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Tém tit

C6 hai phwong phdp thye hién két xudt hinh dang
ciia chdt long: Phirong phdp hinh hoc va phwong
phap vt Iy. Phwong phdp hinh hoc cho két qua
tinh todn nhanh va yéu cau phan ciing mdy tinh
khéng cao. Phiong phdp vit Iy ¢6 thé mé phong
mét cach chinh xdc va ti mi chuyén déng cia chat
long nhung lai doi héi cdu hinh phan cimg khd
cao va khéi lwong tinh todn lén. Trong bdi bdo
nay, nhom tac gia da ap dung thudt toan hinh hoc
tao ludi da gidc tir mot gia tri déng thé dé tai tao
va két xudt chuyén dong ciia mang dau trén bién.
Pay la nghién citu ddu tién ¢ trong nwée va trén
thé gidi dp dung thudt todn Marching Square vio
mé phong mang dau trén bién. Uu diém cia
phirong phép nay la cé thé mé phong mot thé tich
Ién dau tran trén bién véi téc do nhanh, khéi
lwong tinh todn it ma van dam bdo yéu t6 thoi gian
thuc (real-time).

Tiur khoa: Chdt long, ludi da gidc, tran dau, thoi
gian thuc.

Abstract

There are two methods to render fluid: The
geometric method and the physical method. The
advantage of the geometric method is fast
calculation results and not very high of hardware
requirements. On the other hand, the physical
method can be proposed an accurately and
meticulously method to simulate the movement of
oil film at sea but require of higher computer
hardware and computation at the same oil spill
volume. In this paper, the authors have applied a

geometric algorithm to generate a polygon mesh

from an iso-value to render and simulate the

motion of the oil film at sea. This is the first study
to apply Marching Square algorithm to simulate
oil film in Vietnam and in the world. The algorithm
can be able to simulate a large volume of oil
spilled at a fast speed, reduce the computation but
still satisfy the real-time factors.

Keywords: Fluid, polygon mesh, oil spill, real-
time.

1. Gioi thiéu

Dau béan chét cling 1a mét loai chét luu duge dic
trung bai do nhot, nhiét do, strc cang bé mat, 4p suat, ...
Trong linh vuc d hoa may tinh, viéc md phong chit
lwu c6 rat nhiéu ung dung. Mot chuong trinh mo
phong chét Iuu tdt s& o tim quan trong trong rat nhiéu
linh vuc nhu mod phong chinh xac chuyén dong cua
dam khoi, lira, nuéc va dau dé Gng dung trong cac
nganh giai tri, phim anh, dao tao, huan luyén va trong
cac nganh khoa hoc, k¥ thuat khac. Pong lyc hoc chét
luu dong vai trd 1a nén tang tiéu chuan cia cac phuong
trinh toan hoc dé mé phong chit luu nhu ngay nay.

Ngay nay, v6i su phat trién cia khoa hoc cong
ngh¢ trong do c6 nganh cong nghé thong tin, viéc mo
phong chat 16ng di khong con 1a van dé qua kho khin
va phuc tap. Tuy nhién, & mdt goc dd nao do thi qua
trinh mé phong van chi 1 sy tiém can véi méi trudng
that ngoai ty nhi€én ma thoi. P6 1a do sy han ché cua
phin cting may tinh ma cu thé 1a CPU (Central
Processing Unit) va GPU (Graphics Processing Unit)
cling khong thé nao dap tng duoc hét tat ca cac yéu
cau cua hang ty phép tinh trong mo phong dong luc
hoc chét luu.

