 5571, 5576, 5581, 5586

year = 2008, 2008.014, 2008.027, 2008.041, 2008.055
depth = 15

um = nan, nan, nan, nan, nan

vm = nan, nan, nan, nan, nan

u = nan, nan, nan, nan, nan

Hinh 2.21 Vi du dit li€u dong chay Oscar
Dir lidu dong chay Oscar gdm thong s6 téc dd dong chay theo vi tuyén (u)
va theo kinh tuyén (v).
Dé tiép can dit liéu dong chay toan ciu cua Oscar phuc vu muc dich Nghién
ctru khoa hoc, NCS truy cap dia chi website:

https://podaac-
opendap.jpl.nasa.gov/opendap/hyrax/allData/oscar/preview/L4/oscar third deg/

Hinh 2.22 Dia chi truy cip dé 1iy dir liéu dong chay Oscar
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2.4.2. Xay dung phin mém khai thac thong tin tir co sé dir li¢u dong chay
OSCAR [16]
2.4.2.1. Phin mém Khai thac thong tin tir co sé dit liéu dong chay OSCAR

Dt liéu dong chay toan cau cua Oscar duoc ma hoa béi dinh dang netCDF,
dé khai thac thong tin tir co s dir liéu dong chay Oscar (twong tu dir liéu song,
gi6 cua Rish), NCS str dung ngon ngir lap trinh Visual Basic 2010 (VB 2010) xay
dung ph?ln mém khai thac dit lidu nay phuc vu muc dich NCKH (tinh toan ké

hoach chay tau tbi uu).

GREEN SHIPPING DATABASE |0 - =

000000

BIOFUEL |

Hinh 2.23 Giao dién chuong trinh quan 1y co sé dit liéu thoi tiét
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Pang nhap hé théng

Module quan ly céng ty va déi tau

Module Upload dir liéu thoi tiét

Module quan Iy théng tin thoi tiét

Piang xuat khoi hé théng

Ping nhap vao hé thong: Nhap ma va Log in vao hé thong

s USER LOG-IN X

@® Manager O Coder

Passwor/Nhap mé |

(] Show Character/Hién ky tu Log In/Bang nhap

1 .-

Hinh 2.24 Giao dién ding nhap vao hé thong
2.4.2.2. Quy trinh khai thac thong tin tir co' sé dir li€éu dong chay OSCAR
Buéc 1: Thu thap dir liéu dong chay OSCAR
- Truy cap dia chi website:

https://podaac-

opendap.ijpl.nasa.gov/opendap/hyrax/allData/oscar/preview/L4/oscar third deg/
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@ OPeNDAP Hyrae Contents of /ol % = = =] x
€ < C @ podaac-opendap.jpl.nasa.gov/opendap/hyrax/allData/oscar/preview/L4/oscar_third_deg/ * N o §
‘/’——

Contents of /allData/oscar/preview/L4/oscar_third_deg

Name Last Modified Size DAP Response Links Dataset Viewers
dogs/ 2019-24-957T21: 31: 58GHT - - - - - - -
sl 2814-83-12T21:03: 56GMT - & 2 5 =
oscar_vell00ed.nc.gz 2020-12-03T23:23:45GHT 18164864 ¢dx dds das info html rdf covison file viewers
oscar_yelle18.nc. gz 2028-12-83T23:253: 21GMT 18145446 ddx dds das info htel rdf covison file viewers
oscar_yell19915.nc. gz 2020-12-937T23:38:486MT 19136272 ddx dds das info html rdf covison file viewers
oscar_vell9020.nc.gz 2028-12-03T23:27: 51GHT 10131629 gdx dds das info html rdf covison file vieners
oscar_vell9925.nc.gz 2028-12-83T23:24:026MT 19136122 ddx dds das info html rdf covison file viewers
oscar_vell3s,nc.gz 2028-12-83T23:33: 39GMT 18129691 ddx dds das info htel rcdf covjson file viewers
oscar_vell@@3s.nc, gz 2020-12-837T22:59: 44GNT 10888723 ¢dx dds das info html rdf covison file viewers
oscar_vel19049.nc. gz 2020-12-937T23:28:40GHT 10955706 ddx dds das info html rdf covison file viewers
oscar_vell08ds,.nc.gz 2028-12-83T23:23:@1GHT 18842496 ddx dds das info htel rdf covizon file viewers
oscar_yel10858.nc.gz 2028-12-83T23:03: 25GMT 19938327 ddx dds das info html rdf covison file viewers
oscar_yellB@ss.nc. gz 2028-12-83T23:38: 24GMT 18845851 ddx dds das info htel rdf covison file vigwers
oscar_velle86d,nc, gz 2029-12-83723:83: 54GHT 1ea74360 ¢dx dds das info html rdf covison file viewers
oscar_vell9965.nc. gz 2020-12-037T23:24: 23GMT 18053012 ddx dds das info html rdf covison file viewers
escar_vell0o71.nc. g2 2828-12-83723:22: 41647 18219957 ddx dds das info html rdf covison file vigwers
oscar_vellPe76.nc.gz 2020-12-03T23:33:99GHT 18050982 ¢dx dds das info html rdf covison file viewers
oscar_vel10681.nc. gz 2020-12-937T23:83:026HT 18096986 ddx dds das info html rdf covison file viewers
1 ~ 1A \ 5
Hinh 2.25 Dir liéu dong chay OSCAR
- e ~ ~ Yo A Py -
Buwdc 2: Giai ma dir liéu dong chay OSCAR
7
A
- Nhan lua chon 1 file
14
Vi du:
oscar_vel7204.nc.gz 2018-12-85T02: 26: 32GHT 9854498 ddx dds das info himl rdf covjson file vigwers
14
A A \ b)
Xuat hién man hinh:
& OPoNDAP Data Access Form for - X o = (a )
& C & podaac-opendap jplnasa.gov/opendap/hyras/allData/oscar/preview/Ld/oscar_third deg/oscar vel7204.ncgzhtml T BN o
Usld VE Us
Actions | Getas ASCII | | Get as CoverageJSON || Get as NetCDF 3 || Getas NetCDF 4 || Binary (DAP) Object | | Show Help

Data URL | https:/ip apendap jpl nasa ¥ b 4loscar_third_deg/ - vel7204.nc.gz time]0:1:0], year{0:1:0].depth{0:1:0] latitudef0: 1:480] Jongitudef:1: 1200]),u{0: |

Global * NC_GLOBAL
Attributes

Etime[ tme= 0..0] romaies
0:1:0

+ attributes

B year| vear=0 ..0] rm s
0:1:0
+ attributes
B depthl desth= 0 ..0] mwmsrenis
0:1:0
+ attributes
G latitude] woeude= 0 .. 4BD] o aseess
0:1:480
+ attributes
B longitude] knptude= 0 ..1200] o aseis
0:1:1200
+ attributes

By tme= 0 ..0] [ depth= 0 ..0] [ ltitude= 0 ..480] [ kegtude= 0 ..1200] (rid of Foats vabses)
0:1:0

0:1:0 0:1:480 0:1:1200
* attributes N
E2v[ tme= 0 ..0] [ depth= 0..0] [ lstrude= 0 ..480] [ ongete= 0 ..1200] (6 of st vaucs)
0:1:0 010 0:1:480 0:1:1200

- Tich @ vao time, year, depth, latitude, longitude, u, v va chon

Get as ASCII

Xuat hién man hinh:
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https//podasc-opendap jplnas. X + = (u ]

x i@ podaac-opendap jplnasa.gov/opendap/hyrax/allData/oscar/preview/Ld/oscar_third_deg/oscar_vel7204 nc.gzasciMime%580:1.0%50, year¥®580:1:0%50 depth. i B @
Dataset: oscar_vel7l8d.nc
time,
year, 2812.49
depth, 15
lltitudl Ea, 7’9 5655555666557 79,3333333233333, 79, 78 GEEEEEE66665T, T8, 33333!!333333, 78, ?'.l' EEGEG6E666667, 77.3333333333333, 77, 76 6666665666657, 76.3333333333333, 76,

7, 75, 74 7, 74.3333333333333, 74, 73 73.3333333333333, 73, 72. 666556666566? ?1 3333333333333, 72,

?1 K 7\ , 71, 78 , 78.3 . 78, 6. s " 69 69, 68 E
67.6666666666667, 67,3333333333333, 67, 66.6666666666667, 66,3333333333333, 66, 65 7, 65 65, 64, s 54 333333333333! €4,
63.6666666666667, 63.3333333333333, 63, 62.6666666666667, 62.3333333333333, 62, 61.6666666666667, 61.3333333333333, 61, 60. ., 68 3, €0,
59 s 59 3333, 59, 58 7, 58.3333333333333, 58, 57.GGG6GEGG66667, 57.3333133333313, 57, 56 s 58 3333, 56,
55 » 55.33333 . 55, 54 » B4, 54, 53. . 53 53, 52 » 52.33333 . 52,
51 s 51, . 51, 5@ . 5@. 5@, 49. . 49, 49, 48 s 48, . 48,
47 , 47 ., 47, 46 , 46. 45, 45. 7, 45 45, 44 , 44 . a4,
a3 , 43.3333 . 43, 42 . 42, s 42, 41, 7, 41 41, 48 . 48 48,
39. , 39 , 39, 38 38.3 38, 37. 7. 37 37, 36. , 36 , 38
55.6666666666667, 35,3333333333333, 35, 34.6666666666657, 34.3333333333333, 34, 33, 565666555666?. 33.3333333332333, 33, 32.6GGG666G666667, 32.3333333333333, 32,
an. » 31.23333 . 31, 30 . 3. 33, 3e, 29. 9 29, 28 » 28.33333 , 28,
27 » 27. . 27, 26 . 26. 26, 25. . 25. 25, 14 » 24, 24,
23 » 23, . 23, 12 » 22, 22, 2. . 21 1, @ s 20, . 20,
19 , 19 , 19, 18 , 18 18, 17. 7, 17 17, 16 , 16. , 18,
15. , 15 3333, 15, 14 L 14, 14, 13 7, 13 13, 12. . 12 12,
11.6666666666667, 11,3333333333333, 11, 10.6666666666667, 10.3333333333333, 189, 9. 7, 9.3333 9, B 334, 8,
7.66666666666667, 7.33333333333334, 7, 6, GGG66666666667, 6.33333333333334, 6, 5.65666666666667, S 33333333333324, 5, -l EEEGEEEEE6E66T, 4 3333333!333!54, 4 3, 66566666666667,
3. s 3, 2 7, 2.3 334, I, 1. 7, 1.33 . 1, @ 71, @. » @, -8.333333333333343,
-8, 1, -1, vx . 1. 67, -2, -2. , =2 , -3, -3, 333334, -3.666 , 8, -4, 7
-4 -5, -5 7, =6, -6 -6 . =7, 7. -7 7, -8, -8.
-8, 66655665655667 -5, -9 33!33333333334, -9.66666666666667, -10, -10. !3333!5333333 —18.5666665566657 -11, -11.3333333333333, -11 6666666666667, -12, -12,3333333333333
-12. , -13, -13.3 -13 67, -14, -14.3 -14 7, -15, -15.3333333333333, -15.6 , -16, -16. .
-16. . 17, -17. -17. 7, -18, -18. 33, -18 . =19, -19. -19 . -20, -20. »
-0, . =21, =21, =21, 67, -22, -22 =22 7, =13, -23. » =23.666 . =24, -24, "
-24. , =25, =25 -25 67, -26, -26 -26. , =27, =27. , =27.666 , =28, -28
-28. 7, =29, =28 =29 , =38, =38, =38 7, =31, =31 . =31.666 , =32, -32
-32. 7, -33, -33.33 -33 7, -34, -34.3333333333333, -34.6666666666667, -35, -35.33333 . ~35.5 ., =36, -36, .
-365.6666666666667, -37, -37.3333333333333, -37.6666666666667, -38, -38.3333333333333, -3B.666666656666567, -39, -39.3333333333323, -30.6666566666667, -40, -40,3333333333333,
-40.GEE5656666667, -41, -41.3333333333233, -41.G666666666667, -42, -42.3333333333333, -42.6665666666667, -43, -43. 3333!33!33333, -43.666 7, -44, -44 .
-44. , 45, -45.3333 -45 67, -46, -46.3333333333333, -46 , -47, -47. -47 . -48, -48.33333 4

- Copy toan bd dir li¢u & trang man hinh nay va paste vao Text Document

(dat tén: oscar 17024)

] *New Text Document - Notepad - m] X

File Edit Format View Help
67667478145081, ©.21509058749786, ©.330102072566794, ©.326616498685961, ©.1082268588596091, -©.337890678638656, -0.668226392! »
322257, ©.8645131402322252, ©.8953824843325388, ©.8566591441978582, ©.0279825852882453, @.112662577413446, ©.27344702828842
89392553203, ©.8887727104343752, ©.8554494251478237, ©.@372777199434335, ©.125183658455177, ©.210614889279982, ©.1985947249
23824, ©.0280507575663839, ©.8811039573896688, ©.0B833571353801171, ©.6775478762366698, ©.0281872869453176, -0.8699738576219
54848133151, ©.16178325656889, ©.1316087797034916, ©.118480491575643, ©.8636112534594895, -8.127637283883622, -0.323476501641
, ©.8655213800490367, -0.837854765441014, -0.0892028927929489, -8.061722712005194, -0.00208674744130915, ©.813916672685656,
9586, ©.127711557959358, ©.133670384306661, ©.111787450468892, ©.8640580869468843, ©.0176270486348902, ©.0222102148294974,
3753822, ©.877439100978364, ©.0987154132842306, ©.8849387586523933, 9.0627803687184663, ©.0382003793023074, ©.0126031611292
19483338069, ©.8182770229111054, ©.8981599523382025, ©.13881115002532, ©.094381923829096, ©.8523722097369683, ©.03265582714
17867, ©.8579871739285069, ©.0794979324769261, ©.073471523116269, ©.8226199058367983, -8.0299131417486656, -0.0385324648176
, -8.116474329776164, ©.8466692385060575, ©.240454248901567, ©.269830187354586, ©.112179641788728, -0.8511234957343939, -0.
©0.8516170264445261, ©.0608445999651418, ©.0400121614989547, ©.011573106445522, ©.00247359338704546, ©.0256736127065289, 0.0
©.8227201985447295, ©.00444233768304924, -0.000188916565960116, ©.00122866781489109, -0.0108392589051333, -0.02821531775201
©.8413417161941678, ©.0348877094856054, ©.0055306794224295, -0.0214201672372431, -0.0293211049178923, -0.00874263581734092,
438283776784, ©.106351899819426, ©.0631870209694665, ©.8206069560496958, ©.80314833918723834, ©.80844755863859018, ©.827149
5, ©.126315186438916, ©.171591448858694, ©.186494762695468, -9.8206561472083779, -0.127826676518835, -8.172311173293199, -8.
v.v[v.time=7284][v.depth=15][v.latitude=-53], -8.0431546985665127, -©.0354311674185675, -0.0287959968742817, -©.81853471476
©.8495118425280448, ©.0754040034194079, ©.065844129153614, @.000711565754079436, -0.06542502235017e5, -0.08185598320641e8,
7537, -©.9538937138699307, -0.0298388565491437, -0.0141884567527941, -0.8118872149380141, -0.00450059739766229, B.829653258
0971598, ©.129760000140725, ©.12476746985807, ©.8976725014892091, ©.8679908796442147, ©.8327126337743388, -0.00964378228169.
9993085381, -©.112155837981234, -8.285338527295492, -0.154355794340192, -0.8432316196542317, ©.8344351944889137, ©.83168976
.8476537668357845, -8.845717055176145, -8.8763111531359714, -@.8428558530012788, ©.8236139457683128, ©.111153464218433, 8.1
3652597404389, -0.138516288326204, -0.8414476873381324, ©.8588788639255661, ©.168040805818201, ©.252797508567428, ©.2294164
, ©.9764962220357984, ©.0612458665080794, ©.8645288065347737, ©.0809363190127623, ©.120866566642134, ©.177157109€17172,|

- Giai ma dir li¢u dong chay OSCAR “DECODE RISH _OSCAR DATA”
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okl WEATHER FILE EXTRACT and FORMAT - 0 X

- Lua chon “Select Oscar Current File”

| # WEATHER FILE EXTRACT and FORMAT = i
8 GRIB2 RISH FILE READER - and - OSCAR CURRENT DATA FORMATTING X
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- Lua chon file: oscar 17024

| » MrSpecial > Local Disk (D) » RISH_OSCAR > DatabaseGreenShip > RISH_OSCAR Files > OSCAR

~

Name

oscar 17204

Date modified

10/12/2020 9:59 PM

Type

- Két qua dir liéu giai ma dugc luu trit trong thu muc

Text Document

Data Saved At

D:\RISH_OSCAR\DatabaseGreen Ship\DECODED_RISH_OSCAR_Data\Cument

55 WIND-WAVE MESSEGES SAVED

A

3] P Search OSCAR
Size

14,792 KB

Data Saved At

Local Disk (D:) » DatabaseGreenShip > DECODED_RISH_OSCAR _Data » Current

Name =

8. current_202011160000_202011160000
8 current_202011210000_202011210000
8. current_202011260000_202011260000
8. current_202012010000_202012010000
@ current_202012060000_202012060000

D:\RISH_OSCAR'\Database(GreenShip\DECODED_RISH_OSCAR_Data\Cument

Date modified

12/12/2020 10:55 AM
12/12/2020 10:56 AM
12/12/2020 10:56 AM
12/12/2020 10:56 AM
12/12/2020 10:56 AM

v

Type

Microsoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...

Microsoft Excel Com...

9]

Size

P Search Current

23,574 KB
32,526 KB
26,390 KB
28,043 KB
41,399 KB

Hinh 2.26 Két qua giai ma dir liéu dong chay OSCAR tir ngay 16/11/2020 dén

ngay 06/12/2020
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Lan luot chon cac file dir li

thu muc tuong trng: Wind

5 WEATHER DATA

2.5.1. Tao file dir li€u
. s WEATHER FILE EXTRACT and FORMAT
DECODE

2.5. Tao va
duwong va k

J4

cac



y lua chon céc file dir li¢u gid, song, dong chdy trong cung ngay hodc khoang thoi
gian gan nhau.

= = BVYT,

u&! SELECT THE WIND DATA FILE! X
L « DatabaseGreenShip » DECODED_RISH_OSCAR_Data v O Search DECODED_RISH_O
Organize v New folder == w i | 0
£ Name - Date modified Type Size
# Quick access

Current File folder
B Mr Special Wave File folder
I Desktop Wind File folder

Hinh 2.28 Lua chon dit liéu gio, song, dong chay da duoc giai ma dé tao file
thoi tiét tong hop
- Céc file thoi tiét té)ng hop tao ra sé dugc luu trit phuc vu cho budc Upload

dir liéu thoi tiét tiép theo

Local Disk (D) » DatabaseGreenShip » WeatherForUpload v D O Search WeatherForUpload
Name Date modified Type Size
w_202011200000_202011200000 12/12/2020 11:59 AM File 5482 KB
w_202011210000_202011210000 12/12/2020 12:00 PM File 6,206 KB
| w_202011220000_202011220000 12/12/2020 12:01 PM File 6,201 KB
| w_202011230000_202011230000 12/12 12:02 PM File 6,202 KB
| w_202011240000_202011240000 12/12/2020 12:03 PM File 6,209 KB
| w_202011250000_202011250000 12/12/2020 12:03 PM File 5,629 KB
w_202011260000_202011260000 12/12/2020 12:04 PM File 5751 KB
| w_202011270000_202011270000 12/12/2020 12:05 PM File 5751 KB
w_202011280000_202011280000 12/12/2020 12:06 PM File 5748 KB
| w_202011290000_202011290000 12/12/2020 12:06 PM File 5,749 KB
w_202011300000_202011300000 12/12/2020 12:07 PM File 5,748 KB
| w_202012010000_202012010000 12/12/2020 12:08 File 5893 KB
w_202012020000_202012020000 12/12/2020 12:08 PM File 5891 KB
| w_202012030000_202012030000 12/12/2020 12:09 PM File 5,892 KB
w_202012040000_202012040000 12/12/2020 12:10 PM File 5,890 KB

w_202012050000_202012050000
w_202012060000_202012060000

2/2020 12:10 PM File
2/12/2020 12:11 PM File

Hinh 2.29 File thoi tiét tong hop cua timg ngay tir 20/11/2020 dén 06/12/2020
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2.5.2. Upload file dir li¢u thoi tiét tong hop

- Chon Module

GREEN SHIPPING DATABASE | =58 - - o
a5 CREATE/UPDATE WEATHER TABLES

Limit LatLon (Bottom-Ledt) 70

Limit LatLon (Top-Right) 70

Table Span dLatidLon 20

Number of Tables
Create Weather Tables
Upload Weather Data

|

Hinh 2.30 Giao di¢n chuong trinh khi lya chon chirc nang Upload Weather Data

- Lua chon file dé upload
Lan luot lua chon cac file thoi tiét téng hop da duoc tao Hinh 2.19 dé
Upload. Qua trinh upload dit liéu thoi tiét s& mét thoi gian va chuong trinh s&

thong bao khi upload dit liéu thoi tiét thanh cong.
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SELECT WEATHER FILE TO UPLOAD

Select File I [D:WW%\WMWM_NZN 2060000_202012060000

—— Selected Weather File information ——
Total Weather Point Read: 197262
Time of Forecast: 202012060000

Hinh 2.31 Lua chon file thoi tiét tong hop ngay 06/12/2020 dé upload

GREEN SHIPPING DATABASE

Select Fle D:\DatabaseGreenShip\WeatherForUpload'w_202012060000_202012060000

—— Selected Weather File information ——
Total Weather Pont Read: 19726
Time of Forecast: 202012060000
— Uploading

DataTranferApp X

Weather Data Updated Successtully!

| .
- -
T

Hinh 2.32 Dir liéu thoi tiét tong hop ngay 06/12/2020 dugc upload thanh cong
Thyc hién quy trinh thu thép va xu ly dir li¢u thoi tiét song, gid cua Rish;
dong chay cua Oscar, ta s& co duoc ngudn dir liéu thoi tiét phuc vu tinh toan ké

hoach chay tau téi vu.
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2.6. Két luan chwong 2

Muc tiéu nghién ciru trong tim ma NCS dit ra trong chuong 2 1a tong hop
dugc thong tin thoi tiét phuc vu tinh toan tuyén dudng va ké hoach chay tau tdi
uu.

Két thuc chuwong 2, NCS dat duogc cac két qua nghién ctru quan trong:

- Lam chu dugc ban tin song toan céu, ban tin gid toan cu duoc ma hoa
theo dinh dang Grib 2 tir co so dit liéu cua Vién nghién ctru phét trién bén ving
khi quyén nhan loai thudc DPai hoc Kyoto, Nhat Ban (Rish — Research Institute for
Sustainable Humanoshere);

- Lam chu dugc dir liéu dong chay toan ciu dugc ma héa theo dinh dang
netCDF (Format Network Common Data Form) tir co s& da li¢u cia Du an nghién
ctru, phan tich dong chay dai duong theo thoi gian thuc (Oscar — Ocean Surface
Current Analysis Real Time) thudc phong thi nghiém sitc ddy phan luc (Jet
Propulsion Laboratory Physical Oceanography), Vién cong ngh¢ California (Vién
quan 1y cac du an ctia co quan hang khong vii tru My);

Trén co s& d6 tao duge cac file dit liéu thoi tiét téng hop phuc vu tinh toan

tuyén duong va ké hoach chay tau ti wu nhién liéu.
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CHUONG 3: TONG HQP, PHAN TiCH PAC TiNH THAY POI TOC PO
VA PAC TiNH TIEU THU NHIEN LIEU CUA TAU BIEN TRONG
TUNG PIEU KIEN HANH HAI CU THE BANG PHUONG PHAP BiNH
PHUONG NHO NHAT PHUC VU TiNH TOAN TUYEN PUONG
VA KE HOACH CHAY TAU TOI UU

Trong chuong nay, NCS nghién ciru dic tinh thay do6i tbc do va dic tinh
tiéu thu nhién liéu cta tau bién trong timg diéu kién hanh hai cy thé.

NCS xem xét diéu kién hanh hai cu thé & day chinh la diéu kién song, giod,
dong chay tuong tng v6i rpm, draft, trim nhat dinh anh hudng téi téc ¢ va mirc
tiéu hao nhién liéu cua tau bién, trong do:

- Vi yéu t6 séng gdbm: Hudng song va do cao séng (m);

- Vi yéu t6 gi6 gdbm: Tdc do gio (Knots) va hudng giod; va

- Vi yéu t6 dong chay: Huéng dong;

-RPM _ Revolutions Per Minute (Vong/phut) chinh 13 s vong quay chan
vit (hay ché d6 may);

- Draft: Mén nudc tau (m);

- Trim: Hiéu sé6 mén nudc cia tau (m).

Pong thoi, NCS tng dung phuong phéap binh phuong nho nhat dé xac dinh
dic tinh thay doi toc do va dic tinh tiéu thu nhién liéu tau bién trong timg diéu
kién hanh hai cy thé.

Ngoai ra, NCS xdy dung phan mém tong hop, phan tich dic tinh thay d6i
téc d6 va dic tinh tiéu thu nhién lidu tau bién trong timg diéu kién hanh hai cu thé
phuc vu tinh toan tuyén duong va ké hoach chay tau tbi uu.

3.1. Pic tinh thay d6i toc dd tau bién trong tirng diéu Kkién hanh hai cu thé
[17]

Dic tinh thay d6i toc do tau bién trong timg diéu kién hanh hai cu thé thé

no6i 1én kha ning "thich img" cuia tau bién khi c6 anh huéng ciia cac yéu to thoi

ti€t tng v&i rpm, draft va trim cu thé cua tau bién.
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Bing cach liét ké, ghi lai két qua (ghi chép dir liéu ddng nhit dira trén cac
thong tin dugc 14y tir cac Nhat ky tau nhu nhat ky budng 1ai, nhat ky boong _ may,
nhat ky budng may, ... va cc ban ghi chinh thirc khac trén tau), NCS xiy dung
bd co so dir liéu dic tinh thay d6i toc do tau bién trong ting diéu kién hanh hai cu
thé.

Dt liéu ghi lai dugc 1ap thanh bang ¢6 dang nhu sau:

Béang 3.1 Mau bang ghi lai dit liéu déc tinh thay doi toc do tau bién trong ting

diéu kién hanh hai cu thé

Wind/Gié Wave/Song Current| Trim Draft RPM |SPD (kts)

No/S /Ngay /Gid :
” TTJDate #AY| HouriCHy (deg/kts) (deg/m) (deg) (m) (m) (V/P) | Tocdj

1]

2|

3|

Trén thyc t&, NCS bo qua anh hudng cua song va dong chay, chi xét anh
huong cia yéu tb gié (véi hudng gioé va tde do gio thay doi), vi du: gié nguoc, gio
vat (Hudng gi6 tao véi hudng tau 1 goc 159, 309, 45°, 60°), gid ngang va gid xudi.

Véi cach 1am nhu trén, NCS hudng td1 muc tiéu ap dung duoc cho bat ky
mot con tau cua mdt cong ty nao.

3.2. Pic tinh tiéu thu nhién li¢u ciia tau bién trong tirng diéu kién hanh hai
cu thé [7]

Mirc tiéu thu nhién liéu FC (Fuel Consumption) dugc xac dinh bang lugng
nhién liéu may chinh va cic may phu bao gdm ca ndi hoi va cac 10 dét rac trén
bién va trong cang cho 1 chuyén di hoac mot khoang thoi gian xem xét (vi du mot
ngay).

Mrc tiéu thu nhién liéu tau bién 1a mot dai luong phy thudc vao cac yéu tb
huéng gio, tbe do gio, hudng song, d6 cao séng, trim, draft va rpm.

Dé xac dinh dugc muc tiéu thy nhién liéu tau bién trong mot khoang thoi
gian xem xét (vi du trong mot chuyén di) thi phuong phap t6i wu truyén thong
thudng xuyén duoc st dung trén tau bién 13 phuong phap ghi dit liéu dong nhét.

Phuong phap thu thap dit liéu: Theo NCS danh gia phuong phap ti wu nhat

duoc st dung ¢ day chinh 1a str dung bang biéu, liét ke, ghi chép dir liéu dong
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nhat dua trén cac thong tin duoc ldy tir cac Nhat ky tau nhu nhat ky budng lai,
nhat ky boong _ may, nhat ky budng may, nhat ky nhan dau, ... va cac ban ghi
chinh thtrc khac trén tau.
Dt liéu ghi lai dugc 1ap thanh bang ¢6 dang nhu sau:
Bang 3.2 Mau bang ghi lai dit liéu didc tinh tiéu thu nhién liéu cua tau bién trong
tirng diéu kién hanh hai cy thé

Fuel [t] Fuel (1)
(HFO) (Diesel/ Gas Oil

No Date/ Ngay ... Gim.]‘ Tinh trang hoat djng

Khéi lwgng hang chuyén ché Khoang cich hanh trinh |

T

Py

3
el

Véi cach 1am nhu trén, NCS hudng t6i muyc tiéu ap dung duoc cho bat ky

mot con tau nao.

3.3.X4c dinh dic tinh thay d6i tc d va tiéu thu nhién liéu caia tau bién trong
tirng diéu kién hanh hai cu thé bang phwong phap binh phwong nhé nhit
3.3.1. Phwong phap binh phwong nhé nhat [9, 14, 37, 38]

Phuong phap binh phuong nho nhét 14 phuong phap duogc str dung rong rai
nhét dé x4c dinh céc thong s6 cia mot md hinh hay céc gia tri chua biét khac dua
trén mot tap hop cac két qua quan trac hoic do dac.

Muc tiéu ctia phuong phap nay 13 tinh mot bo gia tri gan dung cho cac tham
s6 (hé s6) ciia mot ham sao cho gia tri ham phu hop véi cac gia tri quan tric nhat.
Gia str ¢c6 ham f(x) vdi1 bd cac hé s6 0 (cﬁn xac dinh), hay c6 thé viét:

y=f(0,x)v6i0 =1[04,0,,....,0,] (3.1)

Béng cac quan tric, ta xac dinh duge mot tap hop cac gia tri d4u ra ciia ham
g véi cac gia tri ddu vao tuong tng la:

(1 x1), V2, %2), (¥3, X3), o) (P X)) VO > M (3.2)

Pay 1 bai toan v6i sé phuong trinh nhiéu hon s6 4n. Tuy nhién, trong cac

phép do luon tdn tai sai sO nén khong thé xéac dinh dugc bo hé sd 0 duy nhit.

Ung véi bd hé sd (tham sb) 0, ta c6:
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y1—f(0,x) =1
Y2 — f(02,x3) = 1y (3.3)
Yn = f(On,xn) =13

Véi R = (ry,15,73,,1;,) 12 cac sai s6 du hay 1a cac sai léch cua ham
f(6,x) so voi gia tri quan sat.

Tadit: S(0) = X1, 1/ (3.4)

(4) 14 téng binh phuong céc sai léch. Nhiém vu dit ra trong bai toan binh
phuong nho nhét 13 xac dinh vec-to 8* sao cho tong nay nho nht.

S(0) = minS(0) hay 6" = argmingS(6™) (3.5)

Minh hoa tmg dung ctia mot bai toan binh phuong nho nhét trong viée xac
dinh vi tri tdu bang cach do phuong vi téi cac muc tiéu bo: Khi thuc hién do
phuong vi tdi nhiéu hon 2 muc tiéu va thao tac trén hai dd, ta duge céac duong
thang (duong phuong vi) trén hai d6. Tuy nhién, khi c6 sai s6 tac dong, cac dudong
vi tri khéng dong quy.

Khi d6, vi trf tin cdy nhit cta tau 13 vi tri phu hop nhat (best fit) véi cac
duong vi tri, hay 13 vi tri ing v6i téng binh phuong khoang cach con lai dén céac
dudng vi tri 1a nho nhét. Bai toan binh phuong nho nhat gitip ta tinh duoc vi tri
nay.

