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Tém tat: Bai bdo nay nghién ctru cdu tric va sw phdt trién xody béo trong so dé ban déu hda xody déng
lwe théng qua viéc phén tdch cdc trrdng thanh cdc séng thanh phén st dung bién déi nhanh Fourier (Fast
Fourier Transform - FFT). K&t qud phdn tich séng cda cdc trudng gié mwe 10 m, khi dp mue bién cho thdy cdc
thanh phén séng s6 0 va séng s6 1 la hai thanh phdn séng chinh quyét dinh d6 I6n cdc trwdrng khi tuong bén
trong con béo. Trong dé thanh phén séng déi xirng (séng s6 0) déng vai tro quan trong nhét cho sw phdt
trién ctia cwong dé xody béo. Trong qud trinh chay vong Idp, cdc thanh phén phé séng vdi s6 séng Ién hon 1
chi phdt trién ddng k€ trong 30 - 40 vong Idp ban déu, sau dé giit & trang thdi 6n dinh.

Tir khoa: Bién déi nhanh Fourier (FFT), ban déu héa xody déng lwec.

1. Mé& dau

Trong du bdo thoi tiét bang cac mé hinh s6,
ngoai cau truc todn Iy va do phan giai ciia mé hinh
thi trwdng ban dau 1a mot trong nhitng yéu t6
quyét dinh tdi chat luong va dé chinh xac cda dy
bédo. Ban dau hda xody 1a mot bai todn duwoc dat ra
dé nang cao chat luvong diéu kién ban dau cia md
hinh dy bdo bdo. Nam 2002, Phan Van Tan va cong
su [1] da nghién ctru ki thuat phan tich xody tao ra
trudng ban dau cho mé hinh chinh dp dy bdo quy
dao b3o. Muc dich cla ban dau hoa la loai bd mét
cach can than xody yéu, sai vi tri khdi trudng ban
dau va cai vao mét xody nhan tao véi vi triva cudng
do phu hop vdi xody thue. Qua trinh phan tich nay
can duoc thyc hién sao cho thong tin trong tap
s8 liéu toan cau duoc gilt lai cang nhiéu cang tét.
Phan Vin Tan va CS [1] d3 chi ra rang xody nhan tao
duoc xay dwng dya trén co s& két hop cac thanh
phan ddi xirng clia xody phan tich va thanh phan
déi xtrng gid; thanh phan phi déi xtrng sinh ra bai
hiéu (rng B thay thé xody phan tich ban dau sé tao
ra trudng ban dau tdt hon. Nam 2002, Phan Van
Tan va cong su [2] d3 khao sat anh hudng clia qua
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trinh ban dau hda tdi quy dao duw bdo b3o bang
viéc chay mo hinh du bdo WBAR tng véi 9 trudng
hop cho 3 con b3do Durian (2001), Kajiki (2001),
Wukong (2000). Két qua cho thay truong ban dau
duoc xay dung bang cac phwong phap khac nhau
s& c6 nhitng anh huéng rd rét khac nhau dén quy
dao du bao clia b3o. V&i con bdo manh va xa bd
thi qua trinh ban dau hda can thiét loai bo thanh
phan phi d6i x(rng phan tich va nhitng nhiéu déng
quy mé nhd trong trwd'ng moi trudng quy mod nhd,
nguoc lai, véi nhitng con b3o yéu va gan bd nén
duwoc duy tri thanh phan phi déi xirng phan tich
trong truding ban dau [2].

Phép bién dbi Fourier ¢ nhiéu *ng dung
trong vat ly, s6 hoc, xt ly tin hiéu,... Trong x& Iy tin
hiéu, bién déi Fourier thudng duwoc dp dung dang
chuyén d6i tin hiéu thanh cac thanh phan bién
dd va tan so. Bién d&i Fourier rdi rac co thé duorc
tinh todn nhanh hon nhd ki thuat bién d6i nhanh
Fourier (Fast Fourier Transform - FFT).

Trong khi twong hoc, theo nghién clru cha Raaf
va Adane nam 2012 [3], FFT duoc st dung dé xac
dinh va theo ddi sy phat trién cla b3o trong cac
hinh anh radar thoi gian thuc. FFT duoc ap dung
cho cac hinh anh d3 duoc loc cho thay cic phd
Fourier dac trwng cac ddm may déi lvu cé sy khac
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biét dang ké so v&i may tang tang. Su khéc biét nay
duoc ing dung dé phat hién ra cac con déng manh
tlr thdng tin anh radar.