Trong cach tiép can viéc két xuét chit long, ¢6 hai
phuong phap dugc su dung la phuong phap hinh hoc
va phuong phap vét ly. Phuong phap mo phong hinh
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hoc dua trén nguyén ly xdy dung ludi da giac (tam
giac hodc tir giac) dé két ndi cac phan tir ri rac lai voi
nhau, sau d6 st dung stc manh cia GPU dé tinh toan
mau sic, d6 trong phan, 4nh sang nham két xuat dua
ra hién thi trén man hinh may tinh. M. Muller va cong
su [1] da st dung phuong phéap ludi khong gian man
hinh (Screen Space Mesh) dé mo phong nudce. Ong sit
dung thuat toan Marching Square tao Iudi 2D, sau do
1am min bé mit da giac va két xuét hinh anh ra man
hinh. S. Almeida va cong su [2] 43 moé rong ludi
khong gian man hinh cho phuong phap SPH
(Smoothed Particle Hydrodynamics) dua trén ngén
ngit Shader Labs dé két xudt ra man hinh. Phuong
phap mo phdng vat ly khong xay dung ludi hinh hoc
ma dua trén phuong trinh Navier-Stokes (N-S) d& mé
phong tryc tiép qué trinh chuyén dong ciia chat 1ong,
phuong trinh nay dugc dat tén theo Claude-Louis
Navier va George Gabriel Stokes. Pay 1a phuong trinh
dung dé mé phong chuyén dong cua cac dong chay
chat Iuvu khong nén dugce trong tu nhién bang cach xay
dung mot trudng vector, trong d6 mdi mot chat diém
duoc dac trung bdi mét dai lugng vector cd hudng
biéu thi cho van tdc, nhiét do, ap suét cua chét luu. T
so d6 huéng chuyén dong cua vector, ngudi ta s& xay
dung dugc ludng dich chuyén cua chit luu. J. Stam
[3] da st dung mo6 hinh vat 1y dya trén phuong trinh
N-S dé mé phong chuyén dong cua chét luu 6n dinh,
tuy nhién két qua mo phong cho thay su chuyén dong
ctia dong chay giam di kha nhanh so vai thyuc té. K.
Kakuda va cong su [4] st dung cong nghé GPGPU
(General Purpose Computing on Graphics Processing
Units) bang CUDA (Compute Unified Device
Architecture) dé giai quyét phuong trinh N-S mé
phong dong chay cia chat 1ong, diéu nay ciing ting
dang ké hiéu sut ciia qua trinh tinh toan.

Trong bai bao nay, nhom tac gia s€ xay dyng mo
hinh mé phéng 3D qué trinh chuyén dong ciia mang
dau trén bién dya trén thuat toan Marching Square
trong khong gian 2 chiéu bang phan mém Unity. Do
chuong trinh duge ap dung trong hé théng mo phong
{mg phé sy ¢b tran dau trén bién nén co dic diém la
can cho két qua nhanh, it dit liéu dau vao, chinh vi vay
chi khao st 2 qua trinh lan rong va tréi ndi ctia mang
dau 12 hoan toan phu hop. Phuong phap nay cho ra két
qué nhanh, khéng can nhiéu dit liéu dau vao va c6 thé
mo phong dién tich 16n cua mang dau trén bién ma
van dam bao yéu t6 thoi gian thuc. Ngoai ra né ciing
biéu dién duoc qua trinh phan tich mang dau thanh
nhitng phan nhé hon mot cach dé dang, diéu ma cac
nghién ctru trude day chua xay dung duoc.
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2. M6 hinh thuat toan biéu dién sw lan truyén
co hoc ctia mang dau trén bién

2.1. M6 hinh thudt todn biéu dién qud trinh lan
rong ciia mang dau

Tir nhitng ndm 60 cua thé ky 20, Fay [5] d dwa ra
céc tinh toan ctia minh cho hinh dang vét dau loang
trén bién, 6ng coi nd chi don thuan 12 mot hinh tron
c6 ban kinh » md rdng vé dién tich. Vao nam 1984,
trong mot nghién ctru thyc nghiém tran diu tai ving
bién A-Rap, Lehr [6] da chi ra ring két qua nghién
ctru tran dau cua Fay 14 chua chinh xac va kho thuc
hién trong thyc té, vi khong tinh dén anh hudng cia
mdi trudng toi sy lan tran dau. Bang cac thir nghiém
thuc té, Lehr da dwa ra duoc cong thirc toan hoc tinh
toan su giin no dién tich mang dau trén bién co tinh
dén anh huong cua gi6 va dong chay, khi d6 mang dau
c¢6 dang gan giéng hinh Elip v&i ban truc 16n va ban
truc nho. Tuy nhién, dién tich cua mang dau chi dat
dén mot giéi han nhét dinh thi s& khong ting 1én ma
chuyén sang cac giai doan tiép theo nhu phan tan, két
ta va bién dbi vat 1y khac. Ly thuyét ciia Lehr duoc
minh hoa qua cong thic (1) va (2):

