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Tém tit

Mé phong chat long la mét nhiém vu khé khan va
phike tap trong @6 hoa mdy tinh. Pdc biét khi ¢é
sw 6 tran dau trén bién, mang dau lién tuc thay
doéi vi tri va tinh chér dwdi tdc dong cua moi
trwong. Trong bai bao nay tic gia sw dung mo
hinh lan rong va tréi dat dwa trén cdc cong thurc
thiee nghiém d@é xdy dung mé hinh todn hoc chuyén
déng ciia mang dau trén bién. O giai doan tiép
theo, mang dau phdn thanh cac hat chdt long diwa
trén thudt toan phan chia diém Poisson dwoc ldp
trinh song song da luong trén GPU dé tang téc do
va dam bao thoi gian thuc. Dady la mot ung dung
hodn toan méi cua thudt todn phdn chia diém
Poisson cho mé phong mang dau trén bién. Qud
trinh phan tach dwoc thuc hién dudi tac dong cua
séng, gio va dong chay bang phan mém Unity véi
ngoén ngit lp trinh C#, dong thoi mé phong mét
cdch sinh dong va chan thiee mang dau twong tac
Véi cdc ddo nho. Két qud ciia nghién civu cé thé
dwoc s dung dé dy doan huwong dau tran, tir d6
dwa ra giai phdap g phé va giam thiéu thiét hai
do tran dau trén bién.

Tir khéa: M6 phong chat long, Unity, thugt todn
phan chia diém Poisson.

Abstract

One of the most challenges in computer graphic is
fluid simulation. Especially, when simulate oil
spill at sea, because oil continuous changes its
position and characteristic under the effect of
environment. The authors wused empirical
formulas to construct the mathematical model of
spread and drift model of the oil film at sea. In the
next stage, we divided the oil film into thousands
of particles by Poisson distribution algorithm
which is parallel implemented in GPU and satisfy
the real-time factor. This is the novelty of our

research in the field of oil spill simulation. We

simulate the dispersion process and oil particles

collide with island in vividly and realistically way
by Unity with C# language. Our program can be
used to predict the direction, respond and
minimize damage caused by oil spills at sea.

Keywords: Fluid simulation, Unity, Poisson
distribution algorithm.

1. Gioi thiéu

Téc hai cia mot vu tran dau dbi véi moi truong 1a
vO cung 16n, anh hudng t6i cac loai sinh vat, du lich,
nudi trong thily hai san,... Khic phuc hau qua tran dau
cling rat ton kém. Dé giam thiéu chi phi va ngan ngira
thiét hai, phuong an xay dung chuong trinh moé phong
dé huan luyén cac tinh hudng gia dinh nhim nang cao
kha ning mg pho khi c6 sy ¢b tran dau that xay ra
cling rat hiéu qua. Tuy nhién dé moé phong chan thyc
va sinh dong cac dac tinh cia dau - mot dang cua chét
Iwu 1a mot van dé rat kho khin va phuc tap trong linh
vire d6 hoa méy tinh. Cang mo phong chi tiét cac dic
tinh thi kh6i lugng tinh toan tang 1én, yéu cau cdu hinh
phﬁn cuing cao, lam cham tdc do cua chuwong trinh, va
nguoc lai.

V& co ban, c6 hai phuong phap dé mé hinh hoa vét
dau loang: Phuong phap Eulerian va phuong phap
Lagrangian. Phuong phap Eulerian dua trén céc
phuong trinh bao toan khéi lrong va dong lugng, hoac
phuong trinh ddi luu - khuéch tan, trong do phan
khuéch tan biéu thi su lan truyén cia dau va ddi luu
biéu thi cho sy dich chuyén theo dong chay va gio.
Trong phuong phap Lagrangian, mang dau duoc dic
trung boi sy két dinh cua nhiéu hat chuyén dong dua
trén cac yéu t6 hai duong hoc. Phan 16n cac mé hinh
tran dau hién nay déu sir dung phuong phap
Lagrangian vi da dugc chimg minh 1a phu hop dé mé
phéng cac tinh huéng thue té, don gian, hiéu qua va
can it dir liéu tinh toan hon so v6i mo hinh Eulerian.