3.3.2. Ung dung phwong phap binh phwong nhé nhat xic dinh dic tinh toc
d6 va dic tinh tiéu thu nhién liéu cla tau bién trong tirng diéu kién hanh hai
cu thé [17]

3.3.2.1. Ung dung phwong phap binh phwong nhé nhat xac dinh dic tinh toc
dd tau bién trong tirng diéu kién hanh hai cu thé

Bang phuong phap ghi dir liéu thong nhat, NCS ghi lai cac két qua thé hién
moi lién hé toc do tau (V) va cac yéu té hudng song, do cao song, hudng gid, toc

do gio, draft, trim va rpm theo bang sau:
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Bang 3.3 Mau bang ghi lai tde d6 tau trong tung diéu kién hanh hai cu thé

STT Ngay Gidr Gid Song Trim Draft RPM )
Deg Kts Deg m m m Vong/phut Toc d6 tau
v
1 Dec 1 12.00 Wigy Wit Wai Wt Ty Dy Rpmy Vi
2 Dec22 06.00 Wiaz Wi Wa Wha T D, Rpm; Vi
n e e Widg Wisg Wi Wha Te D, Rpmg Ve

Tir bang trén, ta thdy mdi lién hé ham sb gitra toc d6 tau (V) va cac yéu td
huéng song, o cao song, hudng gio, toe do giod, draft, trim va rpm duoc thé hién
nhu sau:

Vi =a,D; + a. Ty + a;rpmy + aywiqq + ayWigq + awgq + ayWpy
V, =a,D, + a,T, + a,rpm, + c.l.z.wl-dz + a,Wig, + a,wy, + a,wy, (3.6)
V, = a,D, +a,T, + a,rpm, + a,W;gn, + QyWisn + AnWgqn + QnWnn

Trong do:

D;: Mén nuée tau tai thoi diém quan tric thi i;

Ti: PO chii cta tau tai thoi diém quan trac thir i

rpmi: SO vong quay chén vit tai thoi diém quan tric thi i;

Wiai: Huéng gi tai tai thoi diém quan trac thi i;

Wisi: Toc do gi6 tai thoi diém quan trac thu i;

Wai: Huéng song tai thoi diém quan tric thu i;

Wii: DO cao song tai thoi diém quan trac thu i;

a;i: Hé s6 tai thoi diém quan trac thiri (i= 1 = n).

Thuc té, tai moi thoi diém quan trac th i ludn ton tai mQt lugng sai ) di,
tuc la:

Vi =a;D; + a, Ty + ayrpm; + a,wiyq + a1 Wis1 + AWy, + awp + d;
Vy =a,D, + a,T, + a,rpm, + a,Wigy + QuWigy + aaWay + aywy, +d, 3.7)
V' =a,D, +a,T, + a,rpm, + a,Wign + QuWisn + QnWa, + ayWh, + dy,

Xét ham s6:

f=0=V)?+ Vo= V)2 4+ (= )2 3.8)

Muc tiéu cua thuét toan binh phuong nho nhat nham xac dinh cac hé so a;

sao cho tong binh phuong ctia cac sai s0 ndi trén 1a bé nhat, tic la:
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f'la) =0
f'(a) =0 (3.9)
f'(an) =0
Giai hé phuong trinh (3.9) ta tim dugc bo hé s6 a; (i = 1+n), trong d6 n 1a
s6 1an quan trac thyc té.
3.3.2.2. Ung dung phwong phép binh phwong nhé nhit xac dinh diic tinh tiéu
thu nhién liéu tau bién trong tirng diéu kién hanh hai cu thé
Thong qua phuong phap ghi dir liéu dong nhat, NCS ghi lai két qua thé hién
mdi lién hé gitra mirc tiéu thy nhién liéu (FC) va cac yéu té huéng séng, do cao
song, hudng gio, toc do gid, draft, trim va rpm theo bang sau:

Bang 3.4 MAu bang ghi lai két murc tiéu thy nhién liéu cua tau bién trong timg
di€u ki€n hanh hai cu thé

STT Ngay Gio Gio Séng Trim Draft RPM
Deg Kits Deg m m m Vong/phut FC
| Dec 1% 12.00 Wia Wi War Whi T, Dy Rpmy FC
2 Dec22d 06.00 Wig Wiz War Wi T: D Rpm; FC;
n e oy Wiga Wi Waa Wik Ta Dy Rpmg FC,

Tir bang trén, ta thdy mdi lién hé ham sb giita muc tiéu thu nhién liéu cia
tau (FC) va cac yéu td hudng song, dd cao song, hudng gio, toc do gio, draft, trim
va rpm duogc thé hién nhu sau:

FC; = ayD; + a4 Ty + ayrpmy + a1wigq + aWis1 + AWy + aqwpy
FC, = a,D, + a,T, + a,rpm, + a,Wig, + Wi, + aaWap + AWy, (3.10)
FC, = a,D, + a,T, + a,rpm,, + a,W;4, + AyWisn + AnWan, + AnWhn

Trong do:

Di: Mén nudc tau tai thoi diém quan trac thi i;

Ti: D6 chiii clia tau tai thoi diém quan trac thi i;

rpmi: S6 vong quay chan vit tai thoi diém quan tric thi i;

Wiai: Hudng gi tai tai thoi diém quan trac thi i;

Wisi: Toc do gi6 tai thoi diém quan trac thu i;

Wai. Huéng song tai thoi diém quan tric thi i;

Whi: Do cao song tai thoi diém quan trac thu i;
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ai: Hé s6 tai thoi diém quan trac thiri (i=1 = n).
Thuc té, tai mdi thoi diém quan trac thir i ludn ton tai mot lugng sai s6 1,
tuc la:
FC;{ =a,D; + a, Ty + ayrpm; + a;wigq + aWisy + Wy + Wy + 13
FC; = a,D, + a,Ty, + arpm, + a,wigy + aaWigy + aaWyy + AWy, + 15 3.11)
FC, = a,D, + a, T, + a,rpm,, + a,Wign + QnWisn + QnWan + QuWhy + 1,
Xét ham sb:
f=(FC,—FC})?+ (FC, — FC3)? + -+ (FC, — FC;,)? (3.12)

Muc ti€u cua thuat toan binh phuong nho nhat nham xac dinh cac hé s6 a; sao cho
tong binh phuong cua cac sai s0 noi trén 1a bé nhat, tirc la:

f'(a)) =0
f(a2) =0 (3.13)
f'(an) =0

Giai hé phuong trinh (3.13) ta tim dugc bo hé sb ai (i = 1+n), trong d6 n 1a

s0 1an quan trac thyc te.

3.4. Phan mém va mé hinh tong hop, phén tich dic tinh thay ddi toc do va
diic tinh tiéu thu nhién liéu ciia tau bién trong tirng diéu kién hanh hai cu thé
phuc vu tinh toan tuyén dwong va ké hoach chay tau téi wu [17]

3.4.1. Tong quan vé phin mém

Trong qué trinh hanh hai, viéc theo ddi, danh gia dac tinh thay doi toc do
va dic tinh tiéu thu nhién liéu cua tau bién trong mdi diéu kién hanh hai nhat dinh
s& gitip nguodi S§ quan hang hai dwa ra nhimg phuong an t6i wu cho hoat dong va
an toan cua tau trong sudt thoi gian hanh trinh.

Ung dung phuong phap binh phuwong nhé nhat, két hop véi ngon ngir lap
trinh Visual Basic 2010, NCS tién hanh x4y dyng phan mém Quan 1y hoat dong
d6i tau “Vessel Fleet Manager” véi cac chtc nang chu yéu sau:

- Téng hop, phan tich dic tinh thay ddi toc do tau bién trong timg diéu kién

hanh hai cu thé;
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- Tong hop, phan tich dic tinh tiéu thu nhién liéu tau bién trong timg diéu
kién hanh hai cu thé.

Phan mém c6 giao dién chinh nhu sau:

Hinh 3.1 Giao dién ding nhap phan mém quan 1y hoat dong doi tau “Vessel
Fleet Manager”
* Pang nhap phan mém quén 1y hoat dong doi tau “Vessel Fleet Manager”

- Lua chon: Doi tau (Fleet), Username va Password dé dang nhap

®

Hinh 3.2 Giao dién phan mém khi ding nhap
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AnPhu Marine Solution - Tel. 0968882299

Hinh 3.3 Giao dién phan mém sau khi ding nhap
- Gid su lya chon: Tau (MV Gas Nirvana — (IMO-9140607))

Vessel Plan Maintenance Manager
Vessel Documents Manager
Vessel Bunkering Manager

Vessel Voyage Manager

Vessel Speed Performance Manager

Vessel Route Calculator

AnPhu Marine Solution - Tel. 0968882299

Hinh 3.4 Giao dién phﬁn mém sau khi d3 lya chon tau MV Gas Nirvana

(IMO - 9140607)
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3.4.2. Quy trinh quan ly thong tin vé diic tinh thay doi toc dd tau bién trong
tirng diéu kién hanh hai cu thé
Budéc 1: Piing nhap phan mém quan ly ddi tau “Vessel Fleet Manager”

- Lua chon: Déi tau (Fleet), Username va Password dé dang nhap, vi du:

N i

Hinh 3.5 DPang nhap phdn mém quan 1y hoat dong ddi tau
- Vi du lya chon: Tau (MV Gas Nirvana — (IMO-9140607)) va “Vessel

Speed Performance Manager” dé nhap liéu

Select Vessel MV Gas Nirvana - (IMO - 9140607 v

Vessel Speed Performance Manager Enter/Vao I

Hinh 3.6 Lya chon tau MV Gas Nirvana — (IMO - 91400607) va Vessel Speed
Performance Manager
Budc 2: Nhap dir li€u
NCS tién hanh nhap dir liéu dé ghi lai dic tinh thay doi téc d6 cua tau bién

trong ting diéu kién hanh hai cu thé.
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|li'vtssamomcmcmus X

| oge0

Month/Thang 12 | YearNam (2020 v Son/Fleport
Dran
Date/ Hour! Wind Gié Wave/Song Trim/ RPW Spd[kisy Fuel[T)y Safe_index/
Norst Nody o degias] [degm] o | m Tocdd  Nnénblu  ChsoAT  CWkTe  CkTo
R T [oe 1 a1 I (7 2 ? | CwgeSh D
2 w1222 oo E] [on |03 [s7 |12 123 2 1 | OwgeSh  Delite
3 12200 0 wis 7] 08 7 P n 2 7 Cunge/Sla  Deiia

Hinh 3.7 Giao dién phﬁn mém sau khi lua chon tau

(MV Gas Nirvana — (IMO-9140607)) va “Vessel Speed Performance

Manager” dé nhap liéu

3.4.3. Quy trinh quan ly thong tin vé diic tinh tiéu thu nhién li¢u ciia tau bién
trong tirng diéu kién hanh hai cu thé

Tuong tu muyc 3.4.2, NCS 1an luot tién hanh cac bude sau:

Buéc 1: Piing nhap phan mém quan ly ddi tau “Vessel Fleet Manager”

- Lwa chon: Doi tau (Fleet), Username va Password dé dang nhap;

- Vi du lya chon: Tau (MV Gas Nirvana — (IMO-9140607)), “Vessel
Voyage Manager” va “Vessel Bunkering Manager” dé nhap liéu

'Vessel Voyage Manager EnterVao I

;Vossel Bunkering Manager .. EnterVao I
Hinh 3.8 Lya chon tau MV Gas Nirvana — (IMO - 91400607), “Vessel Voyage
Manager” va “Vessel Bunkering Manager”
Budc 2: Nhap dir liéu
* Nhap dir liéu quén 1y chuyén hanh trinh
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- Sau khi lya chon

phan mém c6 dang nhu sau:

Vessel Voyage Manager

Enter/Vao

_I giao dién

& VOVAGE LOGS
O800
YearNam  [2020 -] SumFlepot
Voy Codel Distance[NM)
Departure/ From Arrivall Tol C
Ngay dén Cang dén Cang ghé mﬂﬁ' Tinh trang Ghi chid Click To  Click To

Hinh 3.9 Giao dién phan mém sau khi lira chon “Vessel Voyage Manager”

2800

YeaNdm [mw2 |

- Nhap dir liéu cac chuyén hanh trinh theo thuc té, vi du:

Sum. Fepon

Click To  Click To.

Hinh 3.10 Giao dién phan mém khi nhép dit liéu chuyén hanh trinh

o VOYAGE LOGS
D806
VoyCode!  parturel From Arrivall Tol Pasy/ Distance(NMY ¢ siiions Remarks/
i Ngdy di Cing @i Ngiydén  Cingdén  Cing ghé Guind  Tinh trgng Ghi chi Cllek T |:/Cliok To
: bt B i o N i e AN HePey WA = i [ ngeSis | Dels |
= oG [y | e (122N  Honglong = WA aL.] WA 153 ngeSia Delss |
3 voy2002 | 1N5200  S¥Gn | 1211872020 Hi Phing |NA |1050 NA _[:m Thange/Sia | Deli¥éa |
HaPning 127102020 S Gén NA 1100 NA |2 unge/Sda | DelXéa |

| 128200

Hinh 3.11 Dir liéu cac chuyén hanh trinh sau khi nhap dugc luu lai

Luu ¥: Qua trinh nhap dit liéu néu bi sai/ nham 13n co thé sira lai/ x6a bo

dir liéu (néu can).

Bang cach lam nay, ching ta s& quan 1y duoc dit liéu cac chuyén hanh trinh.
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* Nhép dit liéu quan 1y nhién liéu cho mdi chuyén hanh trinh

. Vessel Bunkering Manager EnterVao I . n
- Sau khi lya chon i giao dién

phan mém c6 dang nhu sau:

9806
YoarNm (2020 < Sum/Flepon
NolStt  BillNol S6 HD Date! Mgy %ﬂh s"”:ﬂc"“ PIC Gidm st rwhmm;:mmﬂp Remark Ghi chii CickTo  ClickTo
1 bk 20150006 [77287200 ™ Creste for test ™ | et
2 BUNKER DETAIL
3
: Property/Théng sé Value/Glé tri
BillCode/Ma bnk20201205
Date/Ngay [mm/dd/yyyy] - 22M1212020

Supplier’Bon vi cung (g
Place/Noi cung irng
PIC/Nguwé glam sit
Remark/Ghi chi

Wgt-KU Type-Loai Dio LFO HFO Buthan P LNG Ethan Methan
Existing\Hién cé (] 0 0 o o [} o 0
Bunkering\Nhin thém [} 0 0 0 0 [] ] 0
I ox | G

Hinh 3.12 Giao dién phan mém khi nhép dit liéu quan 1y nhién liéu cho mdi
chuyén hanh trinh
- Nhap dit liéu quan 1y nhién liéu tau ctia moi chuyén hanh trinh theo thuc

té, vi du nhu sau:

s BUNKER LOGS

D806
YearNam !2020 w Sum/Raport

Place! Bia Supplier’ Cung Fuel Bunker (Left) / Nhién liéu biép Z

NoiStt BillNo/ 56 HB Date! Ngay e cip PICI Gidm sist ‘hém (Dv) Remarkl Ghi chi CickTo  ClickTo
1 k20150008 7232020 = | Create fortent |ren | [tet | Crange/Sia | Deliéa
2 bk 20201201 | 1262020 | Hi Préng |Pvod |2E | DO: 5060} - LFO: 1500 E | Cange/Sla  Delia
3 k20201202 12102020 |58Gin | Opec Suppher |2E |DO- 500} - LFO: 1300 WA | Crange/Sla  Delia
4 |brk20201203 | 12192020 | Hit Phéng | Nam Todu Suppher | 2E |LFO: 100 |2 | Charge/Sla  Delités
5 bk 20201204 12252020 HongHong HK Suppher |2E DO: 5060) - LFO: 11060} 2 Crange/Sia  Delida

T
Hinh 3.13 Vi du dit li€u quan ly nhién li¢u mdi chuyén hanh trinh duoc Iuu lai
theo thuc té
Luu y: Qué trinh nhép dir li¢u néu bi sai/ nhadm 13n c6 thé stra lai/ x6a bod

dir liéu (néu can).
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3.4.4. Mot s6 két qua tong hop, phén tich [17]

NCS lya Vch(_)n tau MV Gas Nirvana — (IMOW No. 9140607)) thudc doi tau
cong ty Opec dé theo doi, phan tich dac tinh thay do6i1 toc do va ti€u thu nhién liéu

trong timg trudng hop cu thé.

Select Vessel

Vessel Speed Performance Manager

5_ Gas Nirvana - (IMO - 9140607)

Enter/Vao

Hinh 3.14 Lya chon MV Gas Nirvana dé ghi nhan dit liéu

W VESSEL PERFORMANCE RECORDS
2800
MonthyThang |l YeatNam 2020 S Flepast
s R — R - A A R
nw (128 &1 i1 KT n Crarge S0 Danda
2 200 &1 2 176 % Chunge/S0s Del%a
3 o 24 & Fi (1] 1.1 ChargeSa Dl ¥3a
: 200 2460 6 2 123 7 Change S0 Delriés
5 1500 M 61 2 154 181 ChargeS0a Deliéa
E 1800 WATE E 1] 153 % ChargeSda Dol %oa
1700 ] 120 162 m Charge Sla Dl N
8 1600 5 2 52 n CrangeSla Delréa
5 1500 55 120 6 17 Crurgersis Delia
0 1400 53 I 175 Change/Sis Delie
n 1300 5 ne 163 175 Change/Sla Del/Xéa
12 1200 55 e 165 17% Charge Sa Dl Xsa
Lk} 1 & F-] 7 178 ChargeSia DelMsa
" 1000 59 12 nse 7 Change S0 Dl Xoa
15 300 6 12 162 1 Crurge/Sia Deli%a
1% 00 53 e [E: Change/S0a Delkéa
7 700 & 1 1 Charge S0a Dl e
% 600 & 177 Charge S Del/%ia
e 500 55 18 Charge Sa Del/Kéa
2 40 2 41 1 Change Sda Del/Xba
2 300 1 14 it Change/Sla Deltéa
£ 1 200 7 8 Charge Sla Dol ks

Hinh 3.15 Giao dién phén mém khi nhap dir li¢u ctia M.V Gas Nirvana

Sau khi nhap dir 1iéu xong, NCS tién hanh phan tich trong mot s6 diéu kién

hang hai nhét dinh, vi dy:

* Phan tich dic tinh thay ddi téc d6 tau bién trong diéu khién khong c6 anh

huong cua song, gi6 (bo qua anh hudng cuia dong chay)

Tién hanh phan tich dic tinh thay doi tbc dd MV Gas Nirvana trong diéu

kién khong c6 anh hudng cua song, gi6 (bién ldng song va gi6 hodc song, gio cap

1, cAp 2) v6i gid tri vong quay chan vit 110 rpm, do sai 1éch mén nude 1a 1.0 m

va sai 1éch hiéu s6 mén nuée 0.5 m, cho két qua theo nhu Hinh 3.16.
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' NORMINAL SPEED FOR DRAFTs - TRIMs

Engne AP [T D Swpf] [10 Tom Sep ] [05 Add/Change Data
Suggest 5
¥ b %2 147 113 175
165 - - =
%7 "2 137
16
155 | N
%3 155 13 15 N
sl
Inout 5 [3 7 4
135
0 w7 133 13
125
! w7 152 137 12

%S 155 119 —— iy

Hinh 3.16. Dic tinh thay ddi téc do tau twong Gng véi gia tri mén nude Sm, 6m,
va 7m.

Theo Hinh 3.16, tir gid tri goi y ctia phan mém, Sy quan hang hai c6 thé
tham khao va thu thap gia tri toc do tau, hién thi dac tinh thay doi chuyén dong
ctia tau thong qua do thi twong ng voi gia tri mén nude 1an luot 12 5m, 6m, va
7m.

* Phan tich dic tinh thay d6i toc do tau bién theo thoi gian

Vi1 khoang thoi gian 2 thang, gid tri vong quay chéan vit 110 rpm, dd sai
1éch mén nudce 13 0.3 m va sai 1éch hiéu s6 mén nude 0.5 m, dic tinh toc do cua
tau MV Gas Nirvana thay d6i theo thoi gian trong Gmg voi gia tri mén nudce 5m,

6m, va 7m nhu Hinh 3.17.

o SPEED CHANGE VS TIME FOR AN OPERATION STATE

..... froren 18

Sample No T —

Okt Stes ]

/42020 152020 162020 12020 /2020 /52020 /1072020 1112020

[ Show Ft Curve

& rd I -—3 § =7

Hinh 3.17 Sy thay doi téc d6 tau bién theo thoi gian tir 01/04/2020 dén
01/11/2020.
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* Phén tich dic tinh thay doi toc d6 tau bién khi c6 anh hudng cua gio va

song (néu co)

Trén thyc té, viéc quan trac va ghi lai cac gia tri song 1a nhiém vu hét stc

kho khan ddi voi ngudi S§ quan hang hai, do dé trong truong hop nay NCS chi

phan tich su thay di toc d6 tau khi c6 anh hudng cia gié va bo qua yéu td song.

Khi do, su thay ddi toc do tau khi c6 anh huong cta gié dugc tinh toan tur

phén mém s& duoc hién thi theo dd thi Hinh 3.18.

85’ SPEED RATIO TABLE AGAINST WIND

Engine RMP

120

Draft jm]

D.Repim] |1

RPM Step 10

Relative Wind [deg]
A

0.9+

0.74

05 - v
0 5 10

RPM =120 - Draft = 7

Add New

Okts Thts

120 1 1

180 1 1

14 kis 21 kts 28 ks 35 kis A2 kts 45 kts 56 kis

11 112 1.08 103 1 0% 085
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 . 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

Hinh 3.18 Sy thay doi téc d6 tau bién khi hudng gi6 tuong d6i thay doi tir 0° dén

180°

* Phan tich hi¢u qua st dung nang luong

Ung dung phan mém phén tich mirc st dung nhién liéu hiéu qua, giam

thiéu lugng phat thai khi Coz duoc trich xuat dudi dang bicu do.

NCS lua chon tab Sum/Report, sau d6 chon tab Efficient Analysis
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Hinh 3.19 Giao dién phéan tich hi¢u qué stir dung nang lugng
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3.5. Két luan chwong 3

Két thuc chuong 3, NCS da dat duoc cac két qua nghién ctru chinh sau:

- NCS khai quat dugc dic tinh thay doi toc d6 va dic tinh tiéu thu nhién
liéu cua tau bién trong tung diéu kién hanh hai cu thé;

- Ung dung phuong phap binh phwong nhé nhat NCS xac dinh dugc dic
tinh thay doi toc do va dic tinh tiéu thu nhién liéu tau bién trong timg diéu kién
hanh hai cu thé;

- Pong thoi, NCS xiy dung phan mém tong hop, phan tich dic tinh thay
d6i téc d6 va dic tinh tiéu thu nhién lidu tau bién trong timg diéu kién hanh hai

cu thé phuc vu tinh toan tuyén duong va ké hoach chay tau tdi wu.
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CHUONG 4: NGHIEN CUU, XAY DUNG THUAT TOAN VI KHUAN
CAI TIEN PE TiNH TOAN TUYEN PUONG VA KE HOACH CHAY
TAU TOI UU NHIEN LIEU DUA TREN NGUYEN TAC JUST IN TIME
“TAU PEN CANG KIP LUC”

4.1. Tong quan vé thuit toan vi khuin (BFOA _ Bacterial Foraging
Optimization Algorithm)

4.1.1. Khai niém

Thuat toan vi khuan (BFOA _ Bacterial Foraging Optimization Algorithm)
duoc dé xuét 1an dau tién boi Passino [22, 25] vao nam 2002 da thu hut duoc su
quan tdm ctia nhiéu nha nghién ctru trong nhidu nam qua.

Thuét toan vi khuan 1a thuat toan t6i wu dua trén phuong phap tim kiém
thirc an cua bﬁy vi khuan. Thuit toan c6 rat nhiéu vu diém va da thu hat duoc su
quan tdm cta nhiéu nha nghién ctu trong nhiéu linh vyc. Hién nay, thuat toan vi
khuan ludn 1a giai phap kha thi, duoc ap dung hiéu qua cho nhiéu linh vuc khac
nhau nhu diéu khién ti wu, tri tué nhan tao, du doan diéu hoa, ...

NCS néu bat mot sb6 wu diém cua thuat toan vi khuan, cu thé:

- BFOA 1a thuét toan ti wu dya trén sb dong cac vi sinh vt don gian, cac
phan tir riéng biét trong tap hop co tinh chét ty chii va phan tan, khong c6 su diéu
khién tap trung nén vi¢c 1 hodc 1 $6 phén tor kém hi€u qua hoac tht bai khong
lam anh hudng t6i viéc giai quyét van dé cua ca tap hop, cac phan tir con lai van
c6 kha nang tim nghiém t8i wru cho bai toan mot cach doc l1ap. Nho vay, thuat toan
BFO hiéu qua va manh hon so v&i cac phuong phap sé khéc;

- BFOA c¢6 thé duge mo rong mot cach dé dang do: Viée hop tac (két bay)
clia cac ca thé la thong qua cac lién lac gian tiép, nho sy mé rong dé dang cua
BFOA, ta c6 thé ting quy md tap hop vi khuan dé giai quyét nhimg van dé phirc
tap hon mot cach nhanh chéng;

- BFOA chu yéu sir dung cac cong thirc toan hoc co ban do d6 co thé ap

dung mot cach don gian, nhanh chdng va hiéu qua trén may tinh;
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- BFOA khi duoc 4p dung khong can phai gia dinh vé tinh kha vi, ham 10i
cling nhu cac yéu cu khac vé mit toan hoc nén thuat toan duoc ung dung dé gidi
quyét nhiéu van dé khac nhau vé ti vu.

4.1.2. Nguyén Iy chung ciia thuit toan vi khuian (BFOA) [22, 25]

Gia str, ta can tim cyc tiéu cua 1 ham Q(S) v6i mién xac dinh cho trudc
(duoc goi 13 mién giai phap, mién nghiém sd hay mién tim kiém). Ngoai ra, 1
nghi¢m S phai théa man mot sb diéu kién rang budc nhét dinh.

Thuc té, bai toan nay hét sirc phuc tap va khong thé (hodc rat kho cé thé)
giai duoc bang cac phuong phép giai tich thong thudng, hodc tham chi 1a cac
phuong phap sé vi cac kho khian khi can tinh gia tri dao ham (hay Gradient)
AQ(S). Vi vay, cac bai toan nay dugc goi 1a bai toan tdi wu khong st dung
gradient. P4i voi cac bai toan ndy, thay vi xac dinh gia trj toi wu chinh xéc, bai
toan c¢6 thé dugc coi nhu da giai quyét xong néu ta tim duogc nghiém xap xi voi
gid tri toi uu.

Dua trén mo phong qua trinh phat trién cua tap hop vi khuin, BFOA 1a mot
cong cu toi wu hoa bang cach lip di lap lai viéc tim cac phuong an (hay mot
nghiém kha thi) t6t hon tir mot phwong an ban dau, trong d6, cac phuong dn moi
duoc tao ra mot cach ngﬁu nhién. Mdi phuong an duoc thé hién béng vi tri cua
mot ca thé vi khuan trong mot khong gian dic trung cho khong gian nghiém.
Trong phan nay, vi tri cia mot ca thé duoc dung dong nghia voi mot phuong an
hay mot giai phap cho bai toan tdi uu.

Ap dung BFOA, bai toan c6 thé dugc giai quyét nho viée lap di lip lai mo
phong vé sy phat trién cua tap hop vi khuan dugc thé hién qua cac giai doan trong
thoi gian séng clia mdi ca thé nhu sau:

- Mbi ca thé vi khén ty thich nghi v&i moi trudng va phat trién;

- Su phti hop cia c4 thé vi khuan véi méi trudng (hay goi don gian 1a st
khée) dugc xac dinh trong mdi thé hé. Cac cé thé vi khuin khoe nhét ton tai duoc
va sinh s6i, cac ca thé yéu chét di va khong con ton tai trong tap hop;

- Céc c4 thé vi khuan ton tai dugc trong tdp hop c6 xu hudng két bay.
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Nhu vay, sau mdi vong lip nhu trén, cac ca thé vi khuan s& khoe hon cac
cé thé trude do, tire 1a vi khuan dang tién gan hon t6i nghiém tdi wu cua bai toan.
Néu duoc thiét ké phu hop, thuat toan s& cho phép tim duoc gid tri gan diing cia
phuong an t8i wu sau mot sb hiru han cac vong 1ap nhu vira néu.

NCS néu ra mot sd thuat nglr dugc str dung dé minh hoa cho BFOA:

S =[P(),P(2),-,P(),-,P(N)] (4.1)

(4.1) 1a 1 vector thé hién 1 phuong 4n hay chinh 1a vi tri ctia 1 ¢4 thé vi
khuan trong khong gian tim kiém.

Trong do:

1: toa do thir 1;

N: s6 chiéu cua khong gian tim kiém;

V=[V@),V@), V@, V()] (4.2)

(4.2) 1a 1 vector thé hién huéng tim kiém, v6i V(i) = 0 hoac V(i) = 1

D: Khoang cach dich chuyén (hay con goi 13 budc tim);

Q: Ham muc tiéu (hay 1a chi s6 strc khoe cua ca thé vi khuan);

dQ: gia tri bo xung cho ham muc tiéu thé hién méi lién hé giita cac c4 thé
vi khuan.

4.1.3. Phén loai thuét toan vi khuan

Thuat toén vi khuan duoc chia thanh thuat toan vi khuan c6 dién va thuat
toan vi khuén cai tién:
4.1.3.1. Thuét toan vi khuin co dién

Thuét toan vi khuan ¢b dién duge thuc hién qua 3 budc nhu sau:

* Budce 1: Khéi tao

Khéi tao tap hop vi khuan, trong d6 mdi ca thé vi khuan dugc dat & mot vi
tri ngdu nhién trong khong gian tim kiém.

* Buéc 2: Tién héa

Lap di lap lai qua trinh tién hoa cta tap hop vi khuan qua 3 budc nho:

- Tim kiém, phat trién va két bay (chemotaxis and swarming);

- Sinh san;

- Loai trir va phan tan.
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Qua trinh 1ap trong budc nay cho phép tap hop vi khuan tap trung dan vé
vung thuén loi nhat trong khong gian tim kiém (ving c¢6 ham muc tiéu 16n nhat).
Tiép dén, thong qua viéc két bﬁy, viéc tim kiém cuc bd duoc phan bo thich hop.
Nho& qua trinh sinh san, qué trinh tim kiém dugc tap trung nhiéu hon vao cac khu
vuc cu thé. Cudi cing, viéc phan tan s& giup cho qua trinh tim kiém tranh duoc
cac gia tri cuc bd.

* Buée 3: Két thiic

Tra vé phuong an tng vdi cé the vi khuan c6 suc khoe tot nhat.

Hinh 4.1 So dd khdi md ta cac bude cia thuat toan vi khuan cb dién
4.1.3.2. Thuit toan vi khuén cai tién

Bang nhiéu nghién ciru va thir nghiém voi nhidu ham da mé hinh c6 do
phtc tap khac nhau, cac nha khoa hoc da chi ra nhuoc diém cua thuat toan vi
khuén ¢6 dién chinh 1a: Kha niang tim kiém gia tri tbi uu giam manh khi s6 chiéu
ctia khong gian tim kiém hay noi cach khac d6 phirc tap cua bai toan tang lén.

Nham muc dich ning cao hiéu qua tim kiém, thudt toan vi khuan cai tién
da duoc rat nhiéu nha khoa hoc nghién curu, cai tién va cho ra doi, cu thé:

* M. Tripathy, S. Mishra, et al [41] d& xuit thuat toan BFO trong d6 ap

dung 2 cai tién:
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- Cai tién thir nhat: Gia tri téi vu & mdi vi tri dugc sir dung thay vi gid tri
trung binh cia tit ca cac budc;

- Cai tién thtr hai: Khoang cach tir mdi vi khuan t6i vi khuan img v6i nghiém
sO tot nhat da tim duoc duogc sir dung nhu mot yéu tb dé thay doi do dai bude dich
chuyén (budc truogt), nho vay tdc d6 hoi tu duoc tang 1én.

* S. Mishra [42] dé xuat mot phuong phap mo dé xac dinh d6 dai bude di
chuyén téi wu cho thuét toan vi khuan tai mdi thoi diém.