1
LB 2l [ L4
A=2270| 22| v3t2 +a0| 22| v3w3t (1)
Ao Ao
3
A =10°v4 2
max

V6i, A 1a dién tich mang dau (m?); A, 1 dién tich
16n nhat mang dau (m?); ¥ 1a thé tich dau bi tran
(barrel); W 1a toe d6 gid (knot); t 1a thoi gian (phiir);
pola ty trong dau; Ap 14 bién thién ty trong nude bién-
dau; 0 1a ban tryc nho; R 1a ban truc 16n.

2.2. M6 hinh thudt todn biéu dién qud trinh tréi
dat ciia mang dau
Dé cu thé hoa céc khéng dinh cua Lehr, M. Fingas
[7] da dua ra dugc cong thirc thuc nghiém thé hién sy
phu thudc ciia huéng dich chuyén mang dau trén bién
vao gi6 va dong chay. Su trdi dat ciia mang dau dugc
tinh toan duya trén tinh todn chuyén dong ctia timg hat
dau riéng biét. Tbc do di chuyén cua hat dau thr i bat
ky duoc xéc dinh bdi dao ham cua tryc X theo thoi
gian ¢:
™ 3

Vet O3 Yir D+ Vgige (59300

V6i, Xi(x,y;) 1a vi tri ctia hat thir i; Vay 1a toc do
phan tan; ¢ 1a thoi gian (s).

Varift %0 i) = anVw (5, Y +acVe (5, 7). 4
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Véi, Vi, 1a toe d6 gi6 tai 10m trén mat nudc bién;
V. 1a tbc d6 dong chay; a,, = 0,03 12 hé s6 gio; a.=1,0
1a hé s6 dong chay:

i
Vait 05 Vi) =VgrigRne " ©)

Vi, R, [-1,1] 1a hé s6; a, [0, 7] 1a goc 1&ch; Vain
1a vén tdc dat.

3. Ung dung thuit toan dia Poisson biéu dién
tap hiru han cac hat diu trén bién

Thuat toan phan chia diém Poisson dugc nhic dén
lan dau tién vao nam 1960 dé thyc hién phan bd cay
trong rimg. Trong d0 hoa may tinh, thuat toan nay
dung dé két xuét hinh anh, tao hinh va xir Iy hinh hoc
cho d6i tugng. Nguyén 1y hoat dong cia thuat toan 1a
vé& d6i twong trong khong gian n chiéu duya trén viéc
tao cac tap diém trén bé mat d6i tugng sao cho chung
cach nhau mot khoang cach da dwoc gidi han trude.
Uu diém cua thuat toan 1a c6 thé phan bd cac diém
trong khong gian ma khong bi chong lan hodc qua
thua thét. So v6i phan bd déu va phan bé ngiu nhién,
thuat toan dia Poisson c6 thé diéu chinh dugc mat do
xuét hién cac diém trén bé mat ddi tugng tai nhirng
chd can thé hién chi tiét, do d6 hinh anh ctia di twong
tai nhitng vi tri nay s& c6 do phan giai sic nét hon. Vi
du nhu trong v€ anh, tai nhitng vi tri nhu mét, mii, toc,
mil cua ddi tugng can duoc v& rd nét thi mat d6 diém
tai do s€ dugc tang 1én twong Ung.