Di co rat nhiéu nghién ciru mo phong tran dau
trong nudc va trén thé giéi. Tran Anh TG [1] sir dung
mo hinh DELFT 3D dé mé phong su ¢d tran dau tai
dao Con Co, day 1a mé hinh da dwoc xay dyng sin nén
ngudi st dung s& phai cai dat cac thong sé dau vao
nhu dir liéu dia hinh, myuc nudc va gié. Nguyén Hitu
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Nhén [2] trong nghién ctru ciia minh dd xay dung
dugc chwong trinh du béo tran dau OILSAS cho khu
vuc Van Phong - Khanh Hoa, day khong phai 1a phan
mém thuong mai hoa, tuy nhién ciing chi ding lai &
ché d6 2D va lay dir liéu GIS. V& Vian Anh Pha [3] da
tich hgp mo hinh lan truyén dau vao ban dd s6 3D cho
khu vuc ban dao Ca Mau, tuy nhién day la mo hinh
mot chidu va ban db dugc xay dung khong chi tiét nén
chua thanh cong trong thé hién dia hinh cac nhanh
song & khu vyre nghién ctru. Trén thé gidi da c6 nhimg
mé hinh du béo tran dau 2D va 3D nhu OILMAP,
MIKE 21, GULKSLIK, OSCAR hay cac mé hinh
PISCES I, 11, ITI cia TRANSAS [4]. Pay 1a nhitng m6
hinh c¢6 thiét ké giao dién dep nhung lai 1 cac phan
mém thuong mai, ngudi st dung phai tra mot chi phi
16n dé mua, ban d6 dia hinh va hai 46 duoc xay dung
boi nudc ngoai nén khé dat duge d6 chinh xac cao khi
ap dung dy bao tran dau trong nudc. Ngoai ra, nguoi
sir dung ciing kho c6 thé can thiép vao cic chuong
trinh tinh toan cta hé thdng. Trong nghién ctru nay,
tac gia s& xdy dung mo hinh mé phong vét dau loang
trén bién dudi dang 3D bang phan mém Unity. M
hinh cho phép hinh dung sy ¢ tran dau trong moi
truong 3D rat séng dong va chan thuc, hon nita tac gia
cling 4p dung thuat toan phan chia diém Poisson vao
mo phong hat dau va qué trinh phéan tach cia mang
dau trén bién, day la mot tng dung mdi trong md
phong tran dau trong nude va trén thé gisi hién nay.

2. Qua trinh lan truyén co hgoc ciia mang dau

Trong md hinh, tic gia coi mang dau 1a tap hop roi
rac cua cac hat ddu. Cac hat nay c6 kha ning tuong
tac 1an nhau va c6 nhirng dic tinh vat ly riéng nhu do
nhét, trong luc, luc ma sat gitra cac hat va nuée bién.

2.1. M6 hinh toan hoc quad trinh gian no

Sau khi tran ra bién, qua trinh gidn nd vé mat thé
tich va dién tich s& dién ra diu tién. Bang nhiéu thir
nghiém thuc t& va trong phong thi nghiém, Lehr [5]
dd chimg minh dugc rang hinh dang mang dau gan
gidng véi hinh Elip v6i truc chinh c6 xu hudng theo
hudng gi6. Gia stir cac hat khong tuong tac véi nhau
khi khoang cach 16n hon 7y, trong do ry 1a kich thudc
hat dic trung ty 18 v6i+fS . Khi d6 luc tuong tac giita
cac hat v&i nhau dugc xac dinh boi cong thire sau:

|nt gl(K K r0 ( J ; (1)
7l |7l

Trong do: |F| la khoang cach tam hai hat, K; (j =
1..n) va g (k= 1,2,3) 1a cac h¢ s6 va ham twong tng.