Trong khi FFT ¢6 nhiéu &rng dung trén thé gidi,
viéc rng dung FFT trong nghién ctru khi tuong &
Viét Nam con han ché. Trong nghién ciru nay ky
thuat FFT duoc sir dung dé nghién clru cau tric va
su phét trién cla xody b3o trong mét so d6 ban
dau hda xody dong luc nham chi ra sy phat trién
clia cac séng khac nhau va vai trod cla ching trong
qua trinh phat trién xody b3o trong md hinh.

2. Phuong phap va sé liéu
2.1. Thiét ké thi nghiém va sé liéu mé hinh

Bai bdo s&r dung mo hinh nghién ctru va dy bao
thoi tiét WRF (Weather Research and Forecasting)
phién ban 3.7 mé phéng con bdo Mujigae (2015)
véi phuong phdp ban dau hda xody déng luwc
NC2011 clQa hai tdc gia Nguyén Vin Hiép va
Yi-Leng Chen [4]. Bdo Mujigae b3t ngudn tir
mot nhiéu dong nhiét d&i & gan dao Palau,
phia Bong Philippines vao ngay 28/9. Bdo Mujigae
la con bdo manh anh huéng tdi Phillipines, phia
Nam Trung Quéc va mién Bac Viét Nam vao dau
thang 10 nam 2015.

M&é hinh WRF dugc chay véi hai mién tinh vdi
do phan giai theo phuong ngang lan luot 13 18 km
va 6 km, twong (rng véi s6 nut ludi theo phuong
ngang 13 121x121 va 205x205. S6 muc thang ding
trong m6 hinh la 38 muc (Hinh 1).

S6 liéu str dung 13 s6 liéu tai phan tich toan cau
CFSR v&i d6 phan giai ngang 3 0,5°x0,5°. Thoi diém
chay ban d4u hoa xody 1a 06Z ngay 03/10/2015.
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Hinh 1. Mién tinh cho mé phdng
con béo Mujigae
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2.2. Phuong phdp va cdc buoe xar ly

Nghién clru st dung phép bién déi Fourier dé
phan tich cac thanh phan séng, cdc nhdm séng
cla yéu t6 khi twong duoc lay tir két qua dau ra
clia mé hinh WRF. Phuong phép bién d6i nhanh
Fourier FFT co s6 2 dugc st dung véi cac budce co
ban sau [5, 6, 7].

Phép bién d6i Fourier cla mdt ham
/()€ L' (R) dugrc dinh nghiia bdi cong thic:

}(a)) =zf(t)e_i“”dt,a)e R (1)

Phép bién d6i nguoc cha bién d6i Fourier duoc
cho bédi c6ng thirc:

272' —0
Tién hanh tinh gan dung cdc tich phan trén,
trudc tién, ta gia thiét rang cac s6 a, b cb gia tri
tuyét déi du lén: a<b, b>0 ta duoc (3) 1a xap xi tot
cla tich phénlfourier (1): 3)
gf(t)e*"“”dt

Tiép tuc, ap dung bién ddi roi rac (DFT) clia mot
chubi x(n) chu ky N:

_x, [x(n)](k)=gx(n)w73

k=0;N -1 (4)
27i
Véi: WN = 6_7
St dung FFT co's6 2, chudi cé N diém thda man
=2, (seZ')

2 7-1

X(k)= x(”)'WA]/m Zfl( )WN/2+W Zfz n/2

f(m)=x(2m)
f,(m)=x(2m+1)

S X (k)= (k)WL ()
k=0,N-1
Ap dung tinh chat tuin hoantheo chuki N cla
F kva Fkta co: 2

Fl[k%j:ﬂ(k)

= F, (k+%)=F2(k)

. . ke k
Ngoairataco: W, 2 =-W




k k—Oﬂ—l
X (k)=F (k)+Wy F, (k) )

=
X(k+];7j=F1 (k)-Wx .Fy(k) k= 0,%—1

Nhu vay, thay vi viéc tinh DFT cla N diém thi

. N . N .. - .

ta chia X(k) thanh 2 DFT cta — diém. Tiép tuc qua
trinh trén cho dén khi dwoc bién d6i cdia DFT cla 2
diém (co ban), ta s& c6 duoc % log N bién déi DFT
2 diém. Mat khac, moi DFT ca 2 diém chi phai tinh
1 phép nhan phurc va 2 phép cdng phirc. Suy ra, dé
tinh DFT clia N=2° diém ban dau bang thuat toan

FFT chi can tinh Y log,N phép nhan phtrc (thay
vi N?) va Nlog,N phép cong phurc (thay vi N(N-1)).
Néu N cang I6n, khéi lugng phép tinh theo thuat
todn FFT gidm di cang nhiéu so v&i phép DFT.