Trong mot nghién ctru trude [8], nhoém tac gia da
ap dung thuat toan phan chia dia Poisson dugc lap
trinh song song da ludng chay trén GPU dé ting hiéu
suét tinh toan va tang ) luong hat dau duoc tao ra.
Céch thure thuc hién nhu sau: Dau tién thuat toan tao
ra mot tap diém trén mot bé mat, sau d6 mdi mot lu(“)ng
s€ tu dong nhat mot diém trén tap vua tao ra dé kiém
tra diéu kién khoang cach d > 2r s& duoc Iuu lai va

Hinh 1. Phin chia diém da luong trén GPU
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hién thi trén man hinh. Cong viéc duoc thyc hién dong
thoi trén nhiéu ludng cia GPU dé ting dang ké hiéu
suat. Hinh 1 thé hién nguyén 1y tinh toan ciia thuét
toan phan chia dia Poisson.

4. Thuit toan tao luéi da giac tir mot bé mit
dang thé dé mé phong mang dau

4.1. Thudt toan Marching Cubes va Marching
Square

Thuét toan ldy miu dia Poisson da tao ra mot budce
dot pha trong viéc mo ta cac dac diém cua sy cb tran
dau trén bién, do d6 cung cap kha ning d& dang hién
thi chuyén dong cua né thong qua viéc ap dung céc
cong thirc toan hoc cho ting hat dau, tuy nhién hinh
dang dau vén roi rac hang nghin hat chwa hoan toan
thoa man mo phong chét long. Trong bai bao nay,
nhom tac gia sir dung thuat toan Marching Cubes dé
biéu din sy lién tyc cua mang dau. Thuit toan da
dugc 4p dung cho nhiéu linh vuc, bao gém trd choi
dién tir, hinh anh tryc quan y té nhu hinh anh quét may
tinh (CT), hinh anh cong hudng tir (MRI) va biéu dién
cac mo hinh 3D phi da giac. Thuat toan Marching
Cubes str dung mot bé mat déng thé dé xéac dinh dinh
nao nam bén trong hodc bén ngoai mit phing do, sau
d6 mot bé mat s& duoc tao ra tir cac diém cit, dugc
phat trién boi Lorensen va Cline va ban dau duoc trinh
bay tai hoi nghi SIGGRAPH nam 1987 [9]. K¥ thuat
nay cho phép chuyén d6i mé hinh 3D phi da giac
(chang han nhu mé hinh dugc biéu thi bang voxels)
thanh mé hinh da giac. Dé don gian ta dua thuat toan
vé khong gian 2 chiéu goi 1a Marching Square.
Nguyén ly cua thuat toan Marching Square nhu sau:

255 255 255 255) 255

255

255, 255, 255, 255, 255
Hinh 2. Tinh todn chi sé ciia vertex va cell
- Budc 1: Chia mién céan v€ thanh cac cell va gan
cho moi dinh (vertex) cua cell mét chi so (index), thudt
toan s€ tién hanh so sanh cac chi so cla vertex va gia
tri isovalue mac dinh, neu chi s0 cua vertex 16n hon
isovalue thi chuyén chi s0 ctia vertex sang hé nhi phan
l1a 0, ngugc lai chuyén chi s cua vertex 1a 1, trong
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Hinh 2 va Hinh 3, Iya chon gia tri isovalue = 200.

) o o o o

) o 0 ) o

Hinh 3. Tinh todn chi sé ciia vertex va cell

- Budc 2: Tai mdi cell ciia mién tinh toan, di theo
chiéu kim dong hd dé xac dinh ma nhi phén cua cell,
sau do su dung toan tir thao tac bit OR (bitwise OR)
va phép dich trai bir dé tim ra chi s cua cell dudi dang
hé thap phan. Tai Hinh 3, vi du lya chon 6 dugc to
dam mau xanh dé tinh, gia tri bir nhi phan 1a 0110
tuong duong véi sb 6 trong hé thap phan. Tuong tu
chung ta ciing sé& tinh dugc chi s hé thap phan véi cac
cell con lai.

- Bud6c 3: Vi mdi cell c6 dang hinh vuong 4 canh,
mdi canh s& c6 2 truong hop dudng bao (contour line)
cét qua, nhur vay s& c6 2% = 16 truong hop c6 thé xay ra
trong thuat toan Marching Square nhu trong Hinh 4.