Khi di chuyén, cac hat con chiu lyc ma sat vdi
nude bién duoc tinh béi cong thirc sau:
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FC = _g2(K3’ K m )mp spread 2
trong 46, my, la khdi luong hat, Vipreaa 12 tdc do gian nd.
Ap dung dinh luat 2 Newton dé xac dinh téc do
gidn nd ctia mang dau nhu sau:

d _. Nint
mp d spread = Z int (3)
=1

Trong d6: Ni 14 s6 luong hat dau mo phong.

Theo Lehr [5], dién tich giin nd ctia mang dau A
theo thoi gian dugc tinh bdi cong thirc:

A=(7/4)QR )

Dua vao céc cong thuc thuc nghiém, Lehr da tinh
duogc gia tri cua ban tryc chinh va ban truc phu cua
Elip. Khi d6 (4) duoc viét lai nhu sau:

2 1
A= 2270{A—”T Vi +40{£Tv§w§t ®)
Po Po

3
Ay =10°V ¢ (6)
v6i, A 1a dién tich mang dau; A,.. 1a dién tich tdi
da; ¥ 1a thé tich dau tran; W 1a toc do gio; ¢ 1a thoi
gian; py 1a khéi lugng riéng ciia dau; Ap 1a bién thién
khéi lugng riéng dau-nuée; O 1a ban truc phuy; R 1a ban
truc chinh.

2.2. M6 hinh todn hoc qua trinh tréi dat

Ngoai qué trinh ty gidn nd, khi dau tran ra bién con
xay ra qua trinh troi dat. Bang cac nghién ciru thuc
nghiém M.Fingas [6] d4 ching minh dugc riang, ddi
véi cac vu tran dau ¢ khu vuc ven bo véi toe do gio
khong qua 10 km/h thi tdc dong ctia gi6 va dong chay
1an lugt khoang 3 % va 100 % t&i van tdc troi dat cua
mang dau. Do vdy qua trinh di chuyén cua mang dau
1a hoan toan ngau nhién. Liic nay sy dich chuyén cua
mang dau duoc tinh toan dya trén phuong trinh di
chuyén ngiu nhién cuia cac hat dau. Tdc do di chuyén
cta hat dau thu i bat ky dugc xac dinh bai dao ham
cua tryc X theo thoi gian ¢:

% =Vaeire (X, Y5, 1) + Ve (X, Y5, 1) ™

Vi, Xi(x;,y:) 1a vi tri cta hat tht i; Vg 1a toe do
phan tan; ¢ 1a thoi gian (s).

Vi (6, Yi) =@M, (6 y) +aVe (. y) - (8)
v6i, V, 12 tbe do gio tai 10m trén mit nude bién;
V. 1a tbe d6 dong chay; a,, = 0.03 12 hé s6 gi6; a.= 1.0
1a h¢ s6 dong chay.
dn‘f (XI ! yl) Vdrlft Rnelan i (9)
v6i, R, [-1,1] 1a s6 ngdu nhién dugc phan phdi trong
doan tir -1 d&én 1; @, [0, 7) 1a goc léch; Vairi1a van toc dat.
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3. Ung dung thuit toin phan chia diém
Poisson vao md phong chuyén dong vét dau
loang trén bién
3.1. Thudt todn phin chia diém Poisson

Dinh nghia vé thuat toan phan chia diém Poisson
lan dau tién dugc gioi thidu boi nha thong ké hoc
ngudi Thuy Dién Bertil Matern [7] vao nam 1960 dé
thuc hién phéan bd cay trong rimg. Trong linh vuc dd
hoa may tinh, Dippe va Wold [8] da ap dung thuat toan
dé khic phuc hién twong rang cua trén anh, khi d6 no
co tén goi khac 1a thuat toan Dart-throwing. Thuét
toan nay phan chia cac diém ngau nhién trén vat thé
2D hoic 3D, tuy nhién nhuoc diém I khong kiém soat
dugc khoang cach t6i thiéu giita cac hat va s& co cac
hat bi chéng l4n 1én nhau.