* C. Ying et al [20] dé xuat phuong 4n trong do6, viéc két bay duoc thuc
hién twong tu nhu viéc két bay trong thuat toan PSO (Particle Swarm Optimization
Algorithm), theo d0, vi tri ctia mdi ca thé vi khuan sau mdi budce di chuyén duoc
xac dinh theo cong thrc:

ifQ(SP() < Q (si(j + 1)) then

Shew( + 1) = S5 + 1) + Ceex(SP () = S'(D) (4.3)

Where b is the best bacterium in previous chemotaxic step, Cec is an
attraction factor.

Tiép theo, budc di chuyén duoc giam dan sau mdi vong lap, thuat toan nay
duoc goi la thuat toan FSBA (Fast Bacteria Swarming Algorithm).

* H. Chen, Y. Zhu and K. Hu [21] phat trién thuat toan BFO thich nghi
(Adaptive Bacteria Foraging Optimization Algorithms - ABFA) trong do6, do dai
budc di chuyén duge didu chinh theo do chinh xac yéu ciu trong mdi giai doan
tim kiém, dugc goi 1a giai doan kham pha (exploration) va giai doan khai thac
(exploitation).

Trong giai doan “kham ph4”, budc di chuyén dai duoc sir dung dé luét téi
cac vung chua duoc kiém tra dong thoi tang tde do tiép can gia tri téi wu; Tiép do,
dé “khai thac” budc dich chuyén nho dugc sir dung dé tim kiém trong ving co
nhiéu kha nang xuat hién gia tri toi uu.

Ngoai ra con nhiéu cai tién cho thuét toan vi khuan khac, hau hét cac stra
d6i déu mang tinh chuyén biét cho timg Gmg dung cu thé, déng thoi khong c6 quy

tac chung cho viéc lwa chon céc thong sd thiét ké thuat toan.
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Dic biét, trong nudc thong qua viée thuc hién dé tai nghién ctru khoa hoc
cap trudng ndm 2013 [10], TS. Nguyén Minh Dirc di cai tién thuat toan vi khuan
va img dung dé x4c dinh tuyén duong hang hai khi twong t6i wu véi muc tiéu cia
viéc 1ap tuyén (hay ham muc tiéu) 1a thoi gian hanh trinh ngdn nhat (voi diéu kién
an toan cua tau, hang hoa va suc khoe thuyén vién luén dugc dam bao). Khi do,
chi phi gan voi tuyén hanh trinh chinh 13 thoi gian hanh trinh duoc tinh 1a:

Q) =T, +T,+-+T, (4.4)

Trong d6: T; 13 thoi gian can thiét dé hoan thanh doan thi i ctia tuyén

Bai toan ti uu can giai sé la: Xac dinh bo cac diém nat (hay diém chuyén
huéng Waypoint) trén mdi duong dé téng thoi gian hanh trinh cia tau 1a ngin
nhit hay x4c dinh vector S sao cho:

Q(S™) = MinQ(S) (4.5)

Nhu vay ké tir khi duwoc dé xuét 1an dau tién vao nim 2002 thuét toan vi
khuan véi nhiéu wu diém vuot tréi da thu hat duoc su quan tdm cua nhiéu nha
nghién ctru. Theo thoi gian, dé ting hiéu qua tim kiém va tng dung hiéu qua hon
nira cho céc linh vuc, cac nha khoa hoc khong ngimg nghién ciru, céi tién dé thuat
toan mang tinh chuyén biét.

Trong chuong nay, NCS nghién ciru, dua ra cai tién riéng cho thuat toan vi
khuin nham tinh toan tuyén duong va ké hoach chay tau tdi wu nhién liéu dua
nguyén tic Just in Time “Tau dén cang kip lac”.

4.2. So d0 tong quat hwéng din viéc tinh toan va ap dung tuyén duong chay
tau t0i wu nhién liéu dwa trén nguyén tic just in time “tau dén cang kip lic”

Ap dung tuyén dudng chay tau toi vu nhién liéu dya trén nguyén tic just in
time “tau dén cang kip luc” bao gdm viéc tinh toan tuyén duong chay tau tdi uu
va viéc van hanh tau mot cach hop 1y trén tung doan tuyén da duoc tinh toan, két
hop duy tri thong tin lién lac thong subt giita cac bén dé dam bao "tau dén cang

kip lac".
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NCS dé xuat so do tong quat huéng dan viéc tinh toan va ap dung tuyén
duong chay tau toi vu nhién liéu dva trén nguyén tic just in time “tau dén cang

kip luc” nhu hinh v€ sau:

' N\
Xac dinh khdi lwong vén chuyén,
mon nude van chuyén
\ J
) .
Xéc dinh hiéu s§ mén nude tdi wu
\
' N
/ Khao sat thong tin thoi tiét va cac diéu Vong lap
/ kién gid¢i han ddm bao an toan Xﬁy dl_ng,
! \. / A A
‘ cap nhat ‘
: . \ ke hoach
Kiém tra dic tinh thay ddi toc do tau H
i theo diéu kién hang hai !
i \_ y, ',
E . ’
! Xac dinh thoi han yéu cdu tau !
i dén muc tiéu i
i \_ V. H
! Tinh toan xay dung ké hoach chay tau _ :
; 61 wu nhién liéu <. i
! \ J |
i Danh gid chuyén gia tuyén duong !
; ké hoach tau chay ]
E H
\ 7 1
q Trich xuét cac Clliém chuyén huéng va /
ché @6 may
s, \_ J ) 2
Thyc hién ké hoach
\_ J

Hinh 4.2 So d6 hudng dan viéc tinh toan va ap dung tuyén duong chay tau téi uu

nhién li¢u dya trén nguyén tac just in time “tau dén cang kip lac”

Nhu vay, viéc tinh toan va ap dung tuyén dudng chay tau tdi wu just in time

can phai:
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- Can ctr vao céac diéu kién ctia chuyén hanh trinh thue té, diéu kién thuc té
1u6ng lach cua cang di va cang dén, diéu kién thoi tiét, dic diém van hanh, gioi
han an toan tau;

- Tinh t6i thoi gian yéu cau tau dén, cling nhu sy thay d6i bat ngd cia cac
diéu kién thoi tiét, ddc diém hanh trinh dy tinh;

- Trudc khi bat ¢au hanh trinh, tuyén duong va toc do tau duoc tinh toan
cho mén nudc, trang thai xép hang va du béo thoi tiét gan nhat. Trong qué trinh
chay tau, khi diéu kién thoi tiét thay d6i va cac ban tin thoi tiét dugc cap nhat,
tuyén dudng chay tau va ké hoach chay tau c6 thé duoc tinh toan lai cho phu hop
dé ap dung;

- Viéc lya chon céc diéu kién giéi han an toan tau (vi du thoi tiét, vi 6 gidi
han, ...) 14 trach nhiém ctia Thuyén truéng hodc cac Sy quan duoc phan cong trén
co so kinh nghiép va hiéu biét vé con tau cia minh.

Céc cong vige cu thé can lam bao gém:

* Tinh toan lugng hang van chuyén:

- Luong hang can vén chuyén;

- b0o sau luéng lach trén toan tuyén;

- Luong du trir nhién li€u, nudc ngot can thiét cho toan tuyén;

- Mén nudée téi da theo mua, theo khu ving dia 1y.

* Tinh toan mén nudc, chénh 1éch hiéu sé mén nudce tdi wu:

- Su thay d6i mén nudce do thay doi lugng du trir nhién liéu, nudc ngot trén
toan tuyén;

- Mén nude toi wu tham khao tir d6 thi thay doi téc do tau theo hiéu sé mén
nudc [5];

- Su can thiét duy tri tinh nang diéu dong tau.

* Khao sat thong tin thoi tiét trén toan bd tuyén hanh trinh:

- Cac yéu tb thoi tiét nguy hiém theo du bao;

- Cép nhat thong tin thoi tiét dang s toan tuyén trén hé thong;

- X4c dinh cac diéu kién thoi tiét toi han cho tau.
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* Ra soat dic tinh thay doi toc do tau bién va dic tinh tiéu thu nhién liéu
tau bién trong timg diéu kién hanh hai cy thé

* X4c dinh thoi han muc tiéu tau can dén diém dich:

- Piém dén x4c dinh c6 thé 1a cang dich, hoac diém cho qua kénh, cho vao
cang;

- Thoi han muc tiéu can c6 dy trit phu hop phong trudng hop c6 thay doi
bat thudng trong hanh trinh.

* Tinh to4n tuyén dudng chay tau tbi wu just in time:

- Chon cac ché do vong tua may;

- Nhap cac han ché thoi tiét;

- Nhép cac vi dg, kinh dd gidi han;

- Nhép thoi gian yéu cau tau dén;

- Nhap cac duong han ché;

- Chay phan mém tinh toan tuyén duong;

- Kiém tra tuyén duong tinh toan, tinh lai dé nang cao chét luong (néu cﬁn);

- Kiém tra dé thay doi cac diéu kién gidi han néu thoi gian tau dén khong
dap mg yéu cau.

* Trich xuét cac diém chuyén huéng (WPTs) va ché d6 may:

- LAy danh sach cac diém chuyén huéng;

- Luya chon ché d6 may (rpm) trén timg doan tuyén.
4.3. Nghién ciru, xay dung thuit toan vi khuin cai tién tinh toan tuyén duwong
va ké hoach chay tau t6i wu nhién li¢u dua trén nguyén tic just in time “tau
dén cang Kip luc”

bé dat duge muc tiéu nghién ctru cua dé tai luan an 1a nang cao hon nira
hiéu qua sir dung niang lugng trén tau bién va giam thiéu dén muc thap nhét luong
khi nha kinh phat thai tir tau bién, NCS nghién ctru, xay dung thuat toan vi khuan
cai tién, ing dung tinh toan tuyén duong va ké hoach chay tau tdi wu nhién liéu

dua trén nguyén tac just in time “tau dén cang kip lac”.
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4.3.1. Khai niém vé khong gian tim kiém (hay mang cac nut), dwong mit va

tuyén Hang hai
Line 1 Linei Line i+1 Line N-1
oN e N o o
/ S - —_— : End
p() )y - Noint
pi+1) rop °
Sta:rt [ ] ® ® L ]
Point ® e ® °
®0 e0 ® o @0

S =(p(0), p(1), ..., P(N))
Hinh 4.3 Hinh v& m phong khong gian tim kiém (mang cac nat), dudng nat va

tuyén Hang hai

Piém nat hay hay diém chuyén huéng (diém Waypoint - WPT) thuong
duoc ky hiéu bai 3 chir s6, trong d6 2 chir s6 dau thé hién nhém diém va chit s6
thr 3 thé hién s6 th tu cua diém trong nhom.

Diém chuyén huéng (Waypoint) con cd thé duge dit tén bang cac biéu
tuong va cac ky tu chir cai di kem. Vidu: 311, 312,313,314, ... tic lanhém diém
31, cac diém trong nhom lan luotla 1, 2,3 va4.

Thong thuong cac diém chuyén huéng (WPTs) trong cling mot tuyén Hang
hai duoc dit tén theo nhoém dé tién theo ddi va quan ly. Mot tuyén duong Hang
hai bao gom nhiéu diém chuyén hudng, tbi thiéu 14 tir 2 diém chuyén hudng tré
1én. Thue té Hang hai cho thay sé diém chuyén hudng (Waypoint) hay diém nut
va gian cach gilra cac diém nat duoc lya chon tuy thude vao diéu kién hang hai
thuc té mién sao an toan tau, hang hoa, strc khoe thuyén vién dugc dam bao va
tiét kiém chi phi nhét, tdi vu hoa nhién liéu nhat.

DPé tim duong di tdi wu cho tau, trude tién, ta can xac 1ap mot khong gian
tim kiém chinh 1 mot mang cac diém chuyén hudéng (WPTs) hay diém nit nhu
hinh 4.3.

Theo hinh 4.3, tuyén dudng Hang hai bat dau tir diém xut phat (Start Point)

dén diém két thic (End Point) duoc chia thanh N doan lién tiép. Mdi doan cia
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tuyén 1a duong ndi tir mot diém nut (hay 1 Waypoint) trén 1 dudng (linei) t6i 1
diém nat khac (hay 1 Waypoint) khac trén duong tiép theo (linei+).

Nhu vay, mot tuyén duong Hang hai tir diém xuat phat dén diém két thuc
12 mot tuyén tir diém dau, di qua cac diém nat trung gian va tién t6i diém cudi.
Mot doan cua myén chi dugc thuc hién dugc khi ddm bao cac gidi han an toan
tau nhu: khong di vao khu vuc ndong can, chat hep hodc cit duong bo; Thoi tiét
trén tuyén nam trong diéu kién gidi han an toan tau.

Mang luéi cac diém nut theo nhu Hinh 4.3 chinh 14 khong gian tim kiém.
4.3.2. So' @6 khéi nguyén 1y tinh toan tuyén dwdng chay tau ti wu nhién liéu
dua trén nguyén tic just in time “tau dén cang Kip lic” &ng dung thuit toan
vi khuén cai tién

So d6 khbi trong hinh v& sau ddy mé ta nguyén 1y tinh toan tuyén dudng
chay tau t6i wu nhién liéu dya trén nguyén tic just in time “tau dén cang kip lac”

bang cach tmg dung thuit toan vi khuén cai tién.

Line dist,
Point dist

Weather data

(Real Time)

Ship Performance

Hinh 4.4 So d6 nguyén Iy tinh toan tuyén duong chay tau t6i wu nhién liéu dua
trén nguyén tac just in time “tau dén cang kip lic” ung dung BFOA cai tién
Theo so d6 hinh 4.4, truée tién cin ct vao vi tri diém dau va diém cudi

duogc nhap, cac han ché doi véi tuyén duong sé dugc dua vao chuong trinh, cac
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han ché nay bao gdm: Pudng bo bién, cac dudng dang sdu gi6i han cac do sau
phu hop cho hanh trinh tau.

Tiép dén, mang ludi cac nit (hay khong gian tim kiém) duoc xay dung cho
vung bién tir diém xuét phat toi diém dich. Thuat toan vi khuén cai tién s& hoat
dong trén mang ludi (hay khong gian tim kiém) nay dé tim tuyén duong chay tau
t61 uu nhién liéu just in time, v&i cac s6 liéu dau vao 1a:

- Piéu kién thoi tiét tai vi tri cu thé vao thoi diém cu thé (diéu kién song,
gi6, dong chay duoc cap nhat theo thoi gian thuc);

- Pic tinh chuyén dong tau bién (dic tinh thay ddi tbe d6 tau bién) trong
diéu kién hanh hai cu thé;

- Bic tinh tiéu thu nhién liéu tau bién trong diéu kién hanh hai cu thé.

Tir céc tuyén t6t nhat xac dinh duoc (trong ing véi vi tri cta cac vi khuan
khoe nhét), tuyén duong gan véi tuyén duong ti vu s& duoc tra vé.

4.3.3. HAm muc tiéu ctia tuyén dwong chay tau t6i wu nhién li¢u dua trén

nguyén tic just in time "tau dén cang kip luc"

MGdi tuyén duong chay tau ludn duoc gan véi mot chi phi nhat dinh goi 1a

ham muyc tiéu cta tuyén duong.

Vi du, d6i v6i bai toan hang hai khi tuong thong thudng, yéu té duge quan
tam chinh 1a thoi gian hanh trinh, khi d6 ham muc tiéu cta tuyén dudng hang hai
khi tugng thong thudng chinh 1a thoi gian hanh trinh ngan nhét (v6i diéu kién tau,

hang hoa va suc khoe thuyén vién dugc dam bao).

Khi yéu t6 duoc quan tAm thay d6i thi ham muc tiéu cta tuyén dudng chay
tau thay ddi, vi du: Khi luong nhién li€u tiéu thu dugc quan tam thi ham muc ti€u
tuyén duong chinh 13 viéc t6i wu hoa nhién liéu.

Dé viéc mo phong don gian va cu thé, trong pham vi nghién ctru cia dé tai
luan an, NCS lua chon ham muc tiéu cua tuyén duong chay tau chinh Ia tdi wu

nhién liéu dwa trén nguyén tac just in time "tau dén cang kip luc".

Khi d6, ham muc tiéu cua tuyén Q(S) dugc tinh la:
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Q) =Ty +T,++Ti+-+T, (4.6)
Trong d6: T;1a lugng nhién liéu tiéu thy can thiét dé hoan thanh doan th i cua
tuyén.

Bai toan toi uu can giai s& 1a: Xac dinh b cac nut (hay cac WPTs) trén mdi
duong dé tong luong nhién licu tiéu thu trén tuyén cta tau 1 nho nhat. Hay xac
dinh vector S* sao cho:

Q(S™) = Min Q(S) (4.7)

Ham muc ti€u cta tuyén dudng chay tau toi vu nhién liéu dua trén nguyén

tac just in time dugc mo ta nhu sau:

"Public Sub CalculateQualityWithFuel(ByRef TimeMustReach As Double,
ByRef targetFuelConsumeTons As Double)
Dim retn As Double = 0
Dim tmpTime As Double = 0
Dim tmpFuel As Double = (0

For I As Integer = 0 To travTime.Length - 1
tmpTime += travTime(])
tmpFuel += travTime(l) * fuelTpH(I)
Next

If tmpTime >= TimeMustReach Then
Quality = tmpTime / TimeMustReach + 9999.9

Elself tmpTime <= 0.85 * TimeMustReach Then
Quality = 0.85 + 3 * tmpFuel / targetFuelConsumeTons

Else
Quality = tmpTime / TimeMustReach + 3 * tmpFuel /

targetFuelConsumeTons
End If
End Sub"
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4.3.4. Thuét toan vi khuén tinh toan tuyén dwong chay tau t6i wu nhién liéu
dua tén nguyén tic just in time “tau dén cang kip lic”

Thuat toan vi khuén duoc thuc hi¢n nho viéc 1ap lai cac qua trinh tim kiém
cuc bo, két by, sinh san va triét tiéu. Trong phan nay, NCS gidi thi¢u mot s6 cong
thirc co ban trong thuat toan vi khuin dé tinh toan tuyén dudng chay tau tdi uu
just in time.
4.3.4.1. Khéi tao tip hop vi khuin (Bacteria Position Initialization)

Muc dich ctia qué trinh nay 1a khéi tao vi tri ban du cho cac vi khuan trong
tap hop mot cach ngiu nhién. Mi vi tri ciia mot ca thé vi khuan S (twrong tng véi
mot nghiém kha thi trong bai toan tdi uu) 1a mot bd cac diém nat trén cac dudng
cua mang ludi. Vay, viéc khoi tao vi tri ban d4u cua vi khuan chinh 1a lya chon
mot cach ngﬁu nhién cac diém nut voi didu kién trén sudt tuyén hanh trinh, an
toan ctia tau, hang hoa va stc khoe thuyén vién duoc dam bao.

Viéc nay dugc thuc hién nhu minh hoa ¢ so dd trong hinh 4.5, trong d6 st
dung 2 thong s6 thiét ké 1a:

- Kmax: Tong s6 lan thir toi da dé tim nit tiép theo;

- Rmax: S6 1an thir t6i da dé tim nut tiép theo tir 1 nut trude do.

Bién 1 dugc st dung dé dém sb tha tu cua duong ma tau da chay toi va vi
vay, ban dau, gia tri bién duoc dat 12 0.

Tir 1 diém p(l) trén duong tht 1, diém p(1+1) trén duong thir (1+1) duoc Iya
chon mét cach ngiu nhién va an toan tau, hang hoa duoc kiém tra cho hanh trinh
tir diém p(1) dén diém p(I+1). Néu an toan tau, hang héa duoc dam bao, diém
p(1+1) s& duoc lya chon va chuong trinh s& tiép tuc tim diém nut tiép theo tir nut
ndy. Nguoc lai, néu tir p(l) tau khong thé t6i p(1+1) mot cach an toan, mot nut
khac s& duoc chon thay thé va bién dém r dugc ting lén.

Néu khong thé tim dugc diém nat p(I+1) dam bao an toan sau Rmax lan

thir, quy trinh khai tao s& duoc tién hanh lai tir ntit phia trudce nit p(1) mot sd bude.
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No
k < Kmax > r=0;1=(1<0?0:1)
_ Yes
f %
k=k+1
1=1-3 p(l+1) = random()

o
G

r=r+1 €

No
Safe to Reach p(I1+1)?

Yes

S(I+1) = p(I+1)

I+1= LastLineNo?

Yes

Q = Infinite Q =Cost (S)

y

End

v

) 4

Hinh 4.5 Khoi tao mot tuyén (Route Initialization)

Néu c6 thé tim duoc mot tuyén dudng cho tau téi dich an toan, tuyén nay
s& duoc gan cho mot cé thé vi khuan. Tiép do, chi phi cia tuyén (hay chi sé strc
khoe ctia ca thé vi khuan) s& dugc tinh toan va sir dung cho céc budc tiép theo.
4.3.4.2. Di chuyén Chemotaxis

Xuét phat tir mot vi tri img v&i mot tuyén cho trudce, vi khuan sé& tim cac vi
tri xung quanh (hay thuc hién cac sira d6i dbi v6i tuyén) sao cho chi phi ctia tuyén
(ttrc 1a ham muc tiéu) giam di. Viéc nay dugc thuc hién qua céac di chuyén cua cac
thé vi khuan duogc goi 1a di chuyén Chemotaxis. Hanh dong nay duoc minh hoa
theo so d6 trong hinh 4.6.

Di chuyén Chemotaxis cua vi khuan 13 tong hop két qua cta 2 hanh dong:
Chuyén dong xoay (tumble) va boi (swim).

Mot chuyén dong xoay (tumble) cua vi khuan dugc thé hién bang 1 vector

V, thé hién hudng tim ki€m cua cé thé vi khuan. Noéi cach khac, dé chinh 1a hudng
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thay doi ctia mot vai phan tir hay mot doan cua tuyén. Vector V dugc dinh nghia

nhu sau:
V=[v@),ve), Vi), ,V(N)] (4.8)
Where

V(i) =0hoac V(i) = 1

N: Number of grid lines

Vi khong gian tim kiém cta bai toan co s6 chiéu cao (N 16n) nén vector V
c6 thé co rat nhidu gia tri. Trong dé tai nay, dua trén co s& xem xét su thay dbi
ctia tuyén mong mudn, vector V duoc gidi han trong tap hop cac vector sau:

v, =10,---,0,1,0,---,0] i.e. V(i) = 1if i = k; V(i) = 0 otherwise

v, =10,--,0,1,1,0,---,0]i.e. V(i) =1if k<i<k+ 1;V(i) = 0 otherwise

Vs =1[0,--,0,1,1,1,0,---,0]i.e. V(i) = 1if k <i < k + 2; V(i) = 0 otherwise (4.9)
v, =10,---,0,—1,0,---,0] i.e. V(i) = —1if i = k; V(i) = 0 otherwise

Vs =1[0,-+,0,—1,-1,0,--,0] i.e. V(i) = —1if k<i < k+ 1;V(i) = 0 otherwise

Ve =[0,+,0,—1,—1,—1,0,-,0] i.e. V(i) = —=1if k <i < k + 2;V(i) = 0 otherwise

v, =10,--,0,1,0,---,0,—1,0--+,0] i.e. V(i) = 1if i = k;; V(i) = —1;if i = ky; V(i) = 0 otherwise

where k, ki, k, are random value produced at each tumble

Viéc chon huéng tim kiém (tumble) don gian chi 13 viéc chon ngiu nhién
theo x4c suat mot trong 7 vector trén. Dé ting hiéu qua tim kiém, dé tai lya chon
cac gia tri x4c sudt sao cho cac vector Vi, Vaxuat hién nhiéu hon so véi cac vector
V2 and Vs. Pong thoi, cac vector V2 and Vs xuat hién thudng xuyén hon cac vector
con lai.

Sau mdi chuyén dong xoay (tumble), ca thé vi khuan thuc hién mot hodc
vai chuyén dong boi (swim). S6 chuyén dong boi dugc thuc hién tuy thudc vao
mirc d6 thanh cong trén hudng da chon (néu gia tri chi phi giam di sau mdi chuyén
dong boi thi vi khuan thuc hién chuyén dong boi theo hudng nay s 1an 16n hon).
Theo d6, vi tri méi ciia vi khuan sau mdi chuyén dong duoc xac dinh theo cong
thirc:

S'=S+V-D (4.10)
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Vi tri méi S’ (hay 13 tuyén méi) dugc kiém tra dé dam bao rang trén tuyén
ndy tau an toan. Tiép do, chi phi trén tuyén moi duoc so sanh véi tuyén dang dugc
I trit. Néu chi phi thap hon, tic 13 tuyén méi tét hon tuyén cii, ca thé vi khuan
s€ duoc chuyén vi tri sang vi tri maoi.

Chu y rang & day, gia tri chi phi bo sung dQ dugc dua thém vao cong thc,
thé hién sy lién lac giita cac vi khuan ¢ gan nhau. Anh huong ctia dQ s& duoc néu
trong phan tiép theo.

5 _ S, §’: Current, New Strategies
1=0 Imax: No. of Tumble

Jmax: No. of Swim
D: Swim distance

e
No V = Random Vector

\I

J < Jmax N

< o 4
I §’=8S+VxD

i

Q=Q’ Is S’ safe? >
J=J+1

AN

1>

Q’ = RouteCost(S’)

Yes /\ No

Q'+dQ(s,s’) < Q?

Hinh 4.6 Di chuyén Chemotaxis cta vi khuan dé t6i vu ting budc cho tuyén

Vi khuén sé thuc hién di chuyén chemotaxis nay lap di 1dp lai mot s6 lan
nhat dinh. Tuyén duong hang hai twong mg véi vi tri vi khuan, theo d6, ciing tét
dan lén.

Y nghia ctia viéc tim kiém cuc bo thong qua cac di chuyén Chemotaxis dam
bao rang tat ca cac tuyén dudng co thé déu dugc kiém tra.

Tuy vay, sau khi thuc hi¢n cac di chuyén Chemotaxis, vi khuén chuyén dén

cac vi tri tuong rng vdi cac tuyén hang hai tot hon rat nhiéu. Néu khong co6 cac
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qué trinh khac nhu Sinh san (Reproduction), Tri¢t tiéu (Elimination) hodc Phan
tan (Dispersal) sau mot s6 du 16n cac budce di chuyén chemotaxis, nhiéu kha ning
vi khuan s& & vj tri ung véi cac gia tri tdi wu cuc bo.

Qua trinh lya chon (thiét 1ap) tuyén duong chay tau toi uu (duong di 6 loi

nhat) bang thuat toan vi khuan cai tién dugc mo ta qua cac hinh ve sau:

Hinh 4.7. Mot s6 tuyén dugc khoi tao ngau nhién trong khong gian tim kiém
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Hinh 4.8. Céc tuyén ngiu nhién sau khi dugc chinh sira trong
khong gian tim kiém

P

Hinh 4.9 Tuyén ngiu nhién sau vong lap tht i
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Hinh 4.10 Tuyén ngﬁu nhién duogc lya chon sau n vong lap
(tuyén duong c6 loi nhat)

4.3.5. Mot s6 diéu chinh (cai tién) dé ting hiéu qua lwa chon cia thuit toan
vi khuéin

4.3.5.1. Thay d6i chiéu dai buéc di chuyén (Swim length)

Viéc lya chon chiéu dai budc di chuyén chemotaxis ¢6 y nghia quan trong
bac nhat do1 véi hi¢u qua tim kiém ctia thuat toan vi khuan, béi vi:

- Budce di chuyén dai s€ 1am cho vi khuan c6 thé tién nhanh t&d1 mién chira

gia trj t6i wu. Tuy nhién, khi vi khudn di bat dau tiép can gia tri nay, néu tiép tuc

thuc hién cac budce di chuyén dai thi vi khuén s€ “nhdy” quanh gia tri t61 wu thay
vi tién td1 gan gia tri nay hon;

- Nguoc lai, néu budc di chuyén ngan, can nhic¢u thoi gian dé€ vi khuan co
thé tiép can mién chura gia tri té1 vu. Tuy nhién, khi da & gan gia tri nay, budc di

chuyén ngan gitp vi khuan c6 thé tién td1 gia tri té1 vu mot cach chac chan.
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Mot nhugce diém nita can ké téi ciia bude di chuyén ngan 13 vi khuan hau
nhu khong c6 kha ning thoat ra ngoai ving hip dan cua cac gid tri tdi uu cuc bo.

Tur nhitng diéu ndy, dé viéc tim tuyén dudng hang hai téi wu nhién liéu just
in time béng thuat toan vi khuén c6 hiéu qua, NCS sir dung mot co ché thay doi
chiéu dai budc di chuyén chemotaxis nhu sau:

- Buéc 1: Bat gia tri do dai budce di chuyén 16n (large Swim length — diarge)
dé vi khuan c6 thé nhanh chéng tiép can mién tdi vu;

- Budc 2: Néu khong thuc hién duge bude di chuyén sau mot s6 lan thir
chon trudc, bude di chuyén dugc dua vé gia tri trung binh dmedium dé vi khuan cé
thé tiép tuc tién téi mién ti wu;

- Budc 3: Néu viéc thir v6i bude di chuyén trung binh khong thanh cong
sau mot s6 1an thir, giam tiép budc di chuyén t6i gia tri nhd hon dsman;

- Budc 4: Néu khong tim duoc vi tri tét hon cho vi khudn sau 1 s6 1an thir,
chyén tro lai bude 1 dé loai trir kha nang vi khuan roi vao ving hp dan cua 1 gia
tri tdi wu cuc bo;

Nho sy thay d6i do dai bude di chuyén nay, cac vi khuan c6 kha nang tién
t61 vi tri ing v6i gia tri téi vu mot cach nhanh chong va bén virng. Pong thoi, vi
khuan ciing c6 kha ning thoat khoi ving hip dan cua cac gia tri tdi wu cuc bd.
4.3.5.2 Trao doi thong tin giira cac ca thé vi khuin

Muc ti€u cua viéc thuc hién trao dbi thong tin gifra cac ca thé vi khuén 1a
dé cho céc ca thé vi khuan c6 thé hop tac nham ting hiéu qua cta viéc tim kiém
gid tri toi uu.

Trong dé tai luan an nay, khoang cach giira 2 c4 thé vi khuan S va S
duoc dinh nghia nhu sau:

S = [P1 (1), P(2), -+, Py (D), -+, PL(N)]
Sy = [P,(1), P,(2),++, P, (@), -+, P,(N)]
then (4.11)
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N
ds, s, = | ) (P,(D) = P,(0))?
i=1

Cac vi khuan duoc goi 1a & gan (neighbors) néu khoang cach giita chiing
nhé hon mdt gia tri do ta chon. Puong nhién, dé viéc tim kiém hiéu qua, ta khong
mong muén cac vi khuan chiém cung mat vi tri hodc & vi tri qua gén nhau. Vi
vay, gia tri chi phi bd xung (dQ) duogc vi khuan sir dung dé quyét dinh viéc co

chuyén t6i vi tri tmg véi tuyén mai 1a S” hay khong. dQ duoc tinh nhu sau:

Let
{S,S,,.... S, }to be the set of neighbor bacteria of S
{d, d,,..d, }aredistances from S to its neighbor bacteria

{0,0,,..,0, tarerouted, d,,...,d,, } are costs coresponding to S,
Define

dQ(S) = Z|:_ Qexpellant(l_ddk Ji|

k=1 max

Similarly,

do(S') = Z{— ngpeuam[l—jk H

k=1 max

(4.12)

Then
dQ(S,8") =dO(S") — dO(S)
if (Qs <Qy)and (Qg <Q.(for alli=1to M))then dQ(S,S')=0

Gia tri dmax ddc trung cho mot ving duoc goi 1a viing ddy nhau (expellant
region) xung quanh mdi ca thé vi khuan va Qexpellant 12 luc ddy 16n nhat. Co ché
nay cho phép cac vi khuan phan bd xung quanh tuyén tdi vu, nhd vy tuyén nay
¢6 thé dugc xac dinh nhanh chong. Pong thoi, luc day nay giup tap hop vi khuan

khong bi hiit hét vao mot ving t6i wu cuc bo.
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4.3.6. Tong thé thuit toan xac dinh tuyén dwong t6i wu nhién liéu dua trén
nguyén tic just in time “tau dén cang kip luc”

Van dung cac phan tich va phuong phap duoc trinh bay ¢ trén, NCS da xay
dung chuong trinh xac dinh tuyén duong hang hai téi wu nhién liéu just in time
cho tau dua trén thuat toan vi khuan cai tién bang ngén ngir 1ap trinh VB 2010.