- Budrc 4: T chi sb cua cell tinh dugce & bude 2 tra
vao bang 16 truong hop & budc 3 dé v& cac canh cua
da giac, duong t6 ddm mau den trong Hinh 5.

- Budce 5: Ap dung phép ndi suy tuyén tinh giita
cac gia tri dit lidu trudng ban ddu dé tim vi tri chinh
xac cua duong bao doc theo cac canh cua cell, duong
mau dé trong Hinh 5.

Nhu vy, trai qua 5 budce & trén, chung ta c6 thé
v& ra dugc bé mat cua da giac tir mot truong vo
hudng 2 chiéu.

“ase 0 e Case 2 ‘ N. 3 ('am‘ 4 Cases Caseb “ase 7

3 r ¢
Case 8 Case9 Case 10 Case 1l Case 12 Casel3 ‘ase 14 “ase 15

Hinh 4. Cdc trwong hop dwong bao cit cdc cell

Hinh 5. Vé so by hinh dang ciia da gidc
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4.2. Ung dung thudt todn Marching Cubes dé
mé phéng chuyén dopng mang diu trén bién

Do hat dau ¢ nghién ciru trude [8] duge coi co
dang hinh cfiu, du tién thuat toan sé kiém tra xem
nhitng dinh nao ciia cel/ nim bén trong hinh tron.
Trong Hinh 6, nhiing dinh ¢6 mau do 1a diém duoc
hién thi trén man hinh, ciing chinh 1a ving tinh toan
cua thuat toan. Phuong trinh thuit todn cac diém c6
toa do (x,y0) nam trong hinh tron ban kinh » thoa man:

(=% +(y-yp)?<r?  (©

.....

.....

Hinh 7. Vé so bj hinh dang ciia mang déu

Sau khi xac dinh dugc vung tinh toan la cac dinh
mau do, chung ta cing 4p dung 1an lugt cac bude nhu

//f \\ // \\

\ A,/ /

()

( (b %

\ C/’ \\P// N \D/ )
Hinh 8. Néi suy tuyén tinh giao diém ciia dwong bao
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& Muc 4.1 dé vé cac khéi hat dau chuyén dong uyén
chuyén va va cham vao nhau tao thanh céc hinh dang
ddc trung cua mang dau nhu trong Hinh 7.

Dé sy chuyén dong ciia mang dau khong bi gip
khiic, ching ta ap dung phuong phap ndi suy tuyén
tinh dé 1am min dudng bao va giam hiéu g ring cua.
Thuat toan Marching Square tao ra mot xép xi cho mot
dudng bao cua truong vé hudng 2 chidu. Noi cach
khac, néu chung ta ¢6 ham 2D, ham nay s& tim gia tri
gan diing ciia mot duong trong d6 tat ca cac diém trén

duong c6 cing gia tri ham thoa man diéu kién f(x,y)=1.

Xét truong hop thu 2 trong 16 truong hop cua thuat
toan nhu Hinh 8, dat ky hiéu cho céac dinh cua cell 1a
A, B, C, D, dudng bao s€ cit cell tai Pva Q.

Bai toan dit ra 1a tim toa do cua Q(x,y), d6i véi
diém P(x,y) thi lam tuong ty. Ta da biét:

Q, =B, (7

Mic du f{x, y) khong phai 14 tuyén tinh, phép noi
suy tuyén tinh van cho két qua tét dé 1am min céc
duodng bao, do d6 co thé tinh gan diing nhu sau:

Qy'By . f(QXle)' f(BX,By)
D -B. f(D.,D )-f(B.,B)
y 'y Xy Xy

)

Vi chung ta dang tim Q dé n6 nam trén dudng bao
trong do f{x,y) = 1, nén chung ta mudn f{Q., 0,) ~ 1
thi cong thie (8) dugc viét lai nhu sau:

1-1(B,.B,)

Q, =B, +(D,~B) €))

y Y| 1(0,D)-1(B.B)

Céc gia tri & vé phai cua (9) déu da biét, vi vay d&
dang tinh duoc gia tri ciia Q,. Tuong tu nhu vay chiing
ta cling co thé thiét 1ap cong thic dé tinh duoc toa do
ctia P(x,y). Sau khi noi suy tuyén tinh va ting 6 phan
giai thi hinh dang ctia mang dau dwoc thé hién nhu mé
ta trong Hinh 9.