-‘l

o

Hinh 1. Nguyén Iy phin chia diém Poisson

Ung dung cua thuét toan phan chia diém Poisson
trong dd hoa may tinh rat quan trong, dac biét la dé
két xuét hinh anh, tao hinh va xir Iy hinh hoc cho d6i
tuong. Nguyén tic hoat dong cua thuit toan nhu sau:
Thuét toan sé& tao ra mot tp hop diém phan bd ngu
nhién trong khong gian n chidu, chia khong gian n
chiéu thanh cac 6 vudng ddi véi 2D hodc khdi 1ap
phuong d6i véi 3D. Pdng thoi thuat toan s& khng ché
khoang cach giita hai diém bét ky khong nho hon mot
khoang cach r cho trudc. bé 1am dugc diéu nay, thuét
toan s& tao ngau nhién mot diém, sau d6 tao ra k diém
xung quanh nd, 1an luot kiém tra xem trong s6 & diém
nay théa man diéu kién khoang cach » noi trén thi s&
duoc hién thi, thuat toan sé tiép tuc ddi voi cac diém
dugc hién thi tiép theo, mdi mot cell chi c6 thé chira
duy nhit mot diém. Nhu vay, trong khong gian 2 chiéu
¢6 thé thiy thuét toan sé tao ra 2 vong tron ¢ ban kinh
tuong ng v6i khoang cach téi thiéu va tbi da gitra hai
diém bét ky, con trong khong gian 3 chiéu 1a hai hinh
clu tuong Gmg. Uu diém cua phuong phap 14 tao ra
phan bd ngiu nhién cac diém trong khong gian va
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cach nhau mdt khoang r cho trudc. Trong Hinh 1,
diém mau do khong duoc hién thi, diém mau den dugc
hién thi, khoang cach tbi thiéu r, toi da 2r, kich thudc
cell1a r/v/n.

Dé c6 thé hiéu rd hon nguyén 1y xdy dung thuat
toan nhu Hinh 2, tac gia da xdy dung so d6 thuat toan
tao diém trong khong gian # chiéu, nhu Hinh 1 va s6
diém g vién ti da 1a k = 30.

Bt dau
|

' v
Khoi tao KG n-chiéu, mang active Chia khéng gian thanh cac cell
list, index cho cac cell, r, 2r, k, d | 6 kich thude r/+n

[ ]

<_Index #0
~
k=30 |
¥

r<ds2r —»‘“' Xda diém

0ing

Thém diém vao active list va hién
thj trén man hinh

v
Khdi tao diém (ng vién tiép theo, tinh
khoang cach d; tdi cac diém trong active list

i=i+1
e—

37 _bins | Thém diém vao active list__|
E“‘ ' va hién thj trén man hinh
i=i+l

Xda diém
2

Két thic

Hinh 2. So dé thudt todn phén chia diém Poisson
3.2. Ung dung vao mo hinh vét dau loang trén bién

Téac gia ap dung phuong phap thuc nghiém cia
Lehr dé u6c tinh gan dang hinh dang ban dau cua
mang dau. Trong giai doan vai gid ddu tién, mang dau
gidin né theo hinh Elip, va dat dén dién tich t6i da A,
nhu trong phuong trinh (6). Dudi tac dung cua stic
cang bé mit, song, gi6, dong, vét dau bi phén tach
thanh nhiéu phan nho mot cach ngiu nhién. Bé mo
phong qua trinh nay, tac gia da ap dung thudt toan
phan chia diém Poisson khi mang dau dat dién tich tdi
da thanh hang nghin hat dau c6 kich thuéc khac nhau.
Trong Hinh 3, gia sir dat mang dau trong hé toa do
Oxyz, trong d6 mit phing Oxz 1a mit phing chta
mang déu, truc y biéu thi chiéu cao cua song bién. Mot
diém chi duoc hién thi trén man hinh khi n6 nim bén
trong hodc trén bién cuia hinh Elip, nhimg diém khong
thudc diéu kién nay thi s€ khong duogc hién thi. Hinh
4 1a minh hoa qua trinh ap dung 1ap trinh tudn tu trén
CPU v6i 50 nghin hat dau. Sir dung bat phuong trinh
sau dé kiém tra diéu kién bién:

(xlfa/3)2+(z,fb/22)2£1 (10)
(al2) (b/2)
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vOi, x;, z; 1a toa d6 cua hat thir i, a/2 va b/2 1a ban
truc chinh va ban truc phu cua Elip.

z
b

<

O(0.0.0) % a X

Hinh 3. Mién phén chia diém trong hé toa dp Oxz

Hinh 4. Mién phén chia 50 nghin hat

Tuy nhién khi s6 diém tang 1én s& anh huong kha
16n t6i tdc d¢ cua chwong trinh vi cac phép tinh toan
tang 1én. Dé khic phuc diéu nay, tac gia da s dung
phuong phap lap trinh song song chay da ludng trén
GPU v6i sb hat dau trén 500 nghin hat nhdm ting toc
d¢ tinh toan cua chuong trinh. Phuong phap nay duoc
thyc hién nhu sau:

Goi M 14 bé mit can sinh diém trong tap R”, va r
1a ban kinh dia Poisson.

Budc 1: Tao mot tap diém Ptrén M va gan cho mdi
diém mot trang thai IDLE - chua dugc xt 1y.

Budc 2: Mbi mét 1u6ng s€ tu dong nhat mot diém
pi tlr tap 7 (p; O trang thai IDLE), dat cho n6 mdt tri $6
vu tién duy nhit va cap nhat trang thai cho diém p; 1a
ACTIVE - di dugc xir Iy boi mot ludng (thread) trong
mot khdi twong tng (block). Sau d6 ludng nay sé& tinh
toan khoang cach tir tim diém p; vi ban kinh 27 va
dua nhitng diém c6 trang thai ACTIVE va IDLE vio
trong dia.

Budc 3: Néu co6 sy xung dot gitra cac diém
ACTIVE thi diém nao c6 gia tri wu tién thip hon s& bi
loai bo.

Budc 4: Piém ACTIVE thoéa man diéu kién d > 2r
s& duoc giir lai va hién thi trén man hinh, nguoc lai
nhing diém c6 d < 2r s& bi x6a. Quay trd lai budc 2
cho t6i khi khong con diém IDLE nao c6 thé tim thay
trong tap Z nita.

Nhu vay viéce vé cac diém s& duoc thuc hién déng
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thoi trén nhiéu ludng khac nhau, do d6 s& tang toc do
tinh toan cia churong trinh ma van thoa méan sé lugng
1én t6i hang trim nghin diém va dam bao yéu t thoi
gian thyc (real-time). Hinh 5 thé hién nguyén 1y cua
thuét toan song song cho mot ludng (thread). Chon
ngau nhién mot diém S; hién thi trén man hinh, thuat
toan ngay 1ap tirc kiém tra diéu kién nhitng diém nim
ngoai pham vi ban kinh 2 s€ dugc hién thi (mau xanh),
nhitng diém nam trong pham vi 27 s& bi x6a (mau
vang). Cong viéc ndy ciing dién ra tuong tu trén cac
ludng khéc.

Hinh 5. Phéin chia diém da luéng trén GPU

4. Thue hién md phong vét dau loang trén bién

Chuong trinh mé phong vét ddu loang trén bién
duogc thyc hién trén may tinh cé c4u hinh nhu sau:

o Chipset: Intel(R) Core(TM) i7-7700HQ CPU @

2.80GHz;

e Card dd hoa: NVIDIA GTX 1050Ti;

e B6 nhd RAM: DDR4 16GB;

e CPU: 4 nhan, 8 ludng.

Pé thyc hién md phong 3D vét dau trong moi
truong song bién, tac gia da sir dung phan mém Unity
voi ngdén ngir 18p trinh C# trong Microsoft Visual
Studio 2015 dé dung canh va viét code cho duy an. Céc
thong s ciia ddu va méi trudng nhu sau:

e Luong dau tran: 1500 m?;

e Khoi lwong riéng cua dau: py = 890kg/m’;

 Khdi lwong riéng nuée bién: p,, = 1023kg/m?;

e Van toc gio & do cao 10m so v6i mat nudc bién:

W1o = O.Sm/s.