K§ thuat 1ap trinh khong phai 1a mdi quan tdm chua yéu cua dé tai nay, vi
vay chuong trinh dugc viét chua han 1 ti wu vé tdc do tinh toan hay vé viée su
dung tai nguyén may tinh. Tuy nhién, chuong trinh vin dam bao tuyén duong
duoc tinh toan hi€éu qua va nhanh chong (trong pham vi vai chuc giay).

Thuat toan téng thé co thé duoc viét nhu sau (dudi dang code gia - pseudo-
code):

A. Initialization

Initialize Grid (N _line, N _point, D point);
For bac = 1 to Ns
Initialize Bacterium(B(bac));,

Next bac

B. Evolution

For cycles = 1to N _cyc

For bac =1 to Ns

For chemo = 1 to Nc

Perform_Chemotatic_ Move(B(bac)),

Next chemo

If (Number of Unsuccessful Move

N size converted to [large/medium/small]) then

Convert_move_length from_[large/medium/small]to[medium/small/
large] (),

End if

Next bac

Sort the Bacteria and Cost _Arrays by Ascending RouteCost(B(Ns),

O(Ns));
For die no =1 to Nr
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If (Chemotatic_Move of Bacterium Count(B(die no))> N _steps to_die)
then (*)
Kill bacterium(B(die no));
B(die no) = Reprocude Bacterium (B (Ns - die_no));
End if
Next die no
For disperse no = I to Nd
rand = produce random_interger ()
Initialize Bacterium(B(rand)),;
Next disperse_no
Next cycles
C. Termination
Sort the Bacteria_and Cost Arrays by Ascending RouteCost(B(Ns),

Q(Ns));
Return B (1),

Trong d0, cac thong s thiét ké cua thuat toan c6 thé dugc dinh nghia va
gidi thich nhu sau:

N_line: S6 duong (gém céc nat) trén mang ludi

N_point: S6 nat trén mot dudng

D point: Khoang céach gitra cac nut trén duong

N_cyc: S vong lap cua thuat toan (hay sé thé hé vi khuan dugc st dung
trong thudt todn)

Ns: S6 vi khuan trong tip hop vi khuan

B(Ns): Tap hop vi khuan

Q(Ns): Mang cac gid tri chi phi tmg véi mdi ca thé vi khuan

Nr: S6 vi khuan bi chét trong mdi vong lap (ciing chinh 1a sé vi khuan thuc
hién qua trinh sinh san)

Nd: S6 vi khuén bi triét tiéu - eliminated (ciing bang s vi khuan duoc phan
tan — dispersed) trong mdi chu ky

Nec: S6 di chuyén chemotaxis ctia mot c4 thé vi khuan trong moi vong lip
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N _size converted to large: S6 lan thtr di chuyén khong thanh cong lién
tuc trude khi budc di chuyén dugc chuyén tir nho (d_small) sang 16n (d_large)

N size converted to medium: S 1an thir di chuyén khong thanh cong lién
tuc trudc khi bude di chuyén dugc chuyén tir 16n (d_large) sang trung binh
(d_medium)

N_size converted to_small: S 1an thir di chuyén khong thanh cong lién
tuc trude khi budc di chuyén duge chuyén tir trung binh (d_medium) sang nho
(d_small)

N_steps_to_die: S6 bude di chuyén mot ca thé vi khudn can thuc hién toi
khi vi khuan duoc goi 1a truéng thanh

Luu ¥ rang vi khuan khong “Chét” trudc khi no da “trudng thanh”, tic 1a
ta cho vi khuan thuc hién viéc tim kiém gia tri toi uu cuc bd it nhat mot s lan
nhat dinh trudc khi loai bo vi khuan dé. Piéu nay cho phép ving tim kiém quanh
vi khuan duoc khai thac triét dé trong qué trinh tim kiém gia trj t6i uu.

4.4. Xay dung phin mém tinh toan va mé hinh mé phéng két qua tinh toan
tuyén dwong chay tau t6i wu nhién liéu dua trén nguyén tic just in time “tau

dén cang Kkip lic” bang thuit toan vi khuén cai tién

Hinh 4.9 Giao dién ding nhap phan mém tinh toan tuyén duong chay tau ti uu

just in time bang thuat toan vi khuan cai tién
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Hinh 4.10. Giao dién phan mém tinh toan tuyén duong chay tau tdi wu just in

time bang thuat toan vi khuan cai tién
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Hinh 4.11 Giao dién phan mém khi cap nhat thong tin thoi tiét dang sd
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St dung phin mém tinh toan tuyén duong chay tau t6i uu nhién liéu dyua

trén nguyén tic just in time bang thuat toan vi khuan cai tién, ngudi S§ quan Hang

hai can:

- Chon cac ché d vong tua may (vong quay chan vit - rpm);

- Nhap cac han ché thai tiét;

- Nhép cac vi dg, kinh dd gidi han;
- Nhép thoi gian yéu cau tau dén;

- Nhép cac dudng han ché;

- Chay phan mém tinh toan tuyén duong;

- Kiém tra tuyén dudng tinh toan, tinh lai dé nang cao chat luong (néu can);

- Kiém tra dé thay doi cac diéu kién gidi han néu thoi gian tau dén khong

dap ung yéu cau.
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Hinh 4.12 Giao dién phan mém mo ta cic tuyén dudng ngiu nhién duoc

tinh toan trong khong gian tim kiém
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Hinh 4.13 Giao dién phan mém tuyén dudng chay tau tbi wu nhién liéu just in
time “tau dén cang kip lac” duoc tinh toan

4.5. Két luan chwong 4

Két thic chuong 4, NCS dat dugc cac muyc ti€u nghién ctru chinh sau:

- Nghién ctru ky thuat toan vi khuan c¢6 dién va cac cai tién cua thuat toan
vi khuan dé img dung hiéu qua cho nhiéu linh vyc khac nhau;

- Xay dung ham muc tiéu tuyén duong chay tau tdi vu nhién liéu dya trén
nguyén tic just in time "tau dén cang kip luc"

- Xay dyng so do tong quat tinh toan tuyén dudng chay tau tdi wu nhién
lidu dya trén nguyén tac just in time;

- Xay dyng thuat toan BFO cii tién (thich nghi) tinh toan tuyén duong chay
tau t61 wu nhién liéu dya trén nguyén tic just in time;

- Xay dung phan mém tinh todn va mé hinh mé phong két qua tinh toan

tuyén duong chay tau t6i wu nhién liéu dya trén nguyén tic just in time.
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KET LUAN VA HUONG NGHIEN CUU TIEP THEO
Két luan

Dé tai luan an tién si “Nghién ctru xdy dung thuét todn ngu nhién tinh
toan tuyén dudng va ké hoach chay tau tdi vu trén co s¢ anh hudng cua cac yéu
t6 thoi tiét” nham ting hiéu qua st dung ning luong va giam phat thai khi nha
kinh tir tau bién 1a mot dé tai mang tinh thoi su, cap thiét va thuc tién cao. San
pham nghién ctru ctia dé tai luan an c6 ¥ nghia khoa hoc, thuc tién va thé hién
duoc tinh méi cua mot dé tai ludn 4n tién si.

NCS trinh bay d@ tai luan 4n mach lac; bd cuc dé tai chit chg, logic; ndi
dung dé tai day du, r6 rang; tai liéu tham khao trich dan trung thuc.

Két thuc dé tai luan an, NCS dat duoc mot sd két qua nghién ctru chinh
nhu sau:

(1) Xay dung phan mém thu thap va xir Iy thong tin thoi tiét phuc vu
tinh toan tuyén duong va ké hoach chay tau tdi wu, cu thé:

- Trich xuat, tong hop va phan tich ban tin séng toan cau, ban tin gi6
toan cau duoc dinh dang Grib 2 tir co s¢ dit li€u ctia Vién nghién ctru phat trién
bén vitng khi quyén nhén loai thudc Pai hoc Kyoto, Nhat Ban (goi tat 1a RISH
— Research, Institute for Sustainable Humanoshere);

- Trich xuat, tong hop va phan tich dir liéu dong chay dai duong theo
thoi gian thuc dugc dinh dang netCDF tir co s¢ dit li€u cua Dy &an nghién ctru,
phan tich dong chay dai duong theo thoi gian thuc, Phong thi nghiém stic day
phan luc, Vién Cong nghé California, My (goi tat 1a OSCAR — Ocean Surface
Current Analysis Real-time).

(2) Ung dung phuong phap binh phuong nhé nhét va ngdn ngit 1ap trinh
Visual basic xay dung phdn mém tong hop, phan tich dic tinh thay di téc do
va dic tinh nhién lidu tau bién trong timg diéu kién hanh hai cu thé phuc vu

tinh toan tuyén dudng va ké hoach chay tau toi wu.
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- NCS xac dinh dic tinh thay dbi téc do va dic tinh tiéu thy nhién liéu
tau bién trong timg diéu kién hanh hai cu thé bang phuong phap binh phuong
nho nhat;

- NCS x4y dyng phan mém tong hop, phan tich dic tinh thay d6i tbc do
va dic tinh tiéu thu nhién liéu tau bién trong tirng diéu kién hanh hai cu thé
phuc vu tinh toan tuyén duong va ké hoach chay tau tbi wu.

(3) Nghién ctru xay dung thuét toan vi khuan cai tién dé tinh toan tuyén
dudng chay tau toi vu nhién lidu dya trén nguyén tic just in time “tau dén cang
kip lac”.

- NCS xay dung ham muyc tiéu cho bai toan tinh toan tuyén dudng chay
tau toi vu nhién lidu dva trén nguyén tic just in time “tau dén cang kip luc”;

- NCS x4y dung so d6 tong quat cho bai toan tinh toan tuyén duong
chay tau toi wu nhién liéu dya trén nguyén tic just in time “tau dén cang kip
luc”;

- NCS dua ra mét s cai tién (diéu chinh) cho thuat toan vi khuan dé
tang hiéu qua lya chon tuyén duodng tdi vu nhién liéu dya trén nguyén tic just
in time “tau dén cang kip luc”;

- NCS xay dung phan mém tinh toan va mo hinh mé phong két qua tinh
toan tuyén duong chay tau toi wu nhién liéu dua trén nguyén tic just in time
“tau dén cang kip luc”.

Huéng nghién ciru tiép theo

Mot s6 van d& NCS du kién can nghién ctru thém, gom:

- Xay dung co ché trao doi thong tin vé tuyén duong chay tau khuyén
c4o t6i wu nhién liéu dua trén nguyén tic just in time “tau dén cang kip luc”
giita tdu va bo (trich xuat cac diém chuyén hudng va ché 46 may trén timg doan

tuyén);
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- Nghién ctru, xac dinh di€u kién song té1 han (d0 cao song téi han) dé
dam bdo an toan cho tau, hang hoda va con nguoi;
- Nghién ctru, thir nghi€ém, danh gia thuc t€ cac san pham nghién clru cua

dé tai luan 4n tién t6i a4p dung hiéu qua cho doi tau bién Viét Nam.
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PHU LUC
DANH MUC MA CODE

1. Tinh toan tuyén duwong chay tau
Imports System.IO

Public Class CTMPRouteForShowing
Public wpsLat() As Double
Public wpslon() As Double
Public travTime() As Double
Public travDist() As Double
Public preceding As String

Public Sub New()
End Sub

Public Sub New(ByRef st As String)
Dim v() As String = Split(st, ";")

preceding = v(0)

If v.Length < 2 Then
wpsLat = Nothing
wpslon = Nothing
Exit Sub

End If

Dim No As Integer = Val(v(1))

If v.Length <> 2 + No * 2 + (No - 1) * 2 Then
wpsLat = Nothing
wpslon = Nothing
Exit Sub

End If

If No > @ Then
ReDim wpsLat(No - 1)
ReDim wpslon(No - 1)
ReDim travTime(No - 2)
ReDim travDist(No - 2)

Dim count As Integer = 2

For I As Integer = @ To wpsLat.Length - 1
wpsLat(I) = Val(v(count))
count += 1

wpslon(I) = Val(v(count))
count += 1
Next

For I As Integer = @ To travTime.Length - 1
travTime(I) = Val(v(count))
count += 1

travDist(I) = Val(v(count))
count += 1
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Next

End If
End Sub

Public Function ToStringFormat() As String
Dim st As String = preceding & ";" & wpsLat.Length
For I As Integer = @ To wpslLat.Length - 1
st = st & ";" & wpsLat(I) & ";" & wpslon(I)
Next

For I As Integer = O To wpsLat.Length - 2
st = st & ";" & travTime(I) & ";" & travDist(I)
Next

Return st
End Function

Public Function TotalTime() As Double
Dim retn As Double = @
If IsNothing(travTime) = False Then
For I As Integer = @ To travTime.Length - 1
retn += travTime(I)
Next
End If

Return retn
End Function

Public Function TotalDist() As Double
Dim retn As Double = @
If IsNothing(travDist) = False Then
For I As Integer = © To travDist.Length - 1
retn += travDist(I)
Next
End If

Return retn
End Function
End Class

Public Class CSuggestRoutelist
Public routelist() As CTMPRouteForShowing
Public tmpFilename As String

Public Sub Init(ByVal filename As String)
tmpFilename = filename

Dim st() As String = mGlbReadStringsFromFile(filename)
If IsNothing(st) = True Then

routelist = Nothing

Exit Sub
End If

ReDim routelist(st.Length - 1)
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Dim count As Integer = 0@
For I As Integer = © To st.Length - 1
routelist(count) = New CTMPRouteForShowing(st(I))
If IsNothing(routelist(count).wpsLat) = False Then
count += 1
End If
Next

If count > @ Then
ReDim Preserve routelist(count - 1)
Else
routelist = Nothing
End If
End Sub

Public Sub DeleteARoute(ByVal idx As Integer)
If routelist.Length = 1 Then
routelist = Nothing

Else

For I As Integer = idx To routelist.Length - 2
routelist(I) = New CTMPRouteForShowing(routelist(I +
1).ToStringFormat)

Next
ReDim Preserve routelist(routelist.Length - 2)

End If

WriteToFile()

End Sub

Public Sub WriteToFile()
Dim stWrite As StreamWriter = New StreamWriter(tmpFilename, False)
If IsNothing(routelist) = False Then
For I As Integer = © To routelist.Length - 1
stWrite.WriteLine(routelist(I).ToStringFormat)
Next
End If
stWrite.Close()
End Sub

'Public Sub WriteBestROuteToFile(ByVal filename As String)
! Dim stWrite As StreamWriter = New StreamWriter(filename, True)
Dim st As String = mGlbTimeOfUpdateToString() & ";" &
bacteria(qualitySort(@)).WPs.Length
' For I As Integer = @ To bacteria(qualitySort(@)).WPs.Length - 1
' st = st & ";" & bacteria(qualitySort(0)).WPs(I).lat & ";" &
bacteria(qualitySort(@)).WPs(I).lon
' Next

For I As Integer = @ To bacteria(qualitySort(@)).WPs.Length - 2
' st = st & ";" & bacteria(qualitySort(@)).travTime(I) & ";" &
bacteria(qualitySort(0)).dist(I)
' Next
' stWrite.WritelLine(st)

' stWrite.Close()
"End Sub

End Class
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Public Class C8PlannedRoutelist
Public routes() As C8Route
Public routeNames() As String

Public Function mGlbFcnGetPlannedRouteFilename(ByVal IMO As String) As String
Dim retn As String = mGlbFcnGetVesselFolderName() &
I0.Path.DirectorySeparatorChar & "plannedroutefile"
Return retn
End Function

Public Sub Init()
Dim filename As String = mGlbFcnGetPlannedRouteFilename(mGlbShipInfo.IMO)
Dim stRead As StreamReader = New StreamReader(filename)
Dim st() As String = Nothing

Try
Dim tmp As String = stRead.ReadToEnd()
st = Split(tmp, vbCrLf)
stRead.Close()
Catch ex As Exception
MsgBox(ex.ToString)
End Try

If IsNothing(st) = False Then
Init(st)
Else
routeNames = Nothing
routes = Nothing
End If
End Sub

Public Sub Init(ByRef st() As String)
ReDim routes(st.Length - 1)
ReDim routeNames(st.Length - 1)
Dim v() As String
Dim tmp As Integer

For I As Integer = © To routes.Length - 1
v = Split(st(I), ";")
routeNames(I) = v(1)

tmp = (v.Length - 4) / 6

ReDim routes(I).WPs(tmp)

ReDim routes(I).dir(tmp - 1)
ReDim routes(I).dist(tmp - 1)
ReDim routes(I).travRPM(tmp - 1)
ReDim routes(I).travTime(tmp - 1)

For J As Integer = © To routes(I).WPs.Length - 1
If J < routes(I).WPs.Length - 1 Then
routes(I).WPs(J) = New C8WayPoint(Val(v(2 + J * 6)), Val(v(2 + 3]
*6+1)))
routes(I).dir(J3) = Val(v(2 + J * 6 + 2))
routes(I).dist(J) = Val(v(2 + J * 6 + 3))
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routes(I).travRPM(J) = Val(v(2 + J * 6 + 4))
routes(I).travTime(J) = Val(v(2 + J * 6 + 5))

Else
routes(I).WPs(J) = New C8WayPoint(Val(v(2 + J * 6)), Val(v(2 + J

* 6+ 1)))
End If
Next
Next

Dim tmpRoute As C8Route = New C8Route()

Dim tmpName As String

For I As Integer = @ To routes.Length - 2

For J As Integer = I + 1 To routes.Length - 1
If String.Compare(routeNames(I), routeNames(J), True) > © Then

tmpRoute.CopyFrom(routes(I))
routes(I).CopyFrom(routes(J))
routes(J).CopyFrom(tmpRoute)

tmpName = routeNames(I)
routeNames(I) = routeNames(3J)
routeNames(J) = tmpName
End If
Next
Next
End Sub

Public Function AddRoute(ByRef aRoute As C8Route, ByRef routename As String) As
Integer
Dim idx As Integer = 0@
If IsNothing(routes) = True Then
idx = routes.Length
For I As Integer = @ To routeNames.Length - 1
If String.Compare(routename, routeNames(I), True) = @ Then
idx = -1
End If
Next
End If

If idx = -1 Then Return -1

ReDim Preserve routeNames(idx)

ReDim Preserve routes(idx)

routeNames(idx) = routename.Replace(";", ",")
routes(idx) = New C8Route()
routes(idx).CopyFrom(aRoute)

SaveToFile()

Return 1
End Function

Public Function DeleteRoute(ByVal routeName As String) As String
Dim idx As Integer = -1

If IsNothing(routes) = False Then
For I As Integer = O To routes.Length - 1
If String.Compare(routeName, routeNames(I), True) = © Then
idx = I
Exit For
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End If
Next
End If

If idx > -1 Then
DeleteRoute(idx)
Return 1
Else
Return -1
End If
End Function

Public Sub DeleteRoute(ByVal idx As Integer)
If IsNothing(routes) = True Then Exit Sub
If routes.Length = 1 Then
routes = Nothing
routeNames = Nothing
SaveToFile()

Else
For I As Integer = idx To routeNames.Length - 2
routes(I).CopyFrom(routes(I + 1))
routeNames(I) = routeNames(I + 1)
Next

ReDim Preserve routes(routes.Length - 2)
ReDim Preserve routeNames(routeNames.Length - 2)
SaveToFile()
End If
End Sub

Public Sub SaveToFile()
End Sub
End Class

Public Class C8RouteExplorer
Public weatherDB As C8WeatherDB

'Public RpmAndSpeedCharUsed As C8ShipSpeedCharSet

Public normSpdChar As C3NormSpeedForAl1lRPM
Public standardRpmDraftTrim As C7StandardRpmDraftTrim
Public totalSpdChar As C7TotalShipSpeedChar

Public limitlines() As C8LimitLine
Public limitWaveHeight As Double
Public limitWndSpeed As Double
Public limitLowLat As Double
Public limitUpLat As Double

Public limitLeftLon As Double
Public limitRightLon As Double

Public draft As Double

Public trm As Double

Public rpml As Double

Public rpm2 As Double

Public fuelTonsConsumel As Double
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Public fuelTonsConsume2 As Double

Public routeCal As C8RouteMathCal
Public IsPassingDaylLine As Integer
Public lonDiff As Double

Public depWP As C8WayPoint

Public desWP As C8WayPoint

Public depTime As Date

Public timeStep As Integer = 2

Public maxSwimLength As Integer = 4
Public baseshiftDist As Double = 2

Public bacteria() As C8Route
Public RpmShiftPointIdx() As Integer

Public TimeAllowToReachDest_Hour As Double
Public FuelAllowToReachDest_Ton As Double

Public qualitySort() As Integer
Public bacNew() As Integer

Public searchDir As Integer ' 1:Long - 90 2:Lat-0 3:Diag-45
Public rumlineDist As Double

Public CS As Double
Public SN As Double

Public Sub New()
End Sub

Public Sub InitExplorer(ByRef limits() As C8LimitlLine, ByVal limUpLat As Double,
ByVal limLowLat As Double, ByVal limLftLon As Double, ByVal limRgtLon As Double,
ByVal limWav As Double, ByVal limWnd As Double, ByRef stTime As Date, ByRef stWP As
C8WayPoint, ByRef enWP As C8WayPoint, ByRef tmpRPM1 As Double, ByRef tmpRPM2 As
Double, ByRef tmpDraft As Double, ByRef tmpTrim As Double)

trm = tmpTrim
draft = tmpDraft
rpml = tmpRPM1
rpm2 = tmpRPM2

standardRpmDraftTrim = New C7StandardRpmDraftTrim()
standardRpmDraftTrim.Init()

normSpdChar = New C3NormSpeedForAl1RPM()
normSpdChar.Init(standardRpmDraftTrim)

totalSpdChar = New C7TotalShipSpeedChar()
totalSpdChar.Init()

routeCal = New C8RouteMathCal()
depWP = New C8WayPoint(stWP)
desWP = New C8WayPoint(enWP)

depTime = DateAdd(DateInterval.Hour, ©, stTime)

144



limitLowLat = limLowlLat
limitUpLat = limUpLat

If limitUpLat <= routeCal.Max(depWP.lat, desWP.lat) + 5.5 Then
limitUpLat = routeCal.Max(depWP.lat, desWP.lat) + 5.5
End If

If limitLowlLat >
limitLowLat
End If

routeCal.Min(depWP.lat, desWP.lat) - 5.5 Then
routeCal.Min(depWP.lat, desWP.lat) - 5.5

limitLeftLon = limLftLon
limitRightlLon = limRgtLon

limitWaveHeight = limWav
limitWndSpeed = limWnd

lonDiff = enWP.lon - stWP.lon

Dim isW As Integer = 0@

If lonDiff >= 180 Then
lonDiff -= 360
IsPassingDaylLine = 1

ElseIf lonDiff < -180 Then
lonDiff += 360
IsPassingDayline = 1

End If

If IsPassingDaylLine = 1 Then
If depWP.lon < © Then depWP.lon += 360
If desWP.lon < © Then desWP.lon += 360

If limitLeftLon < © Then limitLeftLon += 360
If limitRightlLon < @ Then limitRightLon += 360
End If

If limitLeftLon >= routeCal.Min(depWP.lon, desWP.lon) - ©.5 Then
limitLeftLon = routeCal.Min(depWP.lon, desWP.lon) - 0.5
End If

If limitRightLon <= routeCal.Max(depWP.lon, desWP.lon) + 0.5 Then
limitRightLon = routeCal.Max(depWP.lon, desWP.lon) + 0.5
End If

Dim tmpDir As Double = routeCal.Direction_rad(depWP, desWP) / routeCal.toRad
If tmpDir > 180 Then tmpDir -= 180

If tmpDir <= 20 Or tmpDir >= 160 Then
searchDir = 1

ElseIf tmpDir >= 70 And tmpDir <= 110 Then
searchDir = 2

Else
searchDir = 3

End If

rumlineDist = routeCal.Distance(depWP, desWP) / 60
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InitLimits(limits)
End Sub

Public Sub InitWeatherDB(ByRef orgWeatherDB As C8BaselWeatherDB)
weatherDB = New C8WeatherDB()

Dim lat@ As Double = routeCal.Min(depWP.lat, desWP.lat)
late = CType(late - 20, Integer)
If lat@ < -70 Then lato@ = -70

Dim latl As Double = routeCal.Max(depWP.lat, desWP.lat)
latl = CType(latl + 20, Integer)
If latl > 70 Then latl = 70

Dim latNo As Integer = (latl - late) / 0.5

Dim lon@ As Integer = Math.Floor(routeCal.Min(depWP.lon, desWP.lon))
If lonDiff < 10 Then lon@ = lone - 10

Dim lonl As Integer = Math.Floor(routeCal.Max(depWP.lon, desWP.lon))
If lonDiff < 10 Then lonl = lonl + 10

Dim lonNo As Integer = (lonl - lon®@) / 0.5

weatherDB.InitWholeMessagesFromBaseWeatherMessage(orghWeatherDB, depTime,
late, latNo, lon@, lonNo)

End Sub

Public Sub InitLimits(ByRef orgLimits() As C8LimitLine)
If IsNothing(orgLimits) = True Then
limitlines = Nothing
Exit Sub
End If

ReDim limitlines(orglLimits.Length - 1)
Dim count As Integer = ©

For I As Integer = © To orglLimits.Length - 1
If IsLimitLineInvolved(orgLimits(I)) > © Then
limitlines(count) = New C8LimitLine(orgLimits(I))
limitlines(count).GetLimitLonLat()
count += 1
End If
Next
If count > @ Then
ReDim Preserve limitlines(count - 1)
Else
limitlines = Nothing
End If
End Sub

Public Function IsLimitLineInvolved(ByRef alimLine As C8LimitlLine) As Integer
If limitLeftLon < limitRightLon Then
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For I As Integer = @ To alimLine.wps.Length - 1
If alimLine.wps(I).lon >= limitLeftLon And alimLine.wps(I).lon <=
limitRightLon Then
Return 1
End If
Next

Else
For I As Integer = © To alimLine.wps.Length - 1
If alimLine.wps(I).lon >= limitLeftLon Or alimLine.wps(I).lon <=
limitRightLon Then

Return 1
End If
Next
End If
Return ©

End Function

Public Function CheckLimitsValid(ByRef wpl As C8WayPoint, ByRef wp2 As
C8WayPoint, ByRef wp3 As C8WayPoint) As Boolean
If wp2.lat > limitUpLat Or wp2.lat < limitLowLat Then Return False
For I As Integer = @ To limitlines.Length - 1
If limitlines(I).IsCross(wpl, wp2, routeCal) = True Then
Return False
End If

If limitlines(I).IsCross(wp2, wp3, routeCal) = True Then
Return False
End If
Next

Return True
End Function

Public Sub RouteExplore(ByVal NoOfBac As Integer, ByVal NoOfSwim As Integer,
ByVal NoOfSlide As Integer, ByVal NoOfCouling As Integer, ByVal NeighbourDist As
Double, ByRef NoOfRenew As Integer, ByVal NoOfGeneration As Integer)

InitSwarm(NoOfBac)

For I As Integer = @ To NoOfGeneration
BacteriaSwarmSearch(NoOfSwim, NoOfSlide)
QualitySorting()

BacterialSwarming(NoOfCouling, NeighbourDist, NoOfRenew)

Next

QualitySorting()
End Sub

Public Sub ImproveRoute(ByVal NoOfSwim As Integer, ByVal NoOfSlide As Integer,
ByVal NoOfCouling As Integer, ByVal NeighbourDist As Double, ByRef NoOfRenew As
Integer, ByVal NoOfGeneration As Integer)

Dim tmp As Double = bacteria(®).Quality
For I As Integer = @ To NoOfGeneration
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BacteriaSwarmSearch(NoOfSwim, NoOfSlide)

QualitySorting()

BacterialSwarming(NoOfCouling, NeighbourDist, NoOfRenew)
Next

Dim tmpp As Double = bacteria(®).Quality - tmp
QualitySorting()
End Sub

Public Function InitSwarm(ByVal NoOfBac As Integer) As Boolean
ReDim bacteria(NoOfBac - 1)
ReDim qualitySort(NoOfBac - 1)
ReDim bacNew(NoOfBac - 1)
ReDim RpmShiftPointIdx(NoOfBac - 1)

Dim count As Integer = 0
For I As Integer = © To bacteria.lLength * 14
If RandomInitABacteria(bacteria(count), count) = True Then
count += 1

Else
Dim tt As Double
tt =0

End If

If count >= bacteria.lLength Then
Exit For
End If
Next

If count > @ Then
ReDim Preserve bacteria(count - 1)
ReDim Preserve qualitySort(count - 1)
ReDim Preserve bacNew(count - 1)
ReDim Preserve RpmShiftPointIdx(count - 1)

'Dim tmpTime As Date = depTime

'For I As Integer = @ To bacteria.Length - 1

' ReDim bacteria(I).dir(bacteria(I).WPs.Length - 2)
ReDim bacteria(I).dist(bacteria(I).WPs.Length - 2)
ReDim bacteria(I).travTime(bacteria(I).WPs.Length - 2)
ReDim bacteria(I).travRPM(bacteria(I).WPs.Length - 2)

tmpTime = depTime
' For J As Integer = @ To bacteria(I).WPs.Length - 2

' bacteria(I).dir(3) = routeCal.Direction_rad(bacteria(I).WPs(3J),
bacteria(I).WPs(J + 1))

! bacteria(I).dist(J) = routeCal.Distance(bacteria(I).WPs(J),
bacteria(I).WPs(J + 1))

! If J <= RPMShiftWPidx Then

' bacteria(I).travTime(J) = routeCal.CalculateTime(tmpTime,
bacteria(I).WPs(J), bacteria(I).WPs(J + 1), bacteria(I).dist(J), bacteria(I).dir(3),
VssSpdChar (@), weatherDB, limitWaveHeight, limitWndSpeed)

' bacteria(I).travRPM(J) = RPMUsed(9)

! Else
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' bacteria(I).travTime(J) = routeCal.CalculateTime(tmpTime,
bacteria(I).WPs(J), bacteria(I).WPs(J + 1), bacteria(I).dist(J), bacteria(I).dir(3J),
VssSpdChar(1), weatherDB, limitWaveHeight, limitWndSpeed)

bacteria(I).travRPM(J) = RPMUsed(1)
' End If
' tmpTime = DateAdd(DatelInterval.Hour, bacteria(I).travTime(3J),
tmpTime)
! Next
' bacteria(I).CalculateQuality()
'Next
Return True
Else

bacteria = Nothing

qualitySort = Nothing
bacNew = Nothing
RpmShiftPointIdx = Nothing

Return False
End If
End Function

Public Function IsCrossLimits(ByRef
As Boolean
If IsNothing(limitlines) = True

If (wpl.lon > 150 And wp2.lon <

wpl As C8WayPoint, ByRef wp2 As C8WayPoint)

Then Return False

-150) Then

Dim wp3 As C8WayPoint = New
Dim wp4 As C8WayPoint = New
wp3.lon = wpl.lon - 360
wpd.lon = wp2.lon + 360

C8WayPoint(wpl)
C8WayPoint(wp2)

For I As Integer = © To limitlines.Length - 1

If limitlines(I).IsCross(wpl, wp4, routeCal) = True Then
Return True

End If

If limitlines(I).IsCross(wp2, wp3, routeCal) = True Then

Return True
End If
Next

ElseIf (wp2.lon > 150 And wpl.lon < -150) Then
Dim wp3 As C8WayPoint = New C8WayPoint(wpl)
Dim wp4 As C8WayPoint = New C8WayPoint(wp2)
wp3.lon = wpl.lon + 360
wp4.lon = wp2.lon - 360
For I As Integer = @ To limitlines.Length - 1

If limitlines(I).IsCross(wpl, wp4, routeCal) = True Then
Return True

End If
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If limitlines(I).IsCross(wp2, wp3, routeCal) = True Then
Return True
End If
Next

Else
For I As Integer = @ To limitlines.Length - 1
If limitlines(I).IsCross(wpl, wp2, routeCal) = True Then
Return True
End If
Next