KHOA HOC - CONG NGHE

o
’ -

Hinh 9. Hinh dang vét diu sau khi ni suy tuyén tinh

5. Thuc hién mé phéng vét dau loang trén bién

Dé thuc hién mo phong vét dau loang véi hon 500
nghin hat dau, nhom tac gia da su dung Card dd hoa
NVIDIA GTX 1050Ti dugc gén trén Mainboard Intel
Core(TM) 17-7700HQ xung nhip 2.80 GHz. Card
GTX 1050Ti dugc gin 768 nhan CUDA - kién tric
Pascal, ttn ma GP107, by nhé dung luong 4Gb
GDDRS5, d¢ rong bang thong 128 bit. Day 1a mot loai
Card man hinh thudc phan khuc tam trung nhung van
déap ung duoc render cac hinh anh cua vét dau loang
trén bién. Hinh 10 thé hién két qua moé phong su
chuyén dong ciia mang dau trén bién bang phan mém
Unity véi cac théng s dau vao cia dau nhu sau:

- Luong dau tran: 1500m°;

- Khéi lugng riéng cta dau: po = 890 kg/m’;

- Khéi lwong riéng nudce bién: p,, = 1023 kg/m’

- Van téc gi6 & do cao 10 m so voi mat nude bién:
Wio=0.5 m/s;

Hinh bén trai 1a khi méi bit ddu xay ra sy cd tran
dau, vét dau c6 dién tich bao phu nhé va chu yéu co
dang Elip. Hinh bén phai 1a khi vét diu da loang va
phat trién vé mat thé tich, do d6 dién tich bao phu s&
16n hon. Cac hinh anh dugc chup & cac goc quay khac

Hinh 10. M6 phéng vét dau tai cdc thoi diém khdc nhau
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= Phuong phap Marching Square (FPS)
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400000 500000 600000

—— Phuong phap Vit ly cua Muller (FPS)

Hinh 11. So sinh chi sé FPS (Frame per Second)

nhau. Chuong trinh mé phong da thé hién duoc qua
trinh phan tach ciia mang dau thanh nhiing phan nho
hon va su chuyén dong nhip nhang giita mang dau véi
song bién nhu ngoai thyc té.

Ngoaira, dé thé hién tinh wu viét cua chuong trinh,
nhom tac gia dd so sanh chi sé6 FPS (Frame per
Second) voi phuong phap mé phong vt Iy cua Muller,
két qua cho thay phuwong phap Marching Square luén
cho FPS cao hon véi cung $6 lwong hat dau duge md
phong (xem Hinh 11).

6. Két luan

Mo phong chit 16ng néi chung va mang dau néi
riéng cé tam quan trong rat 16n trong viéc dao tao,
huén luyén cong tac tng pho tran dau trén bién, gop
phan giup tiét kiém chi phi va ngudn luc con nguoi.
Tuy nhién, v6i viéc vira md phong bé mat bién va
mang dau s& gay ra khdi luong tinh toan va két xuat
dd hoa 1a vo cung 16n. Phuong phap mé phong hinh
hoc dua trén thuat toan tao ludi da giac tir mot bé mat
dédng thé cho két qua nhanh va c¢6 thé mé phong mot
dién tich dau 16n. Dong thoi chi sb FPS ciing t6 ra
vuot trgi so véi phuong phap moé phdéng vat 1y.
Chuong trinh mé phong hoan toan c6 thé duoc tich
hop vao phong mé phong budng 1i tai Trudng Dai
hoc Hang hai Viét Nam dé thuc hién dién tap Gmg pho
su ¢b tran dau trén bién.

L&i cdm on

Nghién ctru nay dugc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT22-23.02.
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