O giai doan dau, mang dau phat trién theo dang hinh
Elip nhu gia thuyét cua Lehr, khi dat dén dién tich tdi
da thi ap dung thuét toan song song chia diém Poisson
dé phan mang dau thanh 500.000 hat dau c6 kich thude
khéac nhau. Chuong trinh s€ mé phéng 2 trudong hop:
Mang dau troi dat trén bién va va cham v6i mot dao
nho, sau d6 phan tach ngiu nhién dudi tac dong cia
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b)

Hinh 6. Vét ddu twong tic véi chwéng ngai vit

song, gid va cac yéu td méi truong (Hinh 6a, 6b); hodc
12 mang dau tu do gidn nd va phén tach ngiu nhién duéi
tac dong ciia séng, gié va cac yéu to méi truong (Hinh
7a,7b). Nhin vao Hinh 6 c6 thé thay, khi mang dau gap
céc dao nho thi n6 ¢6 xu hudng dich chuyén theo dudng
b bién va phu thude vao cac dong chay rbi ven bo. Khi
mang dau di chuyén tu do khong c6 tac dong cua vét
can (Hinh 7), qua trinh phén tach thanh cic phan nho
s& dién ra lau hon va hinh dang cia mang dau dan s&
phan bd theo cic rinh séng (windrow) nhu trong
nghién ctru cua Lehr [9] vao nam 2017.

Hién nay, nghién ctru mé phong 3D tran du van
con mot s han ché. Zou [10] da sir dung phwong phap
két xuat hinh anh (RTT) d¢é mo phong 3D vét dau
loang trén bién, tuy nhién hinh dnh vét dau khong thé
hién duoc sy phan tich mang dau thanh cac phan nho
hon nhu trong mo hinh cua tac gia, xem Hinh 8. Ren
[11] ciing phat trién mé hinh 3D tran dau dya trén mo
hinh hat, tuy nhién s6 luwong hat nhé va coi kich thude
cac hat hinh try 1 nhu nhau trong mét phan bd déu,
khong tinh dén tac dong cua gid, dong, do d6 mé hinh
¢6 d6 chinh xac khong cao va mang dau chi don gian
la sy m& rong dién tich cta hinh tron. Cong ty Transas
[4] ciing rat thanh cong trong cac md phong huin
luyén budng lai véi rat nhiéu bai tap tinh hudng khac
nhau, tuy nhién trong mé phong tng ctru sy ¢d tran
dau ho chi ap dung phuong phap dan hinh anh vét dau
1én bé mit bién, sau d6 sir dung Shader dé tao cac hiéu
{mg mau sédc va twong phan cho hinh anh dau, vi thé
ciing khong dap img duoc yéu cau mod phong sy phan
tach ctia mang dau thanh cac phan nho hon nhu trong
nghién clru nay.
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Hinh 7. Vét ddu khéong twong tdc véi chwong ngai vit

Hinh 8. M6 phéng vét dau loang ciia Zou

5. Két luan

Bai bao da gidi thiéu phuong phap hoan toan maéi
trong viéc mé phong tran diu trén bién bang thuét toan
phan chia diém Poisson dugc 1ap trinh song song da
ludng trén GPU dé ting tdc do va dam bao thoi gian
thuc. Téac gia da thyc hién mo phong chuyén dong ciia
mang dau bang phin mém Unity véi cac tinh hudng
mang dau tuong tac voi dao nho va di chuyén tu do
trong moi truong song bién. Két qua cua bai bao co
thé dugc st dung dé tham khao cho cac mé hinh ung
pho sy ¢b tran dau trén bién.

Tuy nhién mo6 hinh hién tai chi 1a tap hop cac hat
dau nén chua dap tmg dugc hinh dung ciia chét long.
Céc nghién ciru tiép theo tac gia s& gidi thigu thuat
toan Marching Cube dé tai tao bé mat ludi cho céc
ving hat c6 cung d6 siu va két xuat bé mat chat 1ong.
Thuét toan c6 wu diém 1 don gian va c6 thé mo phong
vét dau loang trén mot khong gian rong 16n ma khong
can doi hoi do chi tiét cao ciia mang dau.
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