End If

Return False
End Function

Public Function IsCrossLimits(ByRef wpl As C8WayPoint, ByRef wp2 As C8WayPoint,
ByRef wp3 As C8WayPoint) As Boolean
If IsCrossLimits(wpl, wp2) = True Then Return True
If IsCrossLimits(wp2, wp3) = True Then Return True

Return False
End Function

Public Sub WriteBestROuteToFile(ByVal filename As String)
Dim stWrite As StreamWriter = New StreamWriter(filename, True)
Dim st As String = mGlbTimeOfUpdateToString() & ";" &
bacteria(qualitySort(@)).WPs.Length
For I As Integer = © To bacteria(qualitySort(@)).WPs.Length - 1
st = st & ";" & bacteria(qualitySort(®)).WPs(I).lat & ";" &
bacteria(qualitySort(9)).WPs(I).lon
Next

For I As Integer = @ To bacteria(qualitySort(®0)).WPs.Length - 2
st = st & ";" & bacteria(qualitySort(0)).travTime(I) & ";" &
bacteria(qualitySort(0)).dist(I)
Next
stWrite.WriteLine(st)

stWrite.Close()
End Sub

Public Function RandomInitABacteria(ByRef bac As C8Route, ByVal bacIdx As
Integer) As Boolean
bac = New C8Route()
Dim NoOfDivide As Integer = ©
NoOfDivide = rumlineDist / 50
If NoOfDivide < 1@ Then NoOfDivide = 10

Dim dlon As Double
Dim dlat As Double

ReDim bac.WPs(NoOfDivide)
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dlon
dlat

lonDiff / NoOfDivide
(desWP.lat - depWP.lat) / NoOfDivide

bac.WPs(@) = New C8WayPoint(depWP.lat, depWP.lon)
bac.WPs(bac.WPs.Length - 1) = New C8WayPoint(desWP.lat, desWP.lon)

If searchDir = 2 Then
If RandomInitBacteriaCase@(bac, NoOfDivide, dlat, dlon) < 1 Then Return

False
ElseIf searchDir = 1 Then
If RandomInitBacteriaCasel(bac, NoOfDivide, dlat, dlon) < 1 Then Return
False
Else
If RandomInitBacteriaCase2(bac, NoOfDivide, dlat, dlon) < 1 Then Return
False

End If

ReDim bac.dir(bac.WPs.Length - 2)
ReDim bac.dist(bac.WPs.Length - 2)
ReDim bac.travTime(bac.WPs.Length - 2)
ReDim bac.travRPM(bac.WPs.Length - 2)
ReDim bac.fuelTpH(bac.WPs.Length - 2)

Dim tmpTime As Date = DateAdd(DateInterval.Minute, ©, depTime)
RpmShiftPointIdx(bacIdx) = bac.WPs.Length * ©.7

For J As Integer = © To bac.WPs.Length - 2
bac.dir(J) = routeCal.Direction_rad(bac.WPs(J), bac.WPs(J + 1))
bac.dist(J) = routeCal.Distance(bac.WPs(J), bac.WPs(J + 1))

If J <= RpmShiftPointIdx(bacIdx) Then
bac.travRPM(J) = rpml
bac.fuelTpH(J) = fuelTonsConsumel

Else
bac.travRPM(J) = rpm2
bac.fuelTpH(J) = fuelTonsConsume2
End If

bac.travTime(J) = routeCal.CalculateTime(tmpTime, bac.WPs(J), bac.WPs(J
+ 1), bac.dist(J), bac.dir(3), totalSpdChar, weatherDB, limitWaveHeight,
limitWndSpeed, bac.travRPM(J), draft, trm, normSpdChar)
If bac.travTime(J) >= mGlbInfinite Then
Return False
End If

tmpTime = DateAdd(DateInterval.Hour, bac.travTime(J), tmpTime)
Next

bac.CalculateQuality(TimeAllowToReachDest_Hour, FuelAllowToReachDest_Ton)
Return True

End Function

Public Function RandomInitBacteriaCase@(ByRef bac As C8Route, ByRef NoOfDivide
As Integer, ByRef dlat As Double, ByRef dlon As Double) As Integer
Dim count As Integer
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Dim tmp As Double = Rnd()
Dim udb As Integer =1

If tmp < 0.4 Then
udb = 1

ElseIf tmp > 0.6 Then
udb = 2

Else
udb = 3

End If

cs
SN

1
0

For I As Integer = 1 To NoOfDivide - 1
count = 0
bac.WPs(I) = New C8WayPoint(depWP.lat + I * dlat, depWP.lon + I * dlon)

While count < 100
count += 1

If udb = 1 Then
bac.WPs(I).lat += (limitUpLat - bac.WPs(I).lat) * Rnd()
ElseIf udb = 2 Then
bac.WPs(I).lat += (limitLowLat - bac.WPs(I).lat) * Rnd()
Else
If Rnd() > 0.5 Then
bac.WPs(I).lat += (limitUpLat - bac.WPs(I).lat) * Rnd()
Else
bac.WPs(I).lat += (limitLowlLat - bac.WPs(I).lat) * Rnd()
End If
End If

If I < NoOfDivide - 1 Then
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I)) = False Then

Exit While
End If
Else
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I), bac.WPs(I + 1)) =
False Then
Exit While
End If
End If
End While
If count = 100 Then Return ©
Next
Return 1

End Function

Public Function RandomInitBacteriaCasel(ByRef bac As C8Route, ByRef NoOfDivide
As Integer, ByRef dlat As Double, ByRef dlon As Double) As Integer
Dim count As Integer
Dim tmp As Double = Rnd()
Dim udb As Integer =1

If tmp < 0.4 Then
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udb = 1
ElseIf tmp > 0.6 Then

udb = 2
Else

udb = 3
End If
CS =20
SN =1

For I As Integer = 1 To NoOfDivide - 1
count = 0
bac.WPs(I) = New C8WayPoint(depWP.lat + I * dlat, depWP.lon + I * dlon)

While count < 100
count += 1

If udb = 1 Then
bac.WPs(I).lon += (limitRightLon - bac.WPs(I).lon) * Rnd()
ElseIf udb = 2 Then
bac.WPs(I).lon += (limitLeftLon - bac.WPs(I).lon) * Rnd()
Else
If Rnd() > 0.5 Then
bac.WPs(I).lon += (limitRightLon - bac.WPs(I).lon) * Rnd()
Else
bac.WPs(I).lon += (limitLeftLon - bac.WPs(I).lon) * Rnd()
End If
End If

If I < NoOfDivide - 1 Then
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I)) = False Then
Exit While
End If
Else
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I), bac.WPs(I + 1)) =
False Then
Exit While
End If
End If
End While

If count = 100 Then Return ©
Next
Return 1
End Function

Public Function RandomInitBacteriaCase2(ByRef bac As C8Route, ByRef NoOfDivide
As Integer, ByRef dlat As Double, ByRef dlon As Double) As Integer
Dim count As Integer
Dim tmp As Double = Rnd()
Dim udb As Integer =1

If tmp < 0.4 Then

udb = 1

ElseIf tmp > 0.6 Then
udb = 2

Else
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udb = 3
End If

Dim dir As Double = routeCal.Direction_rad(depWP, desWP)
dir = dir + Math.PI / 2

cs
SN

Math.Cos(dir)
Math.Sin(dir)

For I As Integer 1
count %]

bac.WPs(I)

New

To NoOfDivide - 1

C8WayPoint(depWP.lat + I * dlat, depWP.lon + I * dlon)

While count < 100

count += 1

If udb = 1 Then

tmp = rumlineDist
bac.WPs(I).lat +=
bac.WPs(I).lon +=

If bac.WPs(I).lon
limitRightLon Or bac.WPs(I).lat < limitLowLat Or bac
bac.WPs(I).lat -

* 0.4 * Rnd()
tmp * CS

tmp * SN

< limitLeftLon Or bac.WPs(I).lon >
WPs(I).lat > limitUpLat Then

tmp * CS

bac.WPs(I).lon -= tmp * SN

End If

ElseIf udb =

2 Then

tmp = -rumlineDist * 0.4 * Rnd()

bac.WPs(I).lat +=
bac.WPs(I).lon +=

If bac.WPs(I).lon

limitRightLon Or bac.WPs(I).

bac.WPs(I).lat -
bac.WPs(I).lon -

End If

Else
If Rnd()
tmp

bac.WPs(I).lat +=
bac.WPs(I).lon +=

If bac.WPs(I).lon

limitRightLon Or bac.WPs(I).

End

Else
tmp
bac.
bac.

If bac.WPs(I).lon

limitRightLon Or bac.WPs(I).

tmp * CS
tmp * SN

< limitLeftLon
lat < limitLowLat Or bac
tmp * CS
tmp * SN

Or bac.WPs(I).lon >
WPs(I).lat > limitUpLat Then

> 0.5 Then
= rumlineDist * ©.4 * Rnd()
tmp * CS

tmp * SN

< limitLeftLon Or bac.WPs(I).lon >

lat < limitLowLat Or bac.WPs(I).lat > limitUpLat Then
bac.WPs(I).lat -= tmp * CS

bac.WPs(I).lon -= tmp * SN

If

-rumlineDist * ©.4 * Rnd()
WPs(I).lat += tmp * CS
WPs(I).lon += tmp * SN

< limitLeftLon Or bac.WPs(I).lon >

lat < limitLowLat Or bac.WPs(I).lat > limitUpLat Then
bac.WPs(I).lat -= tmp * CS

bac.WPs(I).lon -= tmp * SN
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End If

End If
End If

If I < NoOfDivide - 1 Then
'bac.WPs(I - 1) = New C8WayPoint(20, -55)
'bac.WPs(I) = New C8WayPoint(15, -52)

If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I)) = False Then
Exit While
Else
'Dim tt As Integer
"tt = 111
End If
Else
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I), bac.WPs(I + 1)) =
False Then
Exit While
End If
End If
End While

If count = 100 Then Return ©
Next

Return 1
End Function

Public Sub BacteriaSwarmSearch(ByVal NoOfSwim As Integer, ByVal NoOfSlide As
Integer)
For I As Integer = © To bacteria.Length - 1
BacteriaSearch(bacteria(I), I, NoOfSwim, NoOfSlide)
Next
End Sub

Public Sub BacteriaSearch(ByRef bac As C8Route, ByRef bacIdx As Integer, ByVal
NoOfSwim As Integer, ByVal NoOfSlide As Integer)

Dim Quality As Double = bac.Quality

Dim travtimes(bac.travTime.Length - 1) As Double

Dim travdists(bac.travTime.Length - 1) As Double

Dim travdir(bac.travTime.Length - 1) As Double

Dim travRPM(bac.travTime.Length - 1) As Double

Dim fuelCons(bac.travTime.Length - 1) As Double

Dim stIdx As Integer
Dim len As Integer

Quality = bac.Quality

For K As Integer = © To bac.dir.Length - 1
travdir(K) = bac.dir(K)
travdists(K) = bac.dist(K)
travtimes(K) = bac.travTime(K)
travRPM(K) = bac.travRPM(K)
fuelCons(K) = bac.fuelTpH(K)

Next

Dim tmpDist As Double
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For I As Integer = © To NoOfSwim

stIdx = 1 + Rnd() * (bac.WPs.Length - 3)
If stIdx < 1 Then stIdx =1
If stIdx > bac.WPs.Length - 2 Then stIdx = bac.WPs.Length - 2

len = -1 + Rnd() * (maxSwimLength + 1)
If len < 1 Then len =1
If len > maxSwimLength Then len = maxSwimLength

If stIdx + len > bac.WPs.Length - 1 Then
len = bac.WPs.Length - 1 - stIdx
End If

Dim tmpLatShifts(len - 1) As Double
Dim tmpLonShifts(len - 1) As Double

For J As Integer = 0 To len - 1
tmpDist = baseshiftDist * (Rnd() - ©.5)
tmpLatShifts(J) = CS * tmpDist
tmpLonShifts(3J) SN * tmpDist

Next

'"End If

'If stIdx = 6 And len = 1 Then

' If tmpLatShifts(®) < © Then
! len = len * 1

! End If

'Else

Exit For
'End If

Dim isValid As Boolean
Dim tmpTime As Date

For J As Integer = © To NoOfSlide
isvValid = BacSwim(bac, stIdx, len, tmpLonShifts, tmpLatShifts,

baseshiftDist)
If isValid = True Then
For K As Integer = stIdx - 1 To stIdx + len - 1
bac.dir(K) = routeCal.Direction_rad(bac.WPs(K), bac.WPs(K +
1))
bac.dist(K) = routeCal.Distance(bac.WPs(K), bac.WPs(K + 1))
Next
For K As Integer = stIdx - 1 To bac.travTime.Length - 1
tmpTime = depTime
For G As Integer = @ To stIdx
tmpTime = DateAdd(DateInterval.Hour, bac.travTime(G),
tmpTime)

Next

If K <= RpmShiftPointIdx(bacIdx) Then
bac.travRPM(K) = rpml
bac.fuelTpH(K) = fuelTonsConsumel

Else
bac.travRPM(K)
bac.fuelTpH(K)

rpm2
fuelTonsConsume2
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End If

bac.travTime(K) = routeCal.CalculateTime(tmpTime,
bac.WPs(K), bac.WPs(K + 1), bac.dist(K), bac.dir(K), totalSpdChar, weatherDB,
limitWaveHeight, limitWndSpeed, bac.travRPM(K), draft, trm, normSpdChar)
Next

tmpDist = travdists.Length
bac.CalculateQuality(TimeAllowToReachDest_Hour,
FuelAllowToReachDest_Ton)
End If

If bac.Quality < Quality And isValid = True Then

Quality = bac.Quality

For K As Integer = © To bac.dir.Length - 1
travdir(K) = bac.dir(K)
travdists(K) = bac.dist(K)
travtimes(K) = bac.travTime(K)
travRPM(K) = bac.travRPM(K)
fuelCons(K) = bac.fuelTpH(K)

Next

Else

bac.Quality = Quality

For K As Integer = @ To bac.dir.Length - 1
bac.dir(K) = travdir(K)
bac.dist(K) = travdists(K)
bac.travTime(K) = travtimes(K)
bac.travRPM(K) = travRPM(K)
bac.fuelTpH(K) = fuelCons(K)

Next

For K As Integer = stIdx To stIdx + len - 1
bac.WPs(K).lat -= tmpLatShifts(K - stIdx)
bac.WPs(K).lon -= tmpLonShifts(K - stIdx)

Next

Exit For
End If

Next

Next
End Sub

Public Function BacSwim(ByRef bac As C8Route, ByRef stIdx As Integer, ByRef
NoOfPointChange As Integer, ByRef lonshiftdists() As Double, ByRef latshiftdists()
As Double, ByRef baseShiftDist As Double) As Boolean

For I As Integer = stIdx To stIdx + NoOfPointChange - 1
bac.WPs(I).lon += lonshiftdists(I - stIdx)
bac.WPs(I).lat += latshiftdists(I - stIdx)

Next

For I As Integer = stIdx To stIdx + NoOfPointChange - 1
If (bac.WPs(I).lon < limitLeftLon) Or (bac.WPs(I).lon > limitRightLon)
Or (bac.WPs(I).lat < limitLowLat) Or (bac.WPs(I).lat > limitUpLat) Then
Return False
End If
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If I < stIdx + NoOfPointChange - 1 Then
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I)) = True Then
Return False
End If
Else
If IsCrossLimits(bac.WPs(I - 1), bac.WPs(I), bac.WPs(I + 1)) = True
Then
Return False
End If
End If
Next

Return True
End Function

Public Sub BacterialSwarming(ByVal NoOfCoupling As Integer, ByVal
neibourDistance As Double, ByVal NoOfRenewing As Integer)
For I As Integer = @ To bacNew.Length - 1
bacNew(I) = @
Next

BacterialSwarmingAndBirthing(NoOfCoupling, neibourDistance)
BacterialEliminationAndReplicate(NoOfRenewing)
BacterialReplicate(NoOfRenewing)

End Sub

Public Sub BacterialEliminationAndReplicate(ByVal NoOfRenew As Integer)
Dim count As Integer
Dim idx As Integer

For I As Integer = @ To NoOfRenew
count = 0@
While count < 4
count += 1

idx = qualitySort(bacteria.Length - 1 - Rnd() * bacteria.Length *
0.35)
If bacNew(idx) = © Then
bacNew(idx) = 1

Dim tmpNewBacOk As Boolean = False

For tt As Integer = 0 To 5
tmpNewBacOk = RandomInitABacteria(bacteria(idx), idx)
If tmpNewBacOk = True Then Exit For

Next

If tmpNewBacOk = False Then
bacteria(idx).CopyFrom(bacteria(qualitySort(0)))
RpmShiftPointIdx(idx) = RpmShiftPointIdx(qualitySort(0))

End If
Exit While
End If
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End While
Next
End Sub

Public Sub BacterialReplicate(ByVal NoOfRenew As Integer)
Dim count As Integer
Dim idx As Integer
Dim idxOrg As Integer

For I As Integer = © To NoOfRenew
count = @
While count < 4
count += 1

idx = qualitySort(bacteria.Length - 1 - Rnd() * bacteria.Length *

0.35)
If bacNew(idx) = @ Then
bacNew(idx) = 1
idxOrg = qualitySort(Rnd() * bacteria.Length * 0.2)
bacteria(idx).CopyFrom(bacteria(idxOrg))
RpmShiftPointIdx(idx) = RpmShiftPointIdx(idxOrg)
Exit While
End If
End While
Next
End Sub

Public Sub ChildBacFromMomAndDad(ByRef child As C8Route, ByVal childIdx As
Integer, ByVal childRPMShiftIdx As Integer, ByRef mom As C8Route, ByRef dad As
C8Route)

ReDim child.WPs(mom.WPs.Length - 1)

For I As Integer = © To child.WPs.Length - 1
child.WPs(I) = New C8WayPoint((mom.WPs(I).lat + dad.WPs(I).lat) / 2,
(mom.WPs(I).lon + dad.WPs(I).lon) / 2)
Next

ReDim child.travRPM(child.WPs.Length - 2)
ReDim child.travTime(child.WPs.Length - 2)
ReDim child.dir(child.WPs.Length - 2)
ReDim child.dist(child.WPs.Length - 2)
ReDim child.fuelTpH(child.WPs.Length - 2)

For I As Integer = © To child.WPs.Length - 2
child.dir(I) routeCal.Direction_rad(child.WPs(I), child.WPs(I + 1))
child.dist(I) = routeCal.Distance(child.WPs(I), child.WPs(I + 1))
Next

RpmShiftPointIdx(childIdx) = childRPMShiftIdx

Dim tmpTime As Date
tmpTime = depTime

For J As Integer = @ To child.WPs.Length - 2
If J <= RpmShiftPointIdx(childIdx) Then
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child.travRPM(J) = rpml

child.fuelTpH(J) = fuelTonsConsumel
Else

child.travRPM(J) = rpm2

child.fuelTpH(J) = fuelTonsConsume2
End If

child.travTime(J) = routeCal.CalculateTime(tmpTime, child.WPs(3J),
child.WPs(J + 1), child.dist(3), child.dir(3J), totalSpdChar, weatherDB,
limitWaveHeight, limitWndSpeed, child.travRPM(J), draft, trm, normSpdChar)
tmpTime = DateAdd(DateInterval.Hour, child.travTime(J), tmpTime)
Next

child.CalculateQuality(TimeAllowToReachDest_Hour, FuelAllowToReachDest_Ton)
End Sub

Public Sub BacterialSwarmingAndBirthing(ByVal NoOfCoupling As Integer, ByVal
neibourDistance As Double)
Dim momIdx As Integer
Dim dadIdx As Integer
Dim childIdx As Integer
Dim neiborIdx() As Integer

For I As Integer = @ To NoOfCoupling
dadIdx = qualitySort(Rnd() * ©.3 * qualitySort.Length)

ReDim neiborIdx(20)
Dim count As Integer = ©

For J As Integer = @ To bacteria.Length * 0.3 - 1
If qualitySort(J3) <> dadIdx Then
If routeCal.QuickRouteToRouteDistance(bacteria(dadIdx),
bacteria(qualitySort(J)), searchDir) < neibourDistance Then
neiborIdx(count) = qualitySort(J)
count += 1
End If
End If

If count >= neiborIdx.Length Then
Exit For
End If
Next

If count > @ Then
momIdx = neiborIdx(Rnd() * (count - 1))
If momIdx < © Then momIdx = ©

childIdx = qualitySort(bacteria.Length - 1 - Rnd() * bacteria.Length
* 9.3)

If IsNothing(bacteria(momIdx).WPs) = True Or
IsNothing(bacteria(dadIdx).WPs) = True Then
count = count
End If
bacteria(childIdx) = New C8Route()

Dim rmpShiftIdx As Integer = (RpmShiftPointIdx(dadIdx) +
RpmShiftPointIdx(momIdx)) / 2
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ChildBacFromMomAndDad(bacteria(childIdx), childIdx, rmpShiftIdx,
bacteria(momIdx), bacteria(dadIdx))

Dim isChildBacValid As Boolean = True
For J As Integer = @ To bacteria(childIdx).WPs.Length - 2
If IsCrossLimits(bacteria(childIdx).WPs(3J),
bacteria(childIdx).WPs(J + 1)) = True Then
isChildBacValid = False
Exit Sub
End If
Next

If isChildBacValid = False Then
bacteria(childIdx).CopyFrom(bacteria(momIdx))
RpmShiftPointIdx(childIdx) = RpmShiftPointIdx(momIdx)

End If

bacNew(childIdx) = 1
End If
Next
End Sub

Public Sub QualitySorting()
For I As Integer = @ To bacteria.Length - 1
qualitySort(I) = 1I
Next

Dim tmp As Integer
For I As Integer = © To bacteria.Length - 2
For J As Integer = I + 1 To bacteria.Length - 1
If bacteria(qualitySort(I)).Quality >
bacteria(qualitySort(J)).Quality Then
tmp = qualitySort(I)
qualitySort(I) = qualitySort(3J)
qualitySort(3) = tmp
End If
Next
Next

Dim tmpp As Double = 999999.9
For I As Integer = © To bacteria.Length - 1
If tmpp > bacteria(I).Quality Then
tmpp = bacteria(I).Quality

End If
Next
tmp = 1
End Sub
End Class

Public Class C8RouteSolution
Public route As C8Route
Public legTravelTime() As Double
Public RPMused As Double
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Public Sub New()
End Sub

Public Sub CopyFrom(ByRef org As C8RouteSolution)
With org
ReDim legTravelTime(.legTravelTime.Length - 1)
For I As Integer = @ To legTravelTime.Length - 1
legTravelTime(I) = .legTravelTime(I)
Next

route = New C8Route(.route)
RPMused = .RPMused

End With
End Sub

End Class

Public Class C8WayPoint
Public lat As Double
Public lon As Double

Public Sub New()
End Sub

Public Sub New(ByRef _lat As Double, ByRef _lon As Double)

lat = _lat
lon = _lon
End Sub

Public Sub New(ByRef org As C8WayPoint)
lat = org.lat
lon = org.lon

End Sub

Public Sub CopyFrom(ByRef org As C8WayPoint)
lat = org.lat
lon = org.lon
End Sub
End Class

Public Class C8Route
Public WPs() As C8WayPoint
Public dist() As Double
Public dir() As Double
Public travTime() As Double
Public travRPM() As Double
Public fuelTpH() As Double
Public Quality As Double

Public Sub New()
End Sub

Public Sub New(ByRef org As C8Route)

ReDim WPs(org.WPs.Length - 1)
For I As Integer = © To WPs.Length - 1
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WPs(I) = New C8WayPoint(org.WPs(I))
Next

ReDim dist(org.dist.Length - 1)

For I As Integer = © To dist.Length - 1
dist(I) = org.dist(I)

Next

ReDim dir(org.dir.Length - 1)

For I As Integer = @ To dir.Length - 1
dir(I) = org.dir(I)

Next

ReDim travTime(org.travTime.Length - 1)

For I As Integer = @ To travTime.Length - 1
travTime(I) = org.travTime(I)

Next

ReDim travRPM(org.travRPM.Length - 1)

For I As Integer = © To travRPM.Length - 1
travRPM(I) = org.travRPM(I)

Next

ReDim fuelTpH(org.fuelTpH.Length - 1)

For I As Integer = @ To fuelTpH.Length - 1
fuelTpH(I) = org.fuelTpH(I)

Next

Quality = org.Quality
End Sub

Public Sub CopyFrom(ByRef org As C8Route)
ReDim WPs(org.WPs.Length - 1)
For I As Integer = © To WPs.Length - 1
WPs(I) = New C8WayPoint(org.WPs(I))
Next

ReDim dist(org.dist.Length - 1)

For I As Integer = @ To dist.Length - 1
dist(I) = org.dist(I)

Next

ReDim dir(org.dir.Length - 1)

For I As Integer = @ To dir.Length - 1
dir(I) = org.dir(I)

Next

ReDim travTime(org.travTime.Length - 1)

For I As Integer = @ To travTime.Length - 1
travTime(I) = org.travTime(I)

Next

ReDim travRPM(org.travRPM.Length - 1)
For I As Integer = O To travRPM.Length - 1
travRPM(I) = org.travRPM(I)
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Next

ReDim fuelTpH(org.fuelTpH.Length - 1)

For I As Integer = © To fuelTpH.Length - 1
fuelTpH(I) = org.fuelTpH(I)

Next

Quality = org.Quality
End Sub

Public Sub CalculateQuality(ByRef TimeAllow_H As Double, ByRef FuelAllow_T As
Double)
If TimeAllow H <= 1 Or FuelAllow T < 1 Then
CalculateQualityTimeOnly()
Else
CalculateQualityWithFuel(TimeAllow_H, FuelAllow_T)
End If
End Sub

Public Sub CalculateQualityTimeOnly()
Dim retn As Double = @
For I As Integer = @ To travTime.Length - 1
retn += travTime(I)
Next

Quality = retn
End Sub

Public Sub CalculateQualityWithFuel(ByRef TimeMustReach As Double, ByRef
targetFuelConsumeTons As Double)
Dim retn As Double = @
Dim tmpTime As Double = ©
Dim tmpFuel As Double = ©

For I As Integer = @ To travTime.Length - 1
tmpTime += travTime(I)
tmpFuel += travTime(I) * fuelTpH(I)
Next

If tmpTime >= TimeMustReach Then
Quality = tmpTime / TimeMustReach + 9999.9

ElseIf tmpTime <= ©0.85 * TimeMustReach Then
Quality = 0.85 + 3 * tmpFuel / targetFuelConsumeTons

Else
Quality = tmpTime / TimeMustReach + 3 * tmpFuel / targetFuelConsumeTons
End If
End Sub

End Class

Public Class C8WeatherPoint
Public wnddir As Double
Public wndspd As Double
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Public wavdir As Double
Public wavHei As Double
Public crrdir As Double
Public crrspd As Double

Public Sub New()
End Sub

Public Sub New(ByRef org As C8WeatherPoint)
With org
wnddir = .wnddir
wndspd = .wndspd
wavdir = .wavdir

wavHei = .wavHei

crrdir = .crrdir

crrspd = .crrspd
End With

End Sub

Public Sub CopyFrom(ByRef org As C8WeatherPoint)
With org
wnddir = .wnddir
wndspd = .wndspd
wavdir = .wavdir

wavHei = .wavHei

crrdir = .crrdir

crrspd = .crrspd
End With

End Sub

Public Sub FromString(ByRef st As String)
Dim v() As String = Split(st, ";"
If v.Length <> 8 Then Exit Sub

wnddir = Val(v(2))
wndspd = Val(v(3))
wavdir = Val(v(4))
wavHei = Val(v(5))
crrdir = Val(v(6))
crrspd = Val(v(7))
End Sub
End Class

Public Class C8WeatherMessage

Public lat® As Double = -70
Public lon® As Double = -180
Public dLat As Double 0.5
Public dLon As Double 0.5
Public latNo As Double

Public lonNo As Double

Public wPts(,) As C8WeatherPoint

Public Sub New()
latNo = 140 / dLat - 1
lonNo = 360 / dLon - 1
ReDim wPts(latNo - 1, lonNo - 1)

For I As Integer = © To latNo - 1
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For J As Integer = © To lonNo - 1
wPts(I, J) = New C8WeatherPoint()
Next
Next
End Sub

Public Sub Init(ByVal wdate As Date, ByVal hh As Integer, ByVal mm As Integer)
Dim filename As String = mGlbWeatherFilename(wdate, hh, mm)
Init(filename)

End Sub

Public Sub Init(ByVal filename As String)
Dim st As String
Dim stdat() As String = Nothing

Try
Dim stRead As StreamReader = New StreamReader(filename)
st = stRead.ReadToEnd()
stRead.Close()

If st <> "" Then
stdat = Split(st, vbCrLf)
If stdat.Length < 3 Then
stdat = Nothing
End If
End If

Catch ex As Exception
stdat = Nothing
End Try

Dim v() As String
Dim latIdx As Integer
Dim lonIdx As Integer

If IsNothing(stdat) = False Then
For I As Integer = O To stdat.Length - 1
v = Split(stdat(I), ";"
If v.Length = 11 Then
latIdx = (Val(v(@)) - late) / dLat
lonIdx = (Val(v(1l)) - lon®@) / dLon

If latIdx >= @ And latIdx < latNo And lonIdx >= © And lonIdx <
lonNo Then
With wPts(latIdx, lonIdx)
.wnddir = Val(v(5))
.wndspd = Val(v(6))
.crrdir = Val(v(7))
.crrspd = Val(v(8))
.wavdir = Val(v(9))
.wavHei = Val(v(10))
End With
End If

End If

"'"If v.Length = 8 Then
v latIdx = (val(v(®)) - late) / dLat
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v lonIdx = (Val(v(1)) - lon@) / dLon

v If latIdx >= @ And latIdx < latNo And lonIdx >= @ And lonIdx <

lonNo Then
v With wPts(latIdx, lonIdx)
v .wnddir = Val(v(2))
v .wndspd = Val(v(3))
v .crrdir = Val(v(4))
v .crrspd = Val(v(5))
v .wavdir = Val(v(6))
v .wavHei = Val(v(7))
v End With
v End If
'"'"End If
Next
End If
End Sub

Public Sub GetWeatherPoint(ByVal lat As Double, ByVal lon As Double, ByRef
weatherPoint As C8WeatherPoint)
Dim latIdx As Integer
Dim lonIdx As Integer

'If lat < lat@ Then
! latIdxDown = ©
! latIdxUpp = ©

'Else

' latIdxDown = Math.Floor((lat - lat®) / dLat)
! If latIdxDown >= latNo - 1 Then

! latIdxDown = latNo - 1

' latIdxUpp = latNo - 1

! Else

' latIdxUpp = latIdxDown + 1

! End If

'"End If

'If lon < -180 Then

! lon += 360
'ElseIf lon > 180 Then
! lon -= 360

'End If

If lon < lon@ Then

lonIdx = ©
Else

lonIdx = (lon - lon@) / dLon

If lonIdx >= lonNo - 1 Then lonIdx = lonNo - 1
End If

If lat < lat@ Then
latIdx = ©
Else
latIdx = (lat - late) / dLat

If latIdx >= latNo - 1 Then latIdx latNo - 1
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End

End

weat
End Sub

Class

If

herPoint.CopyFrom(wPts(latIdx, lonIdx))

Public Class C8BaselWeatherDB

Public t

imeArray() As Date

Public weatherMessages() As C8WeatherMessage
Public routeCal As C8RouteMathCal

Public Sub New()

rout
End Sub

Public F
Dim
Dim
Dim
Dim
Dim
Dim
Retu
End Func

Public F

eCal = New C8RouteMathCal()

unction DateFromString(ByRef yyyymmddhhMM As String) As Date
y As Integer = Val(yyyymmddhhMM.Substring(e, 4))

m As Integer = Val(yyyymmddhhMM.Substring(4, 2))

d As Integer = Val(yyyymmddhhMM.Substring(6, 2))

h As Integer = Val(yyyymmddhhMM.Substring(8, 2))

min As Integer = Val(yyyymmddhhMM.Substring(10, 2))

retn As Date = New Date(y, m, d, h, min, @)
rn retn
tion

unction InitAvailableBaseWeatherData(ByVal startTime As Date, Optional

ByVal timeSpanDays As Double = 10) As String

+ startTime

Then

Then

Dim
IfI
Dim
Dim
Dim
Dim
Dim
Dim

For

Next

filenames() As String = I0.Directory.GetFiles(mGlbWeatherFolderName())
sNothing(filenames) = True Then Return Nothing
wDateStrings(filenames.Length - 1) As String

count As Integer = 0O

tmpStringTime As String

tmpIdx As Integer

tmpStart As Double = startTime.Year * 10 ~ 8 + startTime.Month * 10 ~ 6

.Day * 10 ~ 4

tmpEnd As Double = tmpStart + timeSpanDays * 10 ~ 4
I As Integer = @ To filenames.Length - 1
tmpIdx = filenames(I).LastIndexOf(I0.Path.DirectorySeparatorcChar)
tmpStringTime = filenames(I).Substring(tmpIdx + 2)
If filenames(I).Chars(tmpIdx + 1) = "w" And tmpStringTime.Length = 12
If tmpStart <= Val(tmpStringTime) And tmpEnd >= Val(tmpStringTime)
filenames(count) = filenames(I)
wDateStrings(count) = tmpStringTime

count += 1

End If
End If
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If count > @ Then
ReDim Preserve filenames(count - 1)
ReDim Preserve wDateStrings(count - 1)

For I As Integer = @ To filenames.Length - 1
weatherMessages(I) = New C8WeatherMessage()
weatherMessages(I).Init(filenames(I))
timeArray(I) = DateFromString(wDateStrings(I))

Next

Return 1
Else
weatherMessages = Nothing
timeArray = Nothing
Return -1
End If
End Function

Public Sub GetWeatherMessage(ByRef atTime As Date, ByRef resWeatherMessage As
C8WeatherMessage)
Dim idx As Integer = -1
Dim idxUp As Integer

If atTime <= timeArray(@) Then
idx = @
idxUp = ©

ElseIf atTime >= timeArray(timeArray.Length - 1) Then
idx = timeArray.Length - 1
idxUp = idx

Else
For I As Integer = © To timeArray.Length - 2
If atTime >= timeArray(I) And atTime <= timeArray(I + 1) Then

idx = I
idxUp = idx + 1
End If
Next
End If

Dim lat As Double
Dim lon As Double

If idx = idxUp Then
For I As Integer = O To resWeatherMessage.latNo - 1
For J As Integer = @ To resWeatherMessage.lonNo - 1
lat = resWeatherMessage.lato + I * 0.5
lon = resWeatherMessage.lat® + J * 0.5
If lon > 180 Then lon -= 180

weatherMessages(idx).GetWeatherPoint(lat, lon,
resWeatherMessage.wPts(I, J))
Next
Next

Else
Dim retnWl As C8WeatherPoint = New C8WeatherPoint()
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Dim retnW2 As C8WeatherPoint = New C8WeatherPoint()
Dim fract As Double = DateDiff(DateInterval.Hour, timeArray(idx),
atTime) / DateDiff(DatelInterval.Hour, atTime, timeArray(idxUp))

For I As Integer = @ To resWeatherMessage.latNo - 1
For J As Integer = © To resWeatherMessage.lonNo - 1
lat = resWeatherMessage.lato + I * 0.5
lon = resWeatherMessage.lat® + J * 0.5
If lon > 180 Then lon -= 180

weatherMessages(idx).GetWeatherPoint(lat, lon, retnWl)
weatherMessages (idxUp).GetWeatherPoint(lat, lon, retnW2)
resWeatherMessage.wPts(I, J) = WeatherInterpolate(retniWi,
retnW2, fract)
Next
Next
End If
End Sub

Public Sub GetWeatherPoint(ByRef atTime As Date, ByRef lat As Double, ByRef lon
As Double, ByRef weatherPoint As C8WeatherPoint)
Dim idx As Integer = -1
Dim idxUp As Integer

If atTime <= timeArray(@) Then
idx = @
idxUp = ©

ElseIf atTime >= timeArray(timeArray.Length - 1) Then
idx = timeArray.Length - 1
idxUp = idx

Else
For I As Integer = © To timeArray.Length - 2
If atTime >= timeArray(I) And atTime <= timeArray(I + 1) Then

idx = I
idxUp = idx + 1
End If
Next
End If

If idx = idxUp Then
weatherMessages(idx).GetWeatherPoint(lat, lon, weatherPoint)
Else
Dim retnWl As C8WeatherPoint = New C8WeatherPoint()
Dim retnW2 As C8WeatherPoint = New C8WeatherPoint()
Dim fract As Double = DateDiff(DateInterval.Hour, timeArray(idx),
atTime) / DateDiff(DatelInterval.Hour, atTime, timeArray(idxUp))
weatherMessages(idx).GetWeatherPoint(lat, lon, retnWl)
weatherMessages(idxUp) .GetWeatherPoint(lat, lon, retnW2)
weatherPoint = WeatherInterpolate(retnWl, retnW2, fract)
End If
End Sub

Public Function WeatherInterpolate(ByRef wl As C8WeatherPoint, ByRef w2 As
C8WeatherPoint, ByRef fract As Double) As C8WeatherPoint
Dim retn As C8WeatherPoint = New C8WeatherPoint()
With retn
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.wnddir = DirectionInterpolate(wl.wnddir, w2.wnddir, fract)
.wndspd = ValueInterpolate(wl.wndspd, w2.wndspd, fract)

.wavdir = DirectionInterpolate(wl.wavdir, w2.wavdir, fract)
.wavHei = ValueInterpolate(wl.wavHei, w2.wavHei, fract)

.crrdir = DirectionInterpolate(wl.crrdir, w2.crrdir, fract)
.crrspd = ValueInterpolate(wl.crrspd, w2.crrspd, fract)
End With

Return retn
End Function

Public Function ValuelInterpolate(ByRef vl As Double, ByRef v2 As Double, ByRef
fract As Double) As Double
Dim retn As Double = vl + (v2 - v1) * fract
Return retn
End Function

Public Function DirectionInterpolate(ByRef dirl As Double, ByRef dir2 As Double,
ByRef fract As Double) As Double
Dim retn As Double = dirl + routeCal.DirectionDiff_deg(dirl, dir2) * fract
If retn < @ Then retn += 360
If retn >= 360 Then retn -= 360
Return retn
End Function

End Class

Public Class C8WeatherDB
Public timeStep As Double = 2
Public timeArray() As Date
Public weatherMessages() As C8WeatherMessage

Public mathCal As C8RouteMathCal

Public Sub New()
mathCal = New C8RouteMathCal()
End Sub

Public Sub InitMessage(ByRef lat As Double, ByRef lon As Double, ByRef _latNo As
Integer, ByRef _lonNo As Integer)
For I As Integer = O To weatherMessages.Length - 1
weatherMessages(I) = New C8WeatherMessage()

weatherMessages(I).late = lat
weatherMessages(I).lon@ = lon
weatherMessages(I).dLat = 0.5
weatherMessages(I).dLon = 0.5

weatherMessages(I).latNo = _latNo
weatherMessages(I).lonNo = _lonNo
ReDim weatherMessages(I).wPts(_latNo - 1, _lonNo - 1)

For latIdx As Integer = © To _latNo - 1
For lonIdx As Integer = © To _lonNo - 1
weatherMessages(I).wPts(latIdx, lonIdx) = New C8WeatherPoint()
Next
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Next
Next
End Sub

Public Sub GetWeatherPoint(ByRef atTime As Date, ByRef lat As Double, ByRef lon
As Double, ByRef weatherPoint As C8WeatherPoint)
Dim idx As Integer = -1

If atTime <= timeArray(@) Then
idx = @
ElseIf atTime >= timeArray(timeArray.Length - 1) Then
idx = timeArray.Length - 1
Else
idx = DateDiff(DateInterval.Hour, timeArray(@), atTime) / timeStep
End If

weatherMessages(idx).GetWeatherPoint(lat, lon, weatherPoint)
End Sub

Public Sub InitAMessageFromTwoBaseMessage(ByRef wmsgl As C8WeatherMessage, ByRef
t1l As Date, ByRef wmsg2 As C8WeatherMessage, ByRef t2 As Date, ByRef wmsgRes As
C8WeatherMessage, ByRef tRes As Date)

Dim fac As Double
If t1 = t2 Then
If tRes < t1 Then

fac = @
Else

fac = 1
End If

Else
fac = DateDiff(DatelInterval.Minute, t1, tRes) /
DateDiff(DateInterval.Minute, t1, t2)
End If

Dim latIdxBase(wmsgRes.latNo - 1) As Integer
Dim lonIdxBase(wmsgRes.lonNo - 1) As Integer
Dim tmpLon As Double

For I As Integer = @ To wmsgRes.latNo - 1
latIdxBase(I) = (wmsgRes.lat® + wmsgRes.dLat * I - wmsgl.late) /
wmsgl.dLat - 1
If latIdxBase(I) < © Then latIdxBase(I) = ©
If latIdxBase(I) > wmsgl.latNo - 1 Then latIdxBase(I) = wmsgl.latNo - 1
Next

For I As Integer = © To wmsgRes.lonNo - 1
tmpLon = wmsgRes.lon® + wmsgRes.dlLon * I
If tmpLon > 180 Then tmpLon -= 360

lonIdxBase(I) = (tmpLon - wmsgl.lon®) / wmsgl.dLon - 1

If lonIdxBase(I) < © Then lonIdxBase(I) = ©

If lonIdxBase(I) > wmsgl.lonNo - 1 Then lonIdxBase(I) = wmsgl.lonNo - 1
Next

For I As Integer = @ To wmsgRes.latNo - 1
For J As Integer = @ To wmsgRes.lonNo - 1
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mathCal.WeatherPointInterpolate(wmsgl.wPts(latIdxBase(I),
lonIdxBase(J)), wmsg2.wPts(latIdxBase(I), lonIdxBase(J)), fac, wmsgRes.wPts(I, J))
Next
Next
End Sub

Public Sub InitWholeMessagesFromBaseWeatherMessage(ByRef baseWeatherBD As
C8BaselWleatherDB, ByRef startTime As Date, ByRef lat@ As Double, ByRef latNo As
Integer, ByRef lon@ As Double, ByRef lonNo As Integer, Optional ByVal timeSpanInHour
As Double = 240, Optional ByVal timeInterval As Double = 2)

Dim tmpNo As Integer = timeSpanInHour / timelInterval
ReDim weatherMessages (tmpNo)
ReDim timeArray(tmpNo)

For I As Integer
timeArray(I)

Next

InitMessage(lat@, lon@, latNo, lonNo)

@ To timeArray.Length - 1
DateAdd(DateInterval.Hour, timeInterval * I, startTime)

If IsNothing(baseWeatherBD.weatherMessages) = True Then Exit Sub

With baseWeatherBD
For I As Integer = O To weatherMessages.Length - 1
If timeArray(I) <= .timeArray(@) Then
InitAMessageFromTwoBaseMessage(.weatherMessages(90),
.timeArray(0), .weatherMessages(@), .timeArray(®), weatherMessages(I), timeArray(I))
ElseIf timeArray(I) >= .timeArray(baseWeatherBD.timeArray.Length -
1) Then

InitAMessageFromTwoBaseMessage(.weatherMessages(.weatherMessages.Length - 1),
.timeArray(.weatherMessages.Length - 1), .weatherMessages(.weatherMessages.Length -
1), .timeArray(.weatherMessages.Length - 1), weatherMessages(I), timeArray(I))

Else

For J As Integer = © To .timeArray.lLength - 2
If timeArray(I) >= .timeArray(J) And timeArray(I) <
.timeArray(J + 1) Then
InitAMessageFromTwoBaseMessage(.weatherMessages(3J),
.timeArray(J), .weatherMessages(J + 1), .timeArray(J + 1), weatherMessages(I),
timeArray(I))

Exit For
End If
Next
End If
Next
End With
End Sub
End Class

Public Class C8LimitLineSet
Public limitlines() As C8LimitLine
Public matCal As C8RouteMathCal
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Public Sub New()
matCal = New C8RouteMathCal()

End Sub

Public Sub Init(ByRef minLat As Double, ByRef maxLat As Double, ByRef minLon As
Double, ByRef maxLon As Double)
Dim filename As String = mGlbLimitLinesFilename(mGlbShipInfo.IMO)
Dim stDat() As String = mGlbReadStringsFromFile(filename)
InitLimits(stDat, minLat, maxLat, minLon, maxLon)
End Sub

Public Sub InitLimits(ByRef st() As String, ByRef minLat As Double, ByRef maxLat
As Double, ByRef minLon As Double, ByRef maxLon As Double)
If IsNothing(st) = True Then
limitlines = Nothing
Else
Dim tmpLims(st.Length - 1) As C8LimitLine
For I As Integer = O To st.Length - 1
tmpLims(I) = New C8LimitLine(st(I))
Next

For I As Integer = @ To st.Length - 1

If tmpLims(I).Id = "" Then
tmpLims(I).isDeleted = 1
End If
Next

For I As Integer = 1 To st.Length - 1
For J As Integer =0 To I -1
If String.Compare(tmpLims(I).Id, tmpLims(J).Id, True) = @ Then
"And tmpperf(I).hour = tmpperf(J).hour Then
tmpLims(J).isDeleted = 1
End If
Next
Next

Dim count As Integer = ©
For I As Integer = @ To tmpLims.Length - 1
If tmpLims(I).isDeleted <> 1 Then
count += 1
End If
Next

If count = © Then
limitlines = Nothing
Else

ReDim limitlines(count - 1)
count = 0
For I As Integer = © To tmpLims.Length - 1
If tmpLims(I).isDeleted <> 1 Then
limitlines(count) = New C8LimitLine(tmpLims(I))
count += 1
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End If
Next
End If
End If

If IsNothing(limitlines) = False Then
Dim wpl As C8WayPoint = New C8WayPoint(minLat, minLon)
Dim wp2 As C8WayPoint = New C8WayPoint(maxLat, minLon)
Dim wp3 As C8WayPoint = New C8WayPoint(maxLat, maxLon)
Dim wp4 As C8WayPoint = New C8WayPoint(minLat, maxLon)
Dim limCount As Integer = ©
Dim iscross As Integer

For I As Integer = @ To limitlines.Length - 1
iscross = -1

For J As Integer = © To limitlines(I).wps.Length - 1
With limitlines(I).wps(3J)
If .lat >= minLat And .lat <= maxLat And .lon <= maxLon And
.lon >= minLon Then
iscross =1
Exit For
End If
End With
Next

If iscross <= @ Then
If limitlines(I).IsCross(wpl, wp2, matCal)
iscross =1
End If
End If

True Then

If iscross <= @ Then
If limitlines(I).IsCross(wp2, wp3, matCal) = True Then
iscross =1
End If
End If

If iscross <= @ Then

If limitlines(I).IsCross(wp3, wp4, matCal) = True Then
iscross =1
End If
End If
If iscross <= © Then
If limitlines(I).IsCross(wp4, wpl, matCal) = True Then

iscross =1
End If
End If

If iscross > @ Then
If limCount <> I Then
limitlines(limCount).CopyFrom(limitlines(I))
limCount += 1
End If
Next

If limCount > @ Then
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ReDim Preserve limitlines(limCount - 1)
Else
limitlines = Nothing
End If
End If
End Sub

Public Sub Init()
Dim filename As String = mGlbLimitLinesFilename()
Dim stDat() As String = mGlbReadStringsFromFile(filename)

If mGlbLonLeft >= mGlbLonRight Or mGlbLatDown >= mGlbLatUp Then
InitLimits(stDat)
Else
InitLimits(stDat, mGlbLatDown, mGlbLatUp, mGlbLonLeft, mGlbLonRight)
End If
End Sub

Public Sub InitLimits(ByRef st() As String)

If IsNothing(st) = True Then
limitlines = Nothing

Else
Dim tmpLims(st.Length - 1) As C8LimitLine
For I As Integer = @ To st.Length - 1

tmpLims(I) = New C8LimitLine(st(I))

Next

For I As Integer = © To st.Length - 1

If tmpLims(I).Id = "" Then
tmpLims(I).isDeleted = 1
End If
Next

For I As Integer = 1 To st.Length - 1
For J As Integer =0 To I - 1
If String.Compare(tmpLims(I).Id, tmpLims(J).Id, True) = @ Then
'And tmpperf(I).hour = tmpperf(J).hour Then
tmpLims(J).isDeleted = 1
End If
Next
Next

Dim count As Integer = ©
For I As Integer = © To tmpLims.Length - 1
If tmpLims(I).isDeleted <> 1 Then
count += 1
End If
Next

If count = @ Then
limitlines = Nothing
Else

ReDim limitlines(count - 1)
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count = 0
For I As Integer = © To tmpLims.Length - 1
If tmpLims(I).isDeleted <> 1 Then
limitlines(count) = New C8LimitLine(tmpLims(I))
count += 1
End If
Next
End If
End If
End Sub

Public Sub AppendToLimitsFile(ByRef tmpperf As C8LimitLine)
Dim st As String = mGLBAppendToTotalRecordFile(tmpperf.ToStringFormat)

Dim filename As String = mGlbLimitLinesFilename()
mGlbAppendDataToFile(filename, st)
End Sub

Public Function Change(ByRef tmpLimit As C8LimitLine) As Integer
AppendToLimitsFile(tmpLimit)
For I As Integer = @ To limitlines.Length - 1
If limitlines(I).Id = tmpLimit.Id Then
limitlines(I).CopyFrom(tmpLimit)

Return I
End If
Next
Return -1

End Function

Public Function Delete(ByVal idx As Integer) As Integer
If idx < @ Or idx >= limitlines.Length Then Return -1

limitlines(idx).isDeleted = 1
AppendToLimitsFile(limitlines(idx))

If idx > -1 And limitlines.Length = 1 Then
limitlines = Nothing
Return ©

End If

If idx > -1 Then
For I As Integer = idx To limitlines.Length - 2
limitlines(I).CopyFrom(limitlines(I + 1))
Next
ReDim Preserve limitlines(limitlines.Length - 2)
End If

Return idx
End Function

Public Function Add(ByRef tmpLimitLine As C8LimitLine) As Integer
AppendToLimitsFile(tmpLimitLine)
Dim tmp As Integer = @
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If IsNothing(limitlines) = False Then
tmp = limitlines.Length
End If

ReDim Preserve limitlines(tmp)
limitlines(tmp) = New C8LimitLine(tmpLimitLine)
Return tmp

End Function

Public Function IsNewSet(ByRef id As String) As Boolean
If IsNothing(limitlines) = True Then Return 1
For I As Integer = @ To limitlines.Length - 1
If String.Compare(limitlines(I).Id, id, True) = @ Then
Return -1
End If
Next
Return 1
End Function

Public Function ProduceNewName() As String
If IsNothing(limitlines) = False Then Return "line_0001"

Dim retn As String = "line"
Dim stIdx As Integer =1
Dim isNew As Boolean = False

While isNew = False
isNew = True
retn = "line_" & stIdx.ToString.PadLeft(4, "0")

For I As Integer = © To limitlines.Length - 1
If String.Compare(retn, limitlines(I).Id, True) = © Then
isNew = False
Exit For
End If
Next
End While

Return retn
End Function
End Class

Public Class C8LimitLine
Public Id As String
Public isDeleted As Integer
Public wps() As C8WayPoint
Public MaxLat As Double
Public MinLat As Double
Public MaxLon As Double
Public MinLon As Double

Public Sub New()
End Sub
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Public Sub New(ByRef st As String)
Dim v() As String = Split(st, ";")
If v.Length < 5 Then

Id =""
isDeleted = 1
Exit Sub
Else
Id = v(3)
isDeleted = Val(v(4))

If isDeleted = 1 Then
wps = Nothing
Exit Sub

End If

If v.Length < 13 Then

Id = ""
isDeleted = 1
Exit Sub
End If
MaxLat = Val(v(5))
MinLat = Val(v(6))
MaxLon = Val(v(7))
MinLon = Val(v(8))

Dim tmp As Integer = (v.Length - 9) / 2
ReDim wps(tmp - 1)
For I As Integer = 0 To tmp - 1
wps(I) = New C8WayPoint(Val(v(9 + I * 2)), Val(v(9 + I * 2 + 1)))
Next
End If
End Sub

Public Function ToStringFormat()

Dim retn As String = "limitline;" & Id & ";" & isDeleted

If isDeleted = 1 Then
Return retn

Else
retn = retn & ";" & MaxLat & ";" & MinLat & ";" & MaxLon & ";" & MinLon
For I As Integer = © To wps.Length - 1

retn = retn & ";" & wps(I).lat & ";" & wps(I).lon

Next

End If
Return retn
End Function

Public Sub New(ByRef org As C8LimitLine)
ReDim wps(org.wps.Length - 1)
For I As Integer = © To wps.Length - 1
wps(I) = New C8WayPoint(org.wps(I))
Next

Id = org.Id

MaxLat = org.MaxLat
MinLat = org.MinLat
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MaxLon = org.MaxLon

MinLon = org.MinLon

isDeleted = org.isDeleted
End Sub

Public Sub CopyFrom(ByRef org As C8LimitLine)
ReDim wps(org.wps.Length - 1)
For I As Integer = © To wps.Length - 1
wps(I) = New C8WayPoint(org.wps(I))
Next

Id = org.Id

MaxLat = org.MaxLat

MinLat = org.MinLat

MaxLon = org.MaxLon

MinLon = org.MinLon

isDeleted = org.isDeleted
End Sub

Public Function IsCross(ByRef wpl As C8WayPoint, ByRef wp2 As C8WayPoint, ByRef
mathcal As C8RouteMathCal) As Boolean
If mathcal.Max(wpl.lat, wp2.lat) < MinLat Then Return False
If mathcal.Min(wpl.lat, wp2.lat) > MaxLat Then Return False
If mathcal.Max(wpl.lon, wp2.lon) < MinLon Then Return False
If mathcal.Min(wpl.lon, wp2.lon) > MaxLon Then Return False

For I As Integer = © To wps.Length - 2
If mathcal.doIntersect(wpl, wp2, wps(I), wps(I + 1)) = True Then
Return True
End If
Next
Return False
End Function

Public Sub GetLimitLonLat()
MaxLon = -9999
MinLon = 9999
MinLat = 9999
MaxLat = -9999
For I As Integer = © To wps.Length - 1
If MaxLon < wps(I).lon Then MaxLon = wps(I).lon

If MinLon > wps(I).lon Then MinLon = wps(I).lon
If MaxLat < wps(I).lat Then MaxLat = wps(I).lat
If MinLat > wps(I).lat Then MinLat = wps(I).lat
Next
End Sub
End Class

Public Class C8RouteMathCal
Public latArray() As Double
Public departArray() As Double
Dim latStep As Double = 0.001
Public toRad As Double = Math.PI / 180

Public Sub New()
CreateDepartArray()
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End Sub

Public Function QuickRouteToRouteDistance(ByRef rtel As C8Route, ByRef rte2 As
C8Route, ByRef searchdir As Integer) As Double
Dim retn As Double = @
Select Case searchdir
Case 0
For I As Integer = © To rtel.WPs.Length - 1
retn += rtel.WPs(I).lat - rte2.WPs(I).lat
Next
Case 1
For I As Integer = @ To rtel.WPs.Length - 1
retn += rtel.WPs(I).lon - rte2.WPs(I).lon
Next
Case Else
For I As Integer = O To rtel.WPs.Length - 1
retn += (rtel.WPs(I).lat - rte2.WPs(I).lat) * 5 / 3
Next
End Select

Return Math.Abs(retn)
End Function

Public Function FindCrossingPoint(ByRef P11 As C8WayPoint, ByRef P12 As
C8WayPoint, ByRef ChkP21 As C8WayPoint, ByRef ChkP22 As C8WayPoint) As C8WayPoint
Dim retn As C8WayPoint = New C8WayPoint()
retn = FindCrossingPoint(P11.lon, P11.lat, P12.lon, P12.lat, ChkP21.lon,
ChkP21.lat, ChkP22.lon, ChkP22.lat)

Dim tmpDX As Double
Chkp22.1lon), 7)

Dim tmpDY As Double
Chkp22.1lat), 7)

Math.Round((retn.lon - ChkP21.lon) * (retn.lon -

Math.Round((retn.lat - ChkP21.lat) * (retn.lat -

If retn.lon > -999999.9 Then
If tmpDX > @ Or tmpDY > @ Then
retn.lon = -999999.9
retn.lat = -999999.9
End If
End If

Return retn
End Function

Public Function FindCrossingPoint(ByRef x1 As Double, ByRef yl As Double, ByRef
x2 As Double, ByRef y2 As Double, ByRef x3 As Double, ByRef y3 As Double, ByRef x4
As Double, ByRef y4 As Double) As C8WayPoint

Dim retn As C8WayPoint = New C8WayPoint()
Dim x12 As Double = x1 - x2
Dim x34 As Double = x3 - x4
Dim y12 As Double = y1 - y2
Dim y34 As Double = y3 - y4

Dim ¢ As Double = x12 * y34 - y12 * x34

If (Math.Abs(c) < ©.00000001) Then
retn.lon = -999999.9
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retn.lat = -999999.9
Else
Dim a = x1 * y2 - y1 * x2
Dim b = x3 * y4 - y3 * x4
retn.lon = (a * x34 - b * x12) / ¢
retn.lat = (a * y34 - b * y12) / ¢

If x3 = x4 Then retn.lon = x3
If y3 = y4 Then retn.lat = y3
End If

Return retn
End Function

Given three colinear points p, g, r, the function checks if

point q lies on line segment 'pr'

Public Function Max(ByRef a As Double, ByRef b As Double) As Double
If a < b Then Return b
Return a

End Function

Public Function Min(ByRef a As Double, ByRef b As Double) As Double
If a < b Then Return a
Return b

End Function

Public Function onSegment(ByRef p As C8WayPoint, ByRef q As C8WayPoint, ByRef r
As C8WayPoint) As Boolean
If g.lon <= Max(p.lon, r.lon) And g.lon >= Min(p.lon, r.lon) And g.lat <=
Max(p.lat, r.lat) And g.lat >= Min(p.lat, r.lat) Then
Return True
End If
Return False
End Function
' To find orientation of ordered triplet (p, q, r).
The function returns following values
@ --> p, q and r are colinear
1 --> Clockwise
2 --> Counterclockwise
Public Function orientation(ByRef p As C8WayPoint, ByRef q As C8WayPoint, ByRef
r As C8WayPoint) As Integer
' See https:'www.geeksforgeeks.org/orientation-3-ordered-Dim as C8WayPoints/
' for details of below formula.
Dim vv As Double = (q.lat - p.lat) * (r.lon - g.lon) - (gq.lon - p.lon) *
(r.lat - g.lat)

If (vv = @) Then Return @ 'colinear

If vv > @ Then

Return 1 'clock wise
Else

Return 2 'counter-clock
End If

End Function

The main function that returns true if line segment 'plql’
and 'p2g2' intersect.
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Public Function doIntersect(ByRef pl As C8WayPoint, ByRef ql As C8WayPoint,
ByRef p2 As C8WayPoint, ByRef g2 As C8WayPoint) As Boolean
' Find the four orientations needed for general and
special cases
Dim ol As Integer = orientation(pl, q1, p2)
Dim 02 As Integer = orientation(pl, ql, q2)
Dim o3 As Integer = orientation(p2, q2, pl)
Dim o4 As Integer = orientation(p2, g2, q1l)

' General case
If (0ol <> 02 And 03 <> 04) Then Return True

' Special Cases

' pl, g1 and p2 are colinear and p2 lies on segment plql
If (o1 = @ And onSegment(pl, p2, ql)) Then Return True

' pl, g1 and g2 are colinear and g2 lies on segment plql
If (02 = @ And onSegment(pl, g2, ql)) Then Return True

' p2, g2 and pl are colinear and pl lies on segment p2qg2
If (03 = @ And onSegment(p2, pl, g2)) Then Return True

' p2, g2 and gl are colinear and gl lies on segment p2q2
If (04 = @ And onSegment(p2, g1, d2)) Then Return True
Return False '
End Function

Doesn't fall in any of the above cases

'Public Sub CreateDepartArray()
' ReDim latArray(140000)

' ReDim departArray(140000)
! Dim tmpAbsLat As Double

! latArray(0) = -70

For I As Integer = @ To latArray.Length - 1
! latArray(I) = latArray(@) + latStep * I
! tmpAbsLat = Math.Abs(latArray(I))

' If latArray(I) <= @ Then

departArray(I) = -Departure(tmpAbsLat)
! Else

departArray(I) = Departure(tmpAbsLat)
! End If

"departArray(I) = Departure(latArray(I))
' Next

' 'Dim ddd As Double = departArray(140000)
'"End Sub

'Public Function GetDepartute(ByRef lat As Double) As Double

' If lat < latArray(@) Then Return departArray(0)

' If lat >= latArray(latArray.Length - 1) Then Return
departArray(departArray.Length - 1)

Dim idx As Integer = Math.Floor((lat - latArray(®)) / latStep)
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Return (departArray(idx) + (departArray(idx + 1) - departArray(idx)) * (lat
- latArray(idx)) / latStep)
'"End Function

Public Sub CreateDepartArray()
ReDim latArray(70000)
ReDim departArray(70000)
'Dim tmpAbsLat As Double

latArray(@) = ©

For I As Integer = O To latArray.Length - 1
latArray(I) = latArray(@) + latStep * I
departArray(I) = Departure(latArray(I))

Next

'Dim ddd As Double = departArray(140000)
End Sub

Public Function GetDepartute(ByRef lat_deg As Double) As Double
Dim lat As Double = Math.Abs(lat_deg)
Dim retn As Double
If lat >= latArray(latArray.Length - 1) Then
retn = departArray(departArray.Length - 1)
Else
Dim idx As Integer = Math.Floor((lat - latArray(@)) / latStep)
retn = departArray(idx) + (departArray(idx + 1) - departArray(idx)) *
(lat - latArray(idx)) / latStep
End If

If lat_deg > © Then
Return retn
Else
Return -retn
End If
End Function

Public Function Departure(ByRef lat_deg As Double) As Double
Dim retn As Double = 7915.7045 * Math.Logl@(Math.Tan(Math.PI / 4 + lat_deg *
Math.PI / 36@))
Return retn
End Function

Public Function Distance(ByRef wpl As C8WayPoint, ByRef wp2 As C8WayPoint) As
Double
If wpl.lat = wp2.lat Then
Return (Math.Abs(wpl.lon - wp2.lon) * 60 * Math.Cos(wpl.lat * toRad))
End If

Dim retn As Double = (wp2.lat - wpl.lat) * 60
Dim C As Double = Direction_rad(wpl, wp2)

If Math.Abs(retn / Math.Cos(C)) > 999999.0 Then

Dim dd As Double = 1
End If
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Return (Math.Abs(retn / Math.Cos(C)))

End Function

Public Function Direction_rad(ByRef wpl As C8WayPoint, ByRef wp2 As C8WayPoint)
As Double

Dim tmpX As Double = (wp2.lon - wpl.lon)
If tmpX > 180 Then
tmpX -= 360
ElseIf tmpX < -180 Then
tmpX += 360
End If

tmpX *= 60

Dim tmpY As Double = GetDepartute(wp2.lat) - GetDepartute(wpl.lat)
Dim retn As Double = Math.Atan2(tmpX, tmpY)

If retn < @ Then retn += 2 * Math.PI

Return retn

End Function

Public Function NewPosition(ByRef orgWP As C8WayPoint, ByRef C_deg As Double,
ByRef Dist_NM As Double) As C8WayPoint

Dim retn As C8WayPoint = New C8WayPoint()

Dim cs As Double = Math.Cos(C_deg * toRad)

Dim sn As Double = Math.Cos(C_deg * toRad)

retn.lat += Dist_NM * cs / 60

retn.lon += Dist_NM * sn * Math.Cos((retn.lat + orgWP.lat) * toRad / 2) / 60
Return retn

End Function

Public Function CalculateTime(ByVal timeAtWpl As Date, ByRef wpl As C8WayPoint,
ByRef wp2 As C8WayPoint, ByRef dist As Double, ByRef dir As Double, ByRef
spdchar_forDTR As C7TotalShipSpeedChar, ByRef weatherDB As C8WeatherDB, ByRef
limitWavHeight As Double, ByRef limitWndSpd As Double, ByRef rpm As Double, ByRef
draft As Double, ByRef trm As Double, ByRef normSpdChar As C3NormSpeedForAllRPM) As

Double

Dim retn As Double = ©
Dim actSpd As Double
Dim dtime As Double =1

Dim weatherDat As C8WeatherPoint = New C8WeatherPoint()
Dim tmpDistTravel As Double = ©

Dim tmpRemainDist As Double = dist

Dim tmp As Double

Dim tmpCurrPos As C8WayPoint = New C8WayPoint(wpl)
Dim tmpTime As Date = timeAtWpl

Dim relWndDir As Double
Dim WndSpd As Double

Dim relWavDir As Double
Dim Wavhgt As Double

While True
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weatherDB.GetWeatherPoint(tmpTime, tmpCurrPos.lat, tmpCurrPos.lon,

weatherDat)

If weatherDat.wavHei >= limitWavHeight Or weatherDat.wndspd >=

limitWndSpd Then
retn = mGlbInfinite
Return retn
End If

actSpd = spdchar_forDTR.GetSpeedValue(normSpdChar, rpm, draft, trm,

WndSpd, relWndDir, Wavhgt, relWavDir)

actSpd += weatherDat.crrspd * Math.Cos(toRad * DirectionDiff_deg(dir,

weatherDat.crrdir))

If actSpd <= @ Then
retn = mGlbInfinite
Return retn

End If

tmp = tmpRemainDist / actSpd

If tmp <= dtime Then
retn += tmp

timeAtWpl = DateAdd(DateInterval.Hour, tmp, tmpTime)

Exit While

Else
tmpRemainDist -= dtime * actSpd
tmpDistTravel += dtime * actSpd
retn += dtime
tmpTime = DateAdd(DateInterval.Hour, dtime,

tmpTime)

tmpCurrPos = NewPosition(tmpCurrPos, dir, tmpDistTravel)

End If
End While

Return retn
End Function

Public Function DirectionDiff_deg(ByRef base As Double,
Double
Dim retn As Double = bear - base
If retn < -180 Then retn += 360
If retn > 180 Then retn -= 360

If retn < @ Then retn = -retn
Return retn
End Function

ByRef bear As Double) As

Public Function ValuelInterpolate(ByRef vl As Double, ByVal v2 As Double, ByRef

fac As Double) As Double
Dim retn As Double = v1 + (v2 - v1) * fac
Return retn
End Function

Public Function DirectionInterpolate(ByRef dirl As Double, ByVal dir2 As Double,

ByRef fac As Double) As Double
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Dim diff As Double
Dim retn As Double
If retn < @ Then

DirectionDiff_deg(dirl, dir2)
dirl + diff * fac

retn += 360

ElseIf retn >= 360 Then
retn -= 360

End If

Return retn
End Function

Public Sub WeatherPointInterpolate(ByRef wl As C8WeatherPoint, ByRef w2 As
C8WeatherPoint, ByRef fac As Double, ByRef wRes As C8WeatherPoint)
If fac <= @ Then
wRes.CopyFrom(wl)
ElseIf fac >= 1 Then
wRes . CopyFrom(w2)
Else
wRes.wndspd = ValueInterpolate(wl.wndspd, w2.wndspd, fac)
wRes.crrspd = ValueInterpolate(wl.crrspd, w2.crrspd, fac)
wRes.wndspd = ValueInterpolate(wl.wavHei, w2.wavHei, fac)
wRes.wnddir = DirectionInterpolate(wl.wnddir, w2.wnddir, fac)
wRes.wavdir = DirectionInterpolate(wl.wavdir, w2.wavdir, fac)
wRes.crrdir = DirectionInterpolate(wl.crrdir, w2.crrdir, fac)
End If
End Sub

End Class

2. Tinh to4n ké hoach khai thac tau tbi wu

Public Class CFleetPlanning
End Class

Public Class CCARGOCONTRACT
Public cargoes() As CCargo

Public Sub New()
End Sub

Public Sub CopyFrom(ByRef org As CCARGOCONTRACT)
If IsNothing(org.cargoes) = True Then
cargoes = Nothing
Else
ReDim cargoes(org.cargoes.Length - 1)
For I As Integer = @ To cargoes.Length - 1
cargoes(I) = New CCargo()
cargoes(I).CopyFrom(org.cargoes(I))
Next
End If
End Sub

Public Function AddNewShip(ByRef newCargo As CCargo) As Integer
Dim st As String = newCargo.ToStringFormat()

If IsNothing(cargoes) = True Then
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ReDim cargoes(9)
cargoes(0®) = New CCargo()
cargoes(0).InitFromStr(st)
Return 1

End If

For I As Integer = © To cargoes.Length - 1
If String.Compare(cargoes(I).code, newCargo.code, True) = @ Then
Return -1
End If
Next

ReDim Preserve cargoes(cargoes.Length)
cargoes(cargoes.Length - 1) = New CCargo()
cargoes(cargoes.Length - 1).InitFromStr(st)
Return 1

End Function

Public Function ChangeShipData(ByRef newCargo As CCargo) As Integer
Dim st As String = newCargo.ToStringFormat()
Dim idx As Integer = -1

If IsNothing(cargoes) = False Then
For I As Integer = @ To cargoes.Length - 1
If String.Compare(cargoes(I).code, newCargo.code, True) = © Then

idx = 1
Exit For
End If
Next
End If

If idx < @ Then Return -1
cargoes(idx) = New CCargo()
cargoes(idx).InitFromStr(st)
Return 1

End Function

Public Function DeleteShip(ByVal idx As Integer) As Integer
If IsNothing(cargoes) = True Then Return -1
If idx < @ Or idx >= cargoes.Length Then Return -1

If cargoes.Length = 1 Then
cargoes = Nothing
Return -1

End If

Dim st As String

For I As Integer = idx To cargoes.lLength - 2
st = cargoes(I + 1).ToStringFormat()
cargoes(I) = New CCargo()
cargoes(I).InitFromStr(st)

Next

ReDim Preserve cargoes(cargoes.Length - 2)

Return 1
End Function
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Public Sub InitCargoContract(ByRef st() As String)
ReDim cargoes(st.Length - 1)
Dim count As Integer = ©

For I As Integer = © To cargoes.lLength - 1
cargoes(count) = New CCargo()
cargoes(count).InitFromStr(st(I))

If cargoes(count).code <> "" Then count += 1

Next

If count = @ Then
cargoes = Nothing
Exit Sub
Else
If count < cargoes.Length Then
ReDim Preserve cargoes(count - 1)
End If
End If

Dim stl As String
Dim st2 As String
For I As Integer = © To cargoes.Length - 2
For J As Integer = I + 1 To cargoes.Length - 1
If cargoes(I).code > cargoes(J).code Then
stl = cargoes(I).ToStringFormat()
st2 = cargoes(2).ToStringFormat()

cargoes(I).InitFromStr(st2)
cargoes(J).InitFromStr(stl)
End If
Next
Next
End Sub
End Class

Public Class CCargo
Public code As String
Public type As String

Public minimumWeight As Double
Public maximumWeight As Double

'Public weight As Double
'Public IsWeightMatter As Integer

Public frmPort As String
Public earlyDueDate As Date
Public lateDueDate As Date

'Public dueDateReceipt As Date
'Public IsDateMatter As Integer

Public toPort As String
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Public Sub New()
End Sub

Public Sub CopyFrom(ByRef org As CCargo)

With org
code = .code
type = .type
minimumWeight = .minimumWeight
maximumWeight = .maximumWeight

'weight = .weight
'IsWeightMatter = .IsWeightMatter

frmPort = .frmPort
earlyDueDate = DateAdd(DateInterval.Day, ©, .earlyDueDate)
lateDueDate = DateAdd(DatelInterval.Day, @, .lateDueDate)

'dueDateReceipt = .dueDateReceipt
'IsDateMatter = .IsDateMatter

toPort = .toPort
End With
End Sub

Public Sub InitFromStr(ByRef st As String)
Dim v() As String = Split(st, ";")

code = v(0)
type = v(1)
minimumWeight = Val(v(2))
maximumWeight = Val(v(2))

'weight = Val(v(2))
'IsWeightMatter = Val(v(3))

frmPort = v(4)
earlyDueDate = mGlbFcnUlongStringToDate(v(5))
lateDueDate = mGlbFcnUlongStringToDate(v(5))

'dueDateReceipt
'IsWeightMatter

mGlbFcnUlongStringToDate(v(5))
Val(v(6))

toPort = v(7)
End Sub

Public Function ToStringFormat() As String

'Dim st As String = String.Format("{0};{1};{2};{3};{4};{5};{6};{7}", code,
type, weight, IsWeightMatter, frmPort, mGlbFcnDateToUlongString(dueDateReceipt),
IsDateMatter, toPort)

Dim st As String = String.Format("{0};{1};{2};{3};{4};{5};{6};{7}", code,
type, minimumWeight, maximumWeight, frmPort, mGlbFcnDateToUlongString(earlyDueDate),
mGlbFcnDateToUlongString(lateDueDate), toPort)

Return st

End Function
End Class
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Public Class CCargoTypelist
Public types() As String

Public Sub New()
End Sub

Public Sub Init(ByRef st As String)

If st = "" Then
types = Nothing
Exit Sub

End If

Dim v() As String = Split(st, ";")

ReDim types(v.Length - 1)
For I As Integer = O To v.Length - 1
types(I) = v(I)
Next
End Sub

Public Function ToStringFormat() As String
If IsNothing(types) = True Then Return ""

Dim retn As String = types(0)

For I As Integer = 1 To types.Length - 1
types(I) = retn & ";" & types(I)

Next

Return retn
End Function

Public Function AddNewType(ByVal newtype As String) As Integer
If IsNothing(types) = True Then
ReDim types(®@)
types(0) = newtype
Return 1
End If

For I As Integer = @ To types.Length - 1
If String.Compare(newtype, types(I), True) = @ Then
Return -1
End If
Next

ReDim Preserve types(types.Length)
types(types.Length - 1) = newtype

Return 1
End Function

Public Function DeleteType(ByVal idx As Integer) As Integer
If IsNothing(types) = True Then
Return 1
End If
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If idx < @ Or idx >= types.Length Then
Return -1
End If

If types.Length = 1 Then
types = Nothing
Return 1

End If

For I As Integer = idx To types.Length - 2
types(I) = types(I + 1)

Next

ReDim Preserve types(types.Length - 2)

Return 1

End Function
End Class

Public Class CPortlList
Public ports() As String

Public Sub New()
End Sub

Public Sub Init(ByRef st As String)

If st = "" Then
ports = Nothing
Exit Sub

End If

Dim v() As String = Split(st, ";")

ReDim ports(v.Length - 1)
For I As Integer = O To v.Length - 1
ports(I) = v(I)
Next
End Sub

Public Function ToStringFormat() As String
If IsNothing(ports) = True Then Return ""

Dim retn As String = ports(@)

For I As Integer = 1 To ports.Length - 1
ports(I) = retn & ";" & ports(I)

Next

Return retn
End Function

Public Function AddNewport(ByVal newport As String) As Integer
If IsNothing(ports) = True Then
ReDim ports(0)
ports(@) = newport
Return 1
End If

For I As Integer = © To ports.Length - 1
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If String.Compare(newport, ports(I), True) = @ Then
Return -1
End If
Next

ReDim Preserve ports(ports.Length)
ports(ports.Length - 1) = newport

Return 1
End Function

Public Function Deleteport(ByVal idx As Integer) As Integer
If IsNothing(ports) = True Then
Return 1
End If

If idx < @ Or idx >= ports.Length Then
Return -1
End If

If ports.Length = 1 Then
ports = Nothing
Return 1

End If

For I As Integer = idx To ports.Length - 2
ports(I) = ports(I + 1)

Next

ReDim Preserve ports(ports.Length - 2)

Return 1
End Function
End Class

Public Class CFLEETCAPACITY
Public ships() As CShipDataForTrips
Public shipUse() As Integer

Public Sub New()
End Sub

Public Sub SetShipUsage(ByRef usg() As Integer)
ReDim shipUse(ships.Length - 1)
For I As Integer = © To shipUse.Length - 1
shipUse(I) = usg(I)
Next
End Sub

Public Function AddNewShip(ByRef newShip As CShipDataForTrips) As Integer
Dim st As String = newShip.ToStringFormat()

If IsNothing(ships) = True Then
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ReDim ships(0)
ships(@) = New CShipDataForTrips()
ships(9).Init(st)
Return 1
End If

For I As Integer = @ To ships.Length - 1
If String.Compare(ships(I).shipIMO, newShip.shipIMO, True) = © Then
Return -1
End If
Next

ReDim Preserve ships(ships.Length)
ships(ships.Length - 1) = New CShipDataForTrips()
ships(ships.Length - 1).Init(st)
Return 1

End Function

Public Function ChangeShipData(ByRef newShip As CShipDataForTrips) As Integer
Dim st As String = newShip.ToStringFormat()
Dim idx As Integer = -1

If IsNothing(ships) = False Then
For I As Integer = @ To ships.Length - 1
If String.Compare(ships(I).shipIMO, newShip.shipIMO, True) = @ Then

idx = 1
Exit For
End If
Next
End If

If idx < @ Then Return -1
ships(idx) = New CShipDataForTrips()
ships(idx).Init(st)
Return 1
End Function

Public Function DeleteShip(ByVal idx As Integer) As Integer
If IsNothing(ships) = True Then Return -1
If idx < @ Or idx >= ships.Length Then Return -1

If ships.Length = 1 Then
ships = Nothing
Return -1

End If

Dim st As String

For I As Integer = idx To ships.Length - 2
st = ships(I + 1).ToStringFormat()
ships(I) = New CShipDataForTrips()
ships(I).Init(st)

Next

ReDim Preserve ships(ships.Length - 2)

Return 1
End Function
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Public Sub InitFleet(ByRef st() As String)
ReDim ships(st.Length - 1)
Dim count As Integer = ©

For I As Integer = @ To ships.Length - 1
ships(count) = New CShipDataForTrips()
ships(count).Init(st(I))

If ships(count).shipIMO <> "" Then count += 1

Next

If count = @ Then
ships = Nothing
Exit Sub
Else
If count < ships.Length Then
ReDim Preserve ships(count - 1)
End If
End If

Dim stl As String
Dim st2 As String
For I As Integer = @ To ships.Length - 2
For J As Integer = I + 1 To ships.Length - 1
If ships(I).shipIMO > ships(J).shipIMO Then
stl = ships(I).ToStringFormat()
st2 = ships(2).ToStringFormat()

ships(I).Init(st2)
ships(J).Init(st1)
End If
Next
Next
End Sub
End Class

Public Class CShipDataForTrips
Public shipIMO As String
Public DWT As Double
Public avgResttime As Double

Public availFrom As Date
Public availFromPlace As String

Public availTo As Date
Public availToPlace As String

Public dailyOffServiceFuelCost As Double
Public portPossible() As String

Public cargoPossible() As String

Public cweights() As Double

Public spds() As Double

Public fuelcons() As Double

Public Sub New()
End Sub
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Public Sub Init(ByRef st As String)
Try
Dim v() As String = Split(st, ";")
shipIMO = v(0)

DWT = Val(v(1))

avgResttime = Val(v(2))

availFrom = mGlbFcnUlongStringToDate(v(3))
availFromPlace = v(5)

availTo = mGlbFcnUlongStringToDate(v(6))
availToPlace = v(7)

dailyOffServiceFuelCost = Val(v(8))

Dim idx As Integer = 9
Dim No As Integer

No = Val(v(idx))
idx += 1

If No > @ Then
ReDim portPossible(No - 1)
For I As Integer = @ To No - 1
portPossible(I) = v(idx)
idx += 1
Next

Else
portPossible = Nothing
End If

No = Val(v(idx))
idx += 1

If No > @ Then
ReDim cargoPossible(No - 1)
For I As Integer = 0 To No - 1
cargoPossible(I) = v(idx)
idx += 1
Next

Else
cargoPossible = Nothing
End If

No = Val(v(idx))
idx += 1

If No > @ Then
ReDim cweights(No - 1)
ReDim spds(No - 1)
ReDim fuelcons(No - 1)

For I As Integer = 0 To No - 1
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cweights(I) = v(idx)
spds(I) = v(idx + 1)
fuelcons(I) = v(idx + 2)
idx += 3

Next

Else
cweights = Nothing
spds = Nothing
fuelcons = Nothing
End If

Catch ex As Exception
shipIMo = ""
End Try
End Sub

Public Function ToStringFormat() As String
Dim retn As String = shipIMO & ";" & DWT & ";" & avgResttime & ";" &
mGlbFcnDateToUlongString(availFrom) & ";" & availFromPlace & ";" &
mGlbFcnDateToUlongString(availTo) & ";" & availToPlace & ";" & ";" &
dailyOffServiceFuelCost
If IsNothing(portPossible) = False Then
retn = retn & ";" & portPossible.Length
For I As Integer = @ To portPossible.Length - 1
retn = retn & ";" & portPossible(I)
Next
Else
retn = retn & ";0"
End If

If IsNothing(cargoPossible) = False Then

retn = retn & ";" & cargoPossible.LlLength

For I As Integer = @ To cargoPossible.Length - 1

retn = retn & ";" & cargoPossible(I)

Next
Else

retn = retn & ";0
End If

If IsNothing(cweights) = False Then

retn = retn & ";" & cweights.Length

For I As Integer = @ To cweights.Length - 1

retn = retn & ";" & cweights(I) & ";" & spds(I) & ";" & fuelcons(I)

Next
Else

retn = retn & ";0
End If

Return retn
End Function

Public Function GetBallastSpeedAndFuelConsumption() As Double()
Dim cargoweight As Double = (cweights(®) * 2 + cweights(cweights.Length -
1)) / 3
Return GetTravelSpeedAndFuelConsumption(cargoweight)
End Function
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Public Function GetTravelSpeedAndFuelConsumption(ByVal cargoweight As Double) As
Double()
Dim retn(2) As Double
If cargoweight < cweights(@) Then
retn(@) = spds(®)
retn(l) = fuelcons(9)

ElseIf cargoweight >= cweights(cweights.Length - 1) Then
retn(@) = spds(cweights.Length - 1)
retn(1) = fuelcons(cweights.Length - 1)

Else
Dim idx As Integer = -1
For I As Integer = @ To cweights.Length - 2
If cweights(I) <= cargoweight And cweights(I + 1) >= cargoweight

Then
idx = I
Exit For
End If
Next
Dim fct As Double = (cargoweight - cweights(idx)) / (cweights(idx + 1) -
cweights(idx))
retn(@) = spds(idx) + (spds(idx + 1) - spds(idx)) * fct
retn(@) = fuelcons(idx) + (fuelcons(idx + 1) - fuelcons(idx)) * fct
End If

Return retn
End Function

End Class

Public Class CPortToPortDistance
Public ports() As String
Public portportDist(,) As Double

Public Sub New(ByRef portlist As CPortList)
If IsNothing(portlist.ports) = True Then
ports = Nothing
portportDist = Nothing
End If

ReDim ports(portlist.ports.Length - 1)

For I As Integer = @ To ports.Length - 1
ports(I) = portlist.ports(I)

Next

ReDim portportDist(ports.Length - 1, ports.Length - 1)
For I As Integer = © To ports.Length - 1
For J As Integer = @ To ports.Length - 1
If I = 3J Then

portportDist(I, J) = ©
Else

portportDist(I, J) = 1000
End If
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Next
Next
End Sub

Public Sub Init(ByRef st() As String)
Dim v() As String
Dim idx1 As Integer
Dim idx2 As Integer

For I As Integer = © To st.Length - 1
v = Split(st(I), ";")
If v.Length <> 3 Then Continue For

idx1 -1
idx2 = -1

For J As Integer = © To ports.Length - 1
If String.Compare(ports(I), v(@), True)
If String.Compare(ports(I), v(1), True)
Next

@ Then idx1
@ Then idx2

I}
(&)

1}
(&)

If idx1l >= @ And idx2 > © Then
portportDist(idx1, idx2) = Val(v(2))
End If
Next
End Sub

Public Function ToStrings() As String()
Dim retn(portportDist.Length - 1) As String
Dim idx As Integer = 0

For I As Integer = @ To ports.Length - 1
For J As Integer = © To ports.Length - 1
retn(idx) = String.Format("{0};{1};{2}", ports(I), ports(3J),
portportDist(I, J))
Next
Next

Return retn
End Function

Public Function GetPortToPortDistance(ByRef stPort As String, ByRef enPort As
String) As Double

Dim idx1 As Integer

Dim idx2 As Integer

-1
-1

For I As Integer = @ To ports.Length - 1
If String.Compare(stPort, ports(I), True) 0 Then idx1
If String.Compare(enPort, ports(I), True) = © Then idx2
Next

1}
H

1}
H

If idx1l >= @ And idx2 >= © Then
Return portportDist(idx1l, idx2)
Else
Return ©
End If
End Function
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End Class

3. Tinh toan dic tinh di€u dong va tiéu thu nhién li€u cia tau
Imports System.Text
Imports System.IO

'"NHAP LIEU, THAY RPM BANG NORMINAL SPEED

'"THAY FUELCONSUME DONG NHAT BANG GIA TRI 1 (ONE)

' "THAY DRAFT DONG NHAT BANG GIA TRI 1 (ONE)

' 'THAY MONTHSSINCELASTDRYDOCK DONG NHAT BANG GIA TRI 1 (ONE)

'"THAY TRIM DONG NHAT BANG GIA TRI @ (ZERO)

''"THEO DO, THAY GIA TRI MAX, MIN CUA RMP THANH GIA TRI TRONG KHOANG © - 50
'"THAY GIA TRI MAX, MIN CUA FUELCONSUME THANH GIA TRI TRONG KHOANG © - 2
' "NHUNG PHAN KHAC TINH SAU

''02 THONG SO CAN NHAP LA LEARN-RATE,

Public Class CParallelANN
Public anns() As CShipPerformanceANN
Public fisrtTrainingRetn() As Double
Public lastTrainingRetn() As Double

Public NoOfHiddenNeural As Integer
Public learnRate As Double

Public NoOf1@@0Repear As Integer

Public NoOfReservedTestSample As Integer

Public sDraft As Double

Public sTrim As Double

Public sRPM As Double

Public sTrimStep As Double = 0.3
Public sDraftStep As Double = 0.5
Public sRPMStep As Double = 10

Public Sub New(ByVal drft As Double, ByVal trm As Double, ByVal rpm As Double,
ByVal tmpNoOfHiddenNeural As Integer, ByVal tmplLearningRate As Double, ByVal
tmpNoOfRepeatx1000 As Integer, ByVal tmpNoOfSampleForTest As Integer)

sDraft = drft
sTrim = trm
SRPM = rpm

NoOfHiddenNeural = tmpNoOfHiddenNeural
learnRate = tmplLearningRate

NoOf1000Repear = tmpNoOfRepeatx1000
NoOfReservedTestSample = tmpNoOfSampleForTest

Dim paramfile As String = GetParamFileName()
Dim st As String = ""
Dim dats() As String = Nothing

Try

Dim stRead As StreamReader = New StreamReader(paramfile)
st = stRead.ReadToEnd()
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stRead.Close()
Catch ex As Exception
st = "v
End Try

If st <> "" Then

dats = Split(st, vbCrLf)
Else

dats = Nothing
End If

If IsNothing(dats) = False Then
If dats.Length <> mGlbWndDirs.Length + 1 Then
dats = Nothing
Else
Dim v() As String = Split(dats(e), ";")
If v.Length <> 3 Then
dats = Nothing
Else
If val(v(1l)) <> NoOfHiddenNeural Then
dats = Nothing
End If
End If
End If
End If

ReDim anns(mGlbWndDirs.Length - 1)
ReDim fisrtTrainingRetn(mGlbWndDirs.Length - 1)
ReDim lastTrainingRetn(mGlbWndDirs.Length - 1)

For I As Integer = © To anns.Length - 1
If IsNothing(dats) = True Then
anns(I) = New CShipPerformanceANN(mGlbWndDirs(I), "", learnRate,
NoOf1000Repear, NoOfReservedTestSample, NoOfHiddenNeural)
Else
anns(I) = New CShipPerformanceANN(mGlbWndDirs(I), dats(I + 1),
learnRate, NoOf1000Repear, NoOfReservedTestSample, NoOfHiddenNeural)
End If
Next
End Sub

Public Sub ReNew(ByVal tmpNoOfHiddenNeural As Integer, ByVal tmpLearningRate As
Double, ByVal tmpNoOfRepeatx1000 As Integer, ByVal tmpNoOfSampleForTest As Integer)
NoOfHiddenNeural = tmpNoOfHiddenNeural
learnRate = tmplLearningRate
NoOf1000Repear = tmpNoOfRepeatx1000
NoOfReservedTestSample = tmpNoOfSampleForTest

ReDim anns(mGlbWndDirs.Length - 1)
ReDim fisrtTrainingRetn(mGlbWndDirs.Length - 1)
ReDim lastTrainingRetn(mGlbWndDirs.Length - 1)

For I As Integer = O To anns.Length - 1
anns(I) = New CShipPerformanceANN(mGlbWndDirs(I), "", learnRate,
NoOf1000Repear, NoOfReservedTestSample, NoOfHiddenNeural)
Next
End Sub
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Public Function GetFolderName() As String
Return "NeuralData"
End Function

Public Function GetParamFileName() As String
Dim retn As String = GetFolderName() & IO.Path.DirectorySeparatorChar &
"NN_Param_"
Dim tmp As Integer

tmp = SRPM
retn = retn & tmp.ToString

tmp = sDraft * 10
retn = retn & tmp.ToString

tmp = sTrim * 10
retn = retn & tmp.ToString

Return retn
End Function

Public Function GetNormalizeFileName() As String
Dim retn As String = GetFolderName() & IO.Path.DirectorySeparatorChar &
"NormalizeParam.txt"
Return retn
End Function

Public Function SaveNetWorkParameter(ByVal filename As String) As Boolean
Dim stWrite As StreamWriter = New StreamWriter(filename)
Dim st As String

st = ""
For I As Integer = © To anns(@).ANN.LayerCount - 1

st = st & anns(®).ANN.Layers(I).NeuronCount & ;"
Next
st = st.Substring(@, st.Length - 1)
stWrite.WriteLine(st)

For KK As Integer = @ To anns.Length - 1

st = ""
If anns(KK).TrainSuccess = 1 Then
For I As Integer = © To anns(KK).ANN.LayerCount - 1
For J As Integer = © To anns(KK).ANN.Layers(I).NeuronCount - 1
st = st & ";" & anns(KK).ANN.Layers(I).Neurons(J).Bias
For K As Integer = 0 To
anns (KK) .ANN. Layers(I).Neurons(J).DendriteCount - 1
st = st & ";" &
anns (KK) .ANN. Layers(I).Neurons(3J).Dendrites(K).Weight

Next
Next
Next
Else
st = "Unsuccessful"
End If
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st = st.Substring(1)
stWrite.WriteLine(st)
Next

stWrite.Close()
Return True
End Function

Public Sub RunANN(ByVal isReInit As Integer)
If isReInit = @ Then
For I As Integer = @ To anns.Length - 1
anns(I).ANN.InitializeNetworkRandomly ()
Next
End If

For I As Integer = © To anns.Length - 1
Dim retn() As Double = anns(I).RunNN()
fisrtTrainingRetn(I) = retn(0)
lastTrainingRetn(I) = retn(retn.Length - 1)
Next

Dim paramfile As String = GetParamFileName()
SaveNetWorkParameter(paramfile)
End Sub

Public Sub InitANNAndTrainingDataSet(ByRef workingrecords As
CShipPerformanceRecordList, ByRef timeofrecord As Date)
Dim NormFileName As String = GetNormalizeFileName()
Dim NormSet As CNormalizeSet = New CNormalizeSet()
NormSet.LoadNormDataFromFile (NormFileName)

Dim tmpWndDirStep As Double = (mGlbWndDirs(1) - mGlbWndDirs(@)) / 2

Dim tmpWorkingRecords As CShipPerformanceRecordList = New
CShipPerformanceRecordList()
For I As Integer = @ To anns.Length - 1
ReDim tmpWorkingRecords.perf(1000)
Dim tmpCount As Integer = 0@

For J As Integer = @ To workingrecords.perf.Length - 1
With workingrecords.perf(3J)
If .sRPM >= sRPM - sRPMStep And .sRPM <= sRPM + sRPMStep And
.sDraft >= sDraft - sDraftStep And .sDraft <= sDraft + sDraftStep And .sTrim >=
sTrim - sTrimStep And .sTrim <= sTrim + sTrimStep Then

If .WndDir_deg >= anns(I).WndRelativeDir - tmpWndDirStep And
.WndDir_deg <= anns(I).WndRelativeDir + tmpWndDirStep Then
tmpWorkingRecords.perf(tmpCount) = New
CShipPerformanceRecord(workingrecords.perf(J))
tmpCount += 1
End If

End If

End With
Next
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If tmpCount >= 10 Then

ReDim Preserve tmpWorkingRecords.perf(tmpCount - 1)
Else

tmpWorkingRecords.perf = Nothing
End If

anns(I).TrainingDataRecords = New CTrainingDataSet(NormSet,
tmpWorkingRecords, timeofrecord, NoOfReservedTestSample)
Next
End Sub

End Class

Public Class CShipPerformanceANN
Public layList As List(Of Integer)
Public 1lrnRate As Double = 0.01
Public ANN As NeuralNet.NeuralNetwork
Public TrainingDataRecords As CTrainingDataSet
Public NoOf_1000_ Repeat As Integer = 20
Public NoOfInp As Integer
Public NoOfOut As Integer
Public NoOfhiden As Integer
Public NoOfSampleReservedForTesting As Integer = ©

Public WndRelativeDir As Double
Public TrainSuccess As Integer

Public Sub New(ByVal wnddir As Double, ByVal biasweight As String, ByVal
learnRate As Double, ByVal NoOfRepeatx1000 As Integer, ByVal ReservedForTesting As
Integer, ByVal NoOfHiddenNeural As Integer, Optional ByVal NoOfInputNeural As
Integer = 7, Optional ByVal NoOfOutNeural As Integer = 1)

NoOfInp = NoOfInputNeural
NoOfOut = NoOfOutNeural
NoOfhiden = NoOfHiddenNeural

NoOf_1000_Repeat = NoOfRepeatx1000
lrnRate = learnRate
NoOfSampleReservedForTesting = ReservedForTesting

layList = New List(Of Integer)
layList.Add(NoOfInputNeural)
laylList.Add(NoOfHiddenNeural)

laylList.Add(NoOfOut)

ANN = New NeuralNet.NeuralNetwork(lrnRate, layList)

WndRelativeDir = wnddir

Dim loaded As Boolean = ANN.LoadNetWorkParameter(biasweight)
If loaded = False Then
ANN.InitializeNetworkRandomly ()
TrainSuccess = @
Else
TrainSuccess = 1
End If
End Sub
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Public Function GetOutPutSpeedErrorForTheTrainingSet() As Double()
Dim tmpInput As List(Of Double) = New List(Of Double)
Dim tmpOutput As List(Of Double) = New List(Of Double)

Dim retn(TrainingDataRecords.InputDat.Length - 1) As Double

For I As Integer = @ To TrainingDataRecords.InputDat.Length - 1
tmpInput = New List(Of Double)
tmpOutput = New List(Of Double)

With TrainingDataRecords.InputDat(I)
"tmpInput.Add(.monthsSinceLastDryDock)
tmpInput.Add(.prop_rpm)
tmpInput.Add(.draft_m)
tmpInput.Add(.trim_m)
tmpInput.Add(.wind_deg)
tmpInput.Add(.wind_kts)
tmpInput.Add(.wave_deg)
tmpInput.Add(.wave_m)

tmpOutput.Add(.spd_kts)
"tmpOutput.Add(.fdo_tph)
End With

Dim rOut As List(Of Double) = ANN.Execute(tmpInput)
Dim tmpRetn(@) As Double

tmpRetn(0) = roOut.Item(0)

"tmpRetn(1) = rOut.Item(1)

Dim retnl() As Double

retnl =
TrainingDataRecords.NormSet.NormalizedOutput_2_ShipSpdAndFuelcomsume(tmpRetn(0),
tmpRetn(1))

'retnl =
TrainingDataRecords.NormSet.NormalizedOutput_2_ShipSpdAndFuelcomsume(tmpRetn(0),
tmpRetn(1))

tmpRetn(@) = tmpOutput.Item(0)

tmpRetn(1) = tmpOutput.Item(1)

Dim retn2() As Double =
TrainingDataRecords.NormSet.NormalizedOutput_2_ShipSpdAndFuelcomsume(tmpRetn(0),
tmpRetn(1))

retn(I) = retnl(0) - retn2(0)
Next

Return retn
End Function

Public Function GetOutPutSpeedData(ByRef workingStatus As
CShipPerformanceRecord) As Double
Dim opernationalSet As CShipOperationDataSet =
TrainingDataRecords.GetNormalizeOpertionalDataSet(workingStatus)
Dim tmpInput As List(Of Double) = New List(Of Double)
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Dim tmpOutput As List(Of Double) = New List(Of Double)

tmpInput = New List(Of Double)
tmpOutput = New List(Of Double)

With opernationalSet
tmpInput.Add(.monthsSinceLastDryDock)
tmpInput.Add(.prop_rpm)
tmpInput.Add(.draft_m)
tmpInput.Add(.trim_m)
tmpInput.Add(.wind_deg)
tmpInput.Add(.wind_kts)
tmpInput.Add(.wave_deg)
tmpInput.Add(.wave_m)

tmpOutput.Add(.spd_kts)
tmpOutput.Add(.fdo_tph)
End With

Dim rOut As List(Of Double) = ANN.Execute(tmpInput)
Dim retn(1) As Double
retn(@) = rout.Item(0)
retn(l) = rOut.Item(1)

Dim retnl() As Double
retnl =
TrainingDataRecords.NormSet.NormalizedOutput_2_ShipSpdAndFuelcomsume(retn(0),
retn(1))
Return retnl(0)
End Function

Public Function RunNN() As Double()
Return TrainANN(TrainingDataRecords)
End Function

Public Function TrainANN(ByRef trainSet As CTrainingDataSet) As Double()
Dim tmpInput As List(Of Double) = New List(Of Double)
Dim tmpOutput As List(Of Double) = New List(Of Double)
Dim NoOfCheckingStep As Integer = 1000

Dim retn(NoOf_1000 Repeat - 1) As Double

For K As Integer = © To NoOf_1000 Repeat - 1
For Rep As Integer = 0 To 1000
For I As Integer = © To trainSet.InputDat.Length - 1
tmpInput = New List(Of Double)
tmpOutput = New List(Of Double)

With trainSet.InputDat(I)
"tmpInput.Add(.monthsSinceLastDryDock)
tmpInput.Add(.prop_rpm)
tmpInput.Add(.draft_m)
tmpInput.Add(.trim_m)
tmpInput.Add(.wind_deg)
tmpInput.Add(.wind_kts)
tmpInput.Add(.wave_deg)
tmpInput.Add(.wave_m)

206



tmpOutput.Add(.spd_kts)
"tmpOutput.Add(.fdo_tph)
End With

ANN.Train(tmpInput, tmpOutput)
Next
Next

retn(K) = SquareErrorSumUp(trainSet)
Next

Return retn
End Function

Public Function TestSetSquareErrorSumUp(ByRef trainSet As CTrainingDataSet) As
Double
If IsNothing(trainSet.TestDat) = True Then Return 999999

Dim retn As Double = @
Dim tmpInput As List(Of Double) = New List(Of Double)
Dim tmpOutput As List(Of Double) = New List(Of Double)

For I As Integer = @ To trainSet.TestDat.Length - 1
tmpInput = New List(Of Double)
tmpOutput = New List(Of Double)

With trainSet.TestDat(I)
"tmpInput.Add(.monthsSincelLastDryDock)
tmpInput.Add(.prop_rpm)
tmpInput.Add(.draft_m)
tmpInput.Add(.trim_m)
tmpInput.Add(.wind_deg)
tmpInput.Add(.wind_kts)
tmpInput.Add(.wave_deg)
tmpInput.Add(.wave_m)

tmpOutput.Add(.spd_kts)
"tmpOutput.Add(.fdo_tph)

Dim rOut As List(Of Double) = ANN.Execute(tmpInput)
retn += (rOut.Item(®) - tmpOutput.Item(@)) ~ 2
'retn += (rOut.Item(®) - tmpOutput.Item(®)) ~ 2 + (rOut.Item(1l) -
tmpOutput.Item(1)) ~ 2
End With
Next
Return retn
End Function

Public Function SquareErrorSumUp(ByRef trainSet As CTrainingDataSet) As Double
Dim retn As Double = @
Dim tmpInput As List(Of Double) = New List(Of Double)
Dim tmpOutput As List(Of Double) = New List(Of Double)

'Dim tmpErr(trainSet.InputDat.Length - 1) As Double
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For I As Integer = © To trainSet.InputDat.Length - 1
tmpInput = New List(Of Double)
tmpOutput = New List(Of Double)

With trainSet.InputDat(I)
"tmpInput.Add(.monthsSincelLastDryDock)
tmpInput.Add(.prop_rpm)
tmpInput.Add(.draft_m)
tmpInput.Add(.trim_m)
tmpInput.Add(.wind_deg)
tmpInput.Add(.wind_kts)
tmpInput.Add(.wave_deg)
tmpInput.Add(.wave_m)

tmpOutput.Add(.spd_kts)
"tmpOutput.Add(.fdo_tph)

Dim rOut As List(Of Double) = ANN.Execute(tmpInput)

retn += (rOut.Item(@) - tmpOutput.Item(©)) ~ 2

'retn += (rOut.Item(@) - tmpOutput.Item(®)) ~ 2 + (rOut.Item(1l) -
tmpOutput.Item(1)) ~ 2

"tmpErr(I) = (rOut.Item(@) - tmpOutput.Item(0))
End With
Next
Return retn
End Function

Public Sub GetData()
End Sub
End Class

Public Class CNormalizeValue
Public MinValue As Double
Public MaxValue As Double

Public Sub New(ByVal valMin As Double, ByVal valMax As Double)
MinValue = valMin
MaxValue = valMax
End Sub
End Class

Public Class CTrainingDataSet
Public mGlbOrgDate As Date = New Date(2010, 1, 1)
Public InputDat() As CShipOperationDataSet
Public TestDat() As CShipOperationDataSet
Public NormSet As CNormalizeSet

Public Sub New()
End Sub

"Public Sub New(ByVal NormFileName As String)

' NormSet = New CNormalizeSet()
NormSet.LoadNormDataFromFile(NormFileName)
"End Sub
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Public Sub New(ByRef orgNormSet As CNormalizeSet, ByRef workingrecords As
CShipPerformanceRecordList, ByRef TimeOfRecord As Date, ByVal NoOfTestSample As
Integer)

NormSet = New CNormalizeSet()
NormSet.CopyFrom(orgNormSet)

ReDim TestDat(10000)
Dim testCount As Integer

ReDim InputDat(10000)
Dim count As Integer = 0@

For I As Integer = @ To workingrecords.perf.Length - 1
If workingrecords.perf(I).doR >= TimeOfRecord Then
If I Mod 5 >= NoOfTestSample Then

InputDat(count) = New CShipOperationDataSet()

With workingrecords.perf(I)
InputDat(count).monthsSinceLastDryDock = 1 ' Val(v(®@))
InputDat(count).prop_rpm = .sRPM 'Val(v(1))
InputDat(count).draft_m = 1 " Val(v(2))
InputDat(count).trim_m = @ ' Val(v(3))
InputDat(count).wind_deg = .WndDir_deg ' Val(v(4))
InputDat(count).wind_kts .WndSpd_kts ' Val(v(5))
InputDat(count).wave_deg = .WavDir_deg ' Val(v(6))
InputDat(count).wave_m = .WavHgt m ' Val(v(7))
InputDat(count).spd_kts LSOW " Val(v(8))
InputDat(count).fdo_tph = 1 ' Val(v(9))

End With

count += 1

If count > InputDat.Length - 10 Then
ReDim Preserve InputDat(count + 100)
End If

Else

TestDat(testCount) = New CShipOperationDataSet()

With workingrecords.perf(I)
TestDat(testCount).monthsSinceLastDryDock = 1 ' Val(v(9))
TestDat(testCount).prop_rpm = .sRPM 'Val(v(1))
TestDat(testCount).draft_m = 1 ' Val(v(2))
TestDat(testCount).trim_m = @ ' Val(v(3))
TestDat(testCount).wind_deg = .WndDir_deg ' Val(v(4))
TestDat(testCount).wind_kts = .WndSpd_kts ' Val(v(5))
TestDat(testCount).wave_deg = .WavDir_deg ' Val(v(6))
TestDat(testCount).wave_m = .WavHgt m ' Val(v(7))
TestDat(testCount).spd_kts .SOW " Vval(v(8))
TestDat(testCount).fdo_tph = 1 ' Val(v(9))

End With

testCount += 1

If testCount > TestDat.Length - 10 Then
ReDim Preserve TestDat(testCount + 100)
End If
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End If
End If

Next

If count > @ Then

ReDim Preserve InputDat(count - 1)
Else

InputDat = Nothing
End If

If testCount > © Then

ReDim Preserve TestDat(testCount - 1)
Else

TestDat = Nothing
End If

NormalizeInputData()
NormalizeTestData()
End Sub

'Public Sub New(ByVal NormFileName As String, ByVal DatFileName As String)
' NormSet = New CNormalizeSet()

' NormSet.LoadNormDataFromFile(NormFileName)
' LoadDataFile(DatFileName)

! NormalizeInputData()

"End Sub

Public Sub NormalizeInputData()
Dim retn As CShipOperationDataSet = New CShipOperationDataSet()

If IsNothing(InputDat) = False Then
For I As Integer = © To InputDat.Length - 1
retn = NormSet.ShipOperationData_2_ NormalizeValue(InputDat(I))
InputDat(I).CopyFrom(retn)
Next
End If

End Sub

Public Sub NormalizeTestData()
Dim retn As CShipOperationDataSet = New CShipOperationDataSet()

If IsNothing(TestDat) = False Then
For I As Integer = @ To TestDat.Length - 1
retn = NormSet.ShipOperationData_2_NormalizeValue(TestDat(I))
TestDat(I).CopyFrom(retn)
Next
End If

End Sub
Public Function GetNormalizeOpertionalDataSet(ByRef workingstatusDetail As
CShipPerformanceRecord) As CShipOperationDataSet

Dim retn As CShipOperationDataSet = New CShipOperationDataSet()
Dim retnl As CShipOperationDataSet
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retn.monthsSinceLastDryDock = 1 ' Val(v(®))

retn.prop_rpm = workingstatusDetail.sRPM 'Val(v(1))
retn.draft_m = 1 ' Val(v(2))

retn.trim_m = @ ' Val(v(3))

retn.wind_deg = workingstatusDetail.WndDir_deg ' Val(v(4))
retn.wind_kts = workingstatusDetail.WndSpd_kts ' Val(v(5))
retn.wave_deg = workingstatusDetail.WavDir_deg ' Val(v(6))
retn.wave_m = workingstatusDetail.WavHgt m ' Val(v(7))
retn.spd_kts = workingstatusDetail.SOW ' Val(v(8))
retn.fdo_tph = 1 ' Val(v(9))

retnl = NormSet.ShipOperationData_2_NormalizeValue(retn)

Return retnl
End Function

Public Sub LoadDataFile(ByVal DatFileName As String)
Dim stRead As StreamReader = New StreamReader(DatFileName)
ReDim InputDat(10000)
Dim count As Integer = 0
Dim st As String
Dim v() As String

While Not stRead.EndOfStream
st = stRead.ReadLine()
v = Split(st, ";")

If v.Length = 10 Then
InputDat(count) = New CShipOperationDataSet(v)
count += 1
End If
End While
stRead.Close()

If count > @ Then
ReDim Preserve InputDat(count - 1)
Else
InputDat = Nothing
End If
End Sub

Public Sub AddASet(ByRef operationDat As CShipOperationDataSet, ByVval
DatFileName As String)
Dim st As String
Dim stWrite As StreamWriter = New StreamWriter(DatFileName, True)
With operationDat
st = String.Format("{0};{1};{2};{3};{4};{5};{6};{7};{8};{9}",
.monthsSinceLastDryDock, .prop_rpm, .draft_m, .trim_m, .wind_deg, .wind_kts,
.wave_deg, .wave_m, .spd_kts, .fdo_tph)
End With
stWrite.WritelLine(st)
stWrite.Close()
End Sub

Public Sub InitFromWorkingStatus(ByRef workingStatusCollect As

CShipPerformanceRecordList)
ReDim InputDat(workingStatusCollect.perf.Length - 1)
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For

Nex
End Sub

End Class

Public Clas
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public

Public
End Sub

Public
Wit

End
End Sub

Public
mon
pro
dra
tri
win
win

I As Integer = @ To workingStatusCollect.perf.Length - 1
InputDat(I) = New CShipOperationDataSet()
InputDat(I).draft_m = workingStatusCollect.perf(I).sDraft
InputDat(I).trim_m = workingStatusCollect.perf(I).sTrim
InputDat(I).prop_rpm = workingStatusCollect.perf(I).sRPM

InputDat(I).fdo_tph =1

InputDat(I).wind_deg = workingStatusCollect.perf(I).WndDir_deg
InputDat(I).wind_kts = workingStatusCollect.perf(I).WndSpd_kts
InputDat(I).wave_deg = workingStatusCollect.perf(I).WavDir_deg
InputDat(I).wave_m = workingStatusCollect.perf(I).WavHgt_m
InputDat(I).spd_kts = workingStatusCollect.perf(I).SOW

t

s CShipOperationDataSet
monthsSinceLastDryDock As Double
wind_deg As Double
wind_kts As Double
wave_deg As Double
wave_m As Double
prop_rpm As Double
draft_m As Double
trim_m As Double
spd_kts As Double
fdo_tph As Double

Sub New()

Sub CopyFrom(ByRef orgSet As CShipOperationDataSet)

h orgSet
monthsSincelLastDryDock = .monthsSincelLastDryDock
prop_rpm = .prop_rpm
draft_m = .draft_m
trim_m = .trim_m
wind_deg = .wind_deg
wind_kts = .wind_kts
wave_deg = .wave_deg
wave_m = .wave_m
spd_kts = .spd_kts
fdo_tph = .fdo_tph
With

Sub New(ByRef v() As String)

thsSincelLastDryDock = Val(v(0))
p_rpm = Val(v(1))

ft_m = Val(v(2))

m_m = Val(v(3))

d_deg = Val(v(4))

d_kts = Val(v(5))

wave_deg = Val(v(6))
wave_m = Val(v(7))

spd

_kts = val(v(8))
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fdo_tph = val(v(9))
End Sub
End Class

Public Class CNormalizeSet
Public NormMonthsSincelLastDryDock As CNormalizeValue
Public NormRPM As CNormalizeValue
Public NormSpd As CNormalizeValue
Public NormTrim As CNormalizeValue
Public NormDraft As CNormalizeValue
Public NormWindSpd As CNormalizeValue
Public NormWindDir As CNormalizeValue
Public NormWaveHgt As CNormalizeValue
Public NormWaveDir As CNormalizeValue
Public NormFuelConsum As CNormalizeValue

Public Sub New()
End Sub

Public Sub CopyFrom(ByRef org As CNormalizeSet)
With org

NormMonthsSincelLastDryDock = New
CNormalizeValue(.NormMonthsSinceLastDryDock.MinValue,
.NormMonthsSinceLastDryDock.MaxValue)

NormRPM = New CNormalizeValue(.NormRPM.MinValue, .NormRPM.MaxValue)

NormSpd = New CNormalizeValue(.NormSpd.MinValue, .NormSpd.MaxValue)

NormTrim = New CNormalizeValue(.NormTrim.MinValue, .NormTrim.MaxValue)

NormDraft = New CNormalizeValue(.NormDraft.MinValue,
.NormDraft.MaxValue)

NormWindSpd = New CNormalizeValue(.NormWindSpd.MinValue,
.NormWindSpd.MaxValue)

NormWindDir = New CNormalizeValue(.NormWindDir.MinValue,
.NormWindDir.MaxValue)

NormWaveHgt = New CNormalizeValue(.NormWaveHgt.MinValue,
.NormWaveHgt.MaxValue)

NormWaveDir = New CNormalizeValue(.NormWaveDir.MinValue,
.NormWaveDir.MaxValue)

NormFuelConsum = New CNormalizeValue(.NormFuelConsum.MinValue,
.NormFuelConsum.MaxValue)

End With
End Sub

Public Sub LoadNormDataFromFile(ByVal filename As String)
If My.Computer.FileSystem.FileExists(filename) = False Then
MsgBox("Khong tim dugc File Normalize Data")
Exit Sub
End If

Dim stRead As StreamReader = New StreamReader(filename)
Dim st As String = stRead.ReadToEnd()
stRead.Close()

Dim stdat() As String = Split(st, vbCrLf)
If IsNothing(stdat) = False Then
LoadData(stdat)

End If
End Sub
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Public Sub LoadData(ByRef st() As String)
Dim v() As String

For I As Integer = © To st.Length - 1
v = Split(st(I), ";")

If v.Length = 3 Then

If String.Compare(v(@), "RPM", True) = @ Then
NormRPM = New CNormalizeValue(Val(v(1)), Val(v(2)))

ElseIf String.Compare(v(@), "MonthsSincelLastDryDock", True) = @ Then
NormMonthsSincelLastDryDock = New CNormalizeValue(Val(v(1)),

Val(v(2)))

ElseIf String.Compare(v(@), "Trim_m", True) = @ Then
NormTrim = New CNormalizeValue(Val(v(1l)), Val(v(2)))

ElseIf String.Compare(v(@), "Draft_m", True) = @ Then
NormDraft = New CNormalizeValue(Val(v(1l)), Val(v(2)))

ElseIf String.Compare(v(@), "WindDir_deg", True) = @ Then
NormWindDir = New CNormalizeValue(Val(v(1l)), Val(v(2)))

ElseIf String.Compare(v(@), "WindSpd_kts", True) = @ Then
NormWindSpd = New CNormalizeValue(Val(v(1l)), Val(v(2)))

ElseIf String.Compare(v(@), "WaveHgt_m", True) = @ Then
NormWaveHgt = New CNormalizeValue(Val(v(1l)), Val(v(2)))

ElseIf String.Compare(v(®), "WaveDir_deg", True) = @ Then
NormWaveDir = New CNormalizeValue(Val(v(1l)), Val(v(2)))

ElseIf String.Compare(v(®), "Spd_kts", True) = @ Then
NormSpd = New CNormalizeValue(Val(v(1)), Val(v(2)))

ElseIf String.Compare(v(@), "FuelConsume_tph", True) = @ Then
NormFuelConsum = New CNormalizeValue(Val(v(1l)), Val(v(2)))

End If

End If
Next
End Sub

Public Function CalculateNormalizeValue(ByVal inputVal As Double, ByRef
NormValue As CNormalizeValue) As Double
If inputVal < NormValue.MinValue Then Return @
If inputVal > NormValue.MaxValue Then Return 1

Dim retn As Double = (inputVal - NormValue.MinValue) / (NormValue.MaxValue -
NormValue.MinValue)
Return retn
End Function

Public Function CalculateValue(ByVal outputVal As Double, ByRef NormValue As
CNormalizeValue) As Double
Dim retn As Double = NormValue.MinValue + outputVal * (NormValue.MaxValue -
NormValue.MinValue)
Return retn
End Function

Public Function ShipOperationData_2_NormalizeValue(ByRef operationDat As
CShipOperationDataSet) As CShipOperationDataSet
Dim retn As CShipOperationDataSet = New CShipOperationDataSet()
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retn.monthsSincelLastDryDock =
CalculateNormalizeValue(operationDat.monthsSincelLastDryDock,
NormMonthsSincelLastDryDock)
retn.trim_m = CalculateNormalizeValue(operationDat.trim_m, NormTrim)
retn.draft_m = CalculateNormalizeValue(operationDat.draft_m, NormDraft)
retn.prop_rpm = CalculateNormalizeValue(operationDat.prop_rpm, NormRPM)
retn.wind_deg = CalculateNormalizeValue(operationDat.wind_deg, NormWindDir)
retn.wind_kts = CalculateNormalizeValue(operationDat.wind_kts, NormWindSpd)
retn.wave_m = CalculateNormalizeValue(operationDat.wave_m, NormWaveHgt)
retn.wave_deg = CalculateNormalizeValue(operationDat.wave_deg, NormWaveDir)
retn.spd_kts = CalculateNormalizeValue(operationDat.spd_kts, NormSpd)
retn.fdo_tph = CalculateNormalizeValue(operationDat.fdo_tph, NormFuelConsum)
Return retn
End Function

Public Function NormalizedOutput_2_ShipSpd(ByRef normalizedSpd As Double) As
Double()
Dim retn(1) As Double
retn(@) = CalculateValue(normalizedSpd, NormSpd)
Return retn
End Function

Public Function NormalizedOutput_2_ ShipSpdAndFuelcomsume(ByRef normalizedSpd As
Double, ByRef normalizedFuelComsume As Double) As Double()
Dim retn(1) As Double
retn(@) = CalculateValue(normalizedSpd, NormSpd)
retn(l) = CalculateValue(normalizedFuelComsume, NormFuelConsum)
Return retn
End Function

End Class

Public Class NeuralNet
Shared r As New Random

Public Class Dendrite
Dim _weight As Double

Property Weight As Double
Get
Return _weight
End Get
Set(ByVal value As Double)
_weight = value
End Set
End Property

Public Sub New()
Me.Weight = r.NextDouble()
End Sub
End Class

Public Class Neuron
Dim _dendrites As New List(Of Dendrite)
Dim _dendriteCount As Integer
Dim _bias As Double
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Dim _value As Double
Dim _delta As Double

Public Property Dendrites As List(Of Dendrite)
Get
Return _dendrites
End Get
Set(ByVal value As List(Of Dendrite))
_dendrites = value
End Set
End Property

Public Property Bias As Double
Get
Return _bias
End Get
Set(ByVal value As Double)
_bias = value
End Set
End Property

Public Property Value As Double
Get
Return _value
End Get
Set(ByVal value As Double)
_value = value
End Set
End Property

Public Property Delta As Double
Get
Return _delta
End Get
Set(ByVal value As Double)
_delta = value
End Set
End Property

Public ReadOnly Property DendriteCount As Integer
Get
Return _dendrites.Count
End Get
End Property

Public Sub New()
Me.Bias = r.NextDouble()
End Sub
End Class

Public Class Layer
Dim _neurons As New List(Of Neuron)
Dim _neuronCount As Integer

Public Property Neurons As List(Of Neuron)
Get
Return _neurons
End Get
Set(ByVal value As List(Of Neuron))
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_neurons = value
End Set
End Property

Public ReadOnly Property NeuronCount As Integer
Get
Return _neurons.Count
End Get
End Property

Public Sub New(ByVal neuronNum As Integer)
_neuronCount = neuronNum
End Sub
End Class

Public Class NeuralNetwork
Dim _layers As New List(Of Layer)
Dim _learningRate As Double

Public Property Layers As List(Of Layer)
Get
Return _layers
End Get
Set(ByVal value As List(Of Layer))
_layers = value
End Set
End Property

Public Property LearningRate As Double
Get
Return _learningRate
End Get
Set(ByVal value As Double)
_learningRate = value
End Set
End Property

Public ReadOnly Property LayerCount As Integer
Get
Return _layers.Count
End Get
End Property

Sub New(ByVal LearningRate As Double, ByVal nLayers As List(Of Integer))
If nLayers.Count < 2 Then Exit Sub

Me.LearningRate = LearningRate
For ii As Integer = @ To nLayers.Count - 1

Dim 1 As Layer = New Layer(nLayers(ii) - 1)
Me.Layers.Add(1)

For jj As Integer = © To nLayers(ii) - 1
1.Neurons.Add(New Neuron())
Next

For Each n As Neuron In 1l.Neurons
If ii = @ Then n.Bias = ©
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If ii > @ Then
For k As Integer = © To nLayers(ii - 1) - 1
n.Dendrites.Add(New Dendrite)
Next
End If

Next

Next
End Sub

Function Execute(ByVal inputs As List(Of Double)) As List(Of Double)
If inputs.Count <> Me.Layers(®).NeuronCount Then
Return Nothing
End If

For ii As Integer = @ To Me.lLayerCount - 1
Dim curLayer As Layer = Me.Layers(ii)

For jj As Integer = © To curlLayer.NeuronCount - 1
Dim curNeuron As Neuron = curLayer.Neurons(jj)

If ii = @ Then
curNeuron.Value = inputs(jj)
Else
curNeuron.Value = 0
For k = @ To Me.Layers(ii - 1).NeuronCount - 1
curNeuron.Value = curNeuron.Value + Me.lLayers(ii -
1).Neurons(k).Value * curNeuron.Dendrites(k).Weight
Next k

curNeuron.Value = TransferFunction(curNeuron.Value +
curNeuron.Bias)
End If

Next
Next

Dim outputs As New List(Of Double)

Dim la As Layer = Me.Layers(Me.LayerCount - 1)

For ii As Integer = @ To la.NeuronCount - 1
outputs.Add(la.Neurons(ii).Value)

Next

Return outputs
End Function

Private Function TransferFunction(ByVal Value As Double) As Double
Return mySigmoid(Value)
End Function

Private Function myLinear(ByVal Value As Double) As Double
Return Value
End Function
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Private Function mySigmoid(ByVal Value As Double) As Double
Return 1 / (1 + Math.Exp(Value * -1))
End Function

Public Overrides Function ToString() As String
Dim nstr As New StringBuilder()

For Each 1 As Layer In Me.Llayers
nstr.AppendLine("--+-- Layer")
nstr.AppendLine(" | Neurons: " & 1l.NeuronCount)

For Each n As Neuron In 1.Neurons

nstr.AppendLine("
nstr.AppendLine("

| --+-- Neuron")

|
nstr.AppendLine(" |

|

|

-+
| Bias: " & n.Bias)
| Delta: " & n.Delta)
|  value: " & n.Value)
| Dendrites: " & n.DendriteCount)

nstr.AppendLine("
nstr.AppendLine("

For Each d As Dendrite In n.Dendrites

nstr.AppendLine(" | |--+-- Dendrite")
nstr.AppendLine(" | | | Weight: " & d.Weight)
Next
Next
Next
nstr.Append("====== EONN ======")

Return nstr.ToString
End Function

Public Function Train(ByVal inputs As List(Of Double), ByVal outputs As
List(Of Double)) As Boolean
If inputs.Count <> Me.lLayers(®).NeuronCount Or outputs.Count <>
Me.Layers(Me.LayerCount - 1).NeuronCount Then
Return False
End If

Execute(inputs)

For ii = @ To Me.Layers(Me.LayerCount - 1).NeuronCount - 1
Dim curNeuron As Neuron = Me.Layers(Me.LayerCount - 1).Neurons(ii)

curNeuron.Delta = curNeuron.Value * (1 - curNeuron.Value) *
(outputs(ii) - curNeuron.Value)

For jj = Me.LayerCount - 2 To 1 Step -1
For kk = @ To Me.Layers(jj).NeuronCount - 1
Dim iNeuron As Neuron = Me.Layers(3jj).Neurons(kk)

iNeuron.Delta = iNeuron.Value *
(1 - iNeuron.Value) * Me.Layers(jj +
1) .Neurons(ii).Dendrites(kk).Weight *
Me.Layers(jj + 1).Neurons(ii).Delta
Next kk
Next jj
Next ii

219



For ii = Me.LayerCount - 1 To © Step -1
For jj = @ To Me.Layers(ii).NeuronCount - 1
Dim iNeuron As Neuron = Me.Layers(ii).Neurons(jj)
iNeuron.Bias = iNeuron.Bias + (Me.LearningRate * iNeuron.Delta)

For kk = @ To iNeuron.DendriteCount - 1
iNeuron.Dendrites(kk).Weight = iNeuron.Dendrites(kk).Weight
+ (Me.LearningRate * Me.lLayers(ii - 1).Neurons(kk).Value * iNeuron.Delta)
Next kk
Next jj
Next ii

Return True
End Function

Public Function LoadNetWorkParameter(ByVal params As String) As Boolean
Dim v() As String = Split(params, ";")
Dim idx As Integer = 0@

Try
For I As Integer = O To Me.lLayerCount - 1
For J As Integer = @ To Me.Layers(I).NeuronCount - 1
Me.Layers(I).Neurons(J).Bias = Val(v(idx))
idx += 1

For K As Integer = 0 To
Me.Layers(I).Neurons(J).DendriteCount - 1
Me.Layers(I).Neurons(J).Dendrites(K).Weight =
Val(v(idx))
idx += 1
Next
Next
Next

Catch ex As Exception
Return False
End Try

Return True
End Function

Publlc Function LoadNetWorkParameter(ByVal filename As String) As Boolean
Dim stRead As StreamReader = New StreamReader(filename)
Dim st As String
Dim v() As String

' st = stRead.ReadlLine()
' v = Split(st, ";")
If Me.LayerCount <> v.Length Then
MsgBox("Cau truc mang Neural khong ding")
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stRead.Close()
Return False
End If

For I As Integer = © To Me.lLayerCount - 1
If Val(v(I)) <> Me.Layers(I).NeuronCount Then
MsgBox("Cau truc mang Neural khoéng ding")
stRead.Close()
Return False
End If
Next

sua cho nay, ghi moi cai 1 dong cho cac huong gio tuong doi
tén file bao gom rpm, draft, trim
For I As Integer = 0 To Me.lLayerCount - 1
For J As Integer = @ To Me.Layers(I).NeuronCount - 1
st = stRead.ReadlLine()
v = Split(st, ";")
Me.Layers(I).Neurons(J).Bias = Val(v(®0))

For K As Integer = @ To Me.Layers(I).Neurons(J).DendriteCount -

1
' Me.Layers(I).Neurons(J).Dendrites(K).Weight = Val(v(K + 1))
' Next
' Next
! Next
' stRead.Close()
! Return True
'End Function
Public Sub InitializeNetworkRandomly()
For I As Integer = @ To Me.lLayerCount - 1
For J As Integer = @ To Me.Layers(I).NeuronCount - 1
Me.Layers(I).Neurons(J).Bias = Rnd()
For K As Integer = @ To Me.Layers(I).Neurons(J).DendriteCount -
1
Me.Layers(I).Neurons(3J).Dendrites(K).Weight = Rnd()
Next
Next
Next
End Sub

Public Sub Draw(ByVal hDC As Graphics, ByVal startX As Integer, ByVal startY
As Integer, ByVal scale As Integer, ByVal hspace As Integer, ByVal vspace As
Integer, ByVal iColor As Color, ByVal hColor As Color, ByVal oColor As Color)

Dim i As Integer
Dim k As Integer
Dim j As Integer

Dim x As Integer
Dim y As Integer

hDC.Clear(Color.White)
For i = @ To Me.LayerCount - 1
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x
1]

startX - hspace * (Me.Layers(i).NeuronCount / 2)
= startY - (vspace * i)

<
1

For k = @ To Me.Layers(i).NeuronCount - 1
Dim b As SolidBrush
Dim p As Pen
Select Case i
Case ©
b = New SolidBrush(iColor)
p = New Pen(iColor)
hDC.DrawEllipse(p, X, y, scale, scale)
hDC.FillEllipse(b, x, y, scale, scale)
Case Me.LayerCount - 1
b = New SolidBrush(oColor)
p = New Pen(oColor)
hDC.DrawEllipse(p, X, y, scale, scale)
hDC.FillEllipse(b, x, y, scale, scale)
Case Else
b = New SolidBrush(hColor)
p = New Pen(hColor)
hDC.DrawEllipse(p, x, y, scale, scale)
hDC.FillEllipse(b, x, y, scale, scale)
End Select
b.Dispose()
p.Dispose()

If i > @ Then
Dim denX1l As Integer = x + (scale / 2)
Dim denY1l As Integer =y + scale
Dim denX2 As Integer = (startX - hspace * (Me.Layers(i -
1) .NeuronCount / 2)) + (scale / 2)
Dim denY2 As Integer = y + vspace
For j = @ To Me.Layers(i).Neurons(k).DendriteCount - 1
hDC.DrawLine(Pens.Black, denXl, denYl, denX2, denY2)
denX2 = denX2 + hspace
Next
End If
X = X + hspace

Next
Next
End Sub
End Class
End Class

Public Class CANNCalculate
End Class
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