Trong nghién ctru nay, bién déi Fourier dugc dp
dung cho cac séng gan tam bao. D& 4p dung FFT, tir
mot ludi vubng ban dau, mét ludi gid dinh 1a cac
dudng tron dong tam véi tdm duoc dat triung vdi
vi tri tdm bdo. Mbi dudng tron bao gdbm 64 diém
nut lwdi (Hinh 2).
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Hinh 2. Minh hoa lwdi toa dé tron gid dinh

FFT s& dwoc ap dung cho cac chudi N=64
diém tuwong ng vdi mdi dwdng tron 13 mot
chudi céc sb lieu. DE xac dinh s6 liéu trén lwdi
tron tir lwdi kinh vi cia mé hinh, trong nghién
ctru s dung phuwong phap ndi suy Bilinear [8]

(Hinh 3), 1a mdt phan mé réng ciia phwong phap
ndi suy tuyén tinh ndi suy ham 2 bién trén ludi
2 chiéu (lwdi vudng) nham muc dich dé noi suy
cac gid tri tir cac diém nut ludi vudng ban dau vé
lwdi tron gia dinh vira tao ra.
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Hinh 3. Phuong phdp néi suy Bilinear [8]
B6n diém mau dé trén Hinh 3 hién thj cac dir tAnsdé f(0)=0

liBu va diém mau xanh |3 cay la diém mudn ndi suy. e Ph6séng sd 1: Bao gdm séng s6 1, tng vdi
Sau khi thu dugc toan bd cdc ham séng thanh tAn sd (1)

phan, chia cic séng thanh 5 nhdm phé séng: e Ph6séng sd 2: Bao gdm song s6 2, ing vdi
*  Ph6séng sd 0: Bao gdm song s6 0, tng vdi tan s6 f(2)
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e Phé séng s6 3: Bao gdm cac sdng cd tan s6

f@)<s)<r@) , ‘
e Pho song s6 4: La pho séng gdbm cdc ham

Phan dudi day sé trinh bay két qua tinh toan,
danh gia sy thay déi cla trwong téc do gié muc
10 m, trudng khi dp muyc bién trong trudng hop

¢ tan sé con lai.
3. Két qua phan tich séng

bao Mujigae nam 2015 (Hinh 4 - Hinh 12).
a. Trudng téc d6 gié muwe 10 m

- cycle 1 i - cycle 8 "
150 30 150 30
100 O 20 100 20
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0 0
50 100 150 200 50 100 150 200
- " - cycle 80 i
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Hinh 4. Téc dé gié muc 10 m (m/s) phé séng s6 0 vdi cdc vong Idp the 1, thi 8, thir 36 va thur 80

cycle 1 cycle 8
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Hinh 5. Téc dé gié muc 10 m (m/s) phé séng s6 1 vdi cdc vong Idp the 1, thi 8, thir 36 va thur 80
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Hinh 6.
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Téc dé gié muc 10 m (m/s) phé séng s6 2 vdi cdc vong Idp the 1, thi 8, thir 36 va thur 80
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Hinh 7. Téc dé gié muc 10 m (m/s) phé séng s6 3 vdi cdc vong Idp the 1, thi 8, thir 36 va thi 80
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Hinh 8. T6c dé gié muc 10 m (m/s) phd séng s6 4 vdi cdc vong Idp the 1, thi 8, thir 36 va thur 80

C6 thé thay duoc sy thay d6i cla xody bdo nhu thanh phan phd séng s6 0 va 1 1a [én hon han
trong qua trinh phat trién & cac phé séng trong cac thanh phan séng (phd séng) khac.
truong toc do gié 10 m. Bién dd dao dong thi co vé b. Té¢ d6 gié cuc dai gén tém

40 T T T
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S - 1 |~ Spectrum 2
§ —Spectrum 3

15 —Spectrum 4

Hinh 9. Téc dé gié curc dai tirng vong Idp trong vong bdn kinh 200 km tinh tir tém béo
c. Trwong khi dp myee bién

SLP min ciia séng s0 0 theo tirng vong Iip
1000 T I 1 T I 1
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Hinh 10. Khi dp muwc bién theo tirng vong Idp cta phé séng s6 0
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Hinh 11. Khi 6p muwc bién theo tirng vong Idp cua phd séng s6 1, 2, 3 va s6 4

Hinh 10 thé hién sy thay déi khi 4p muec bién
theo tirng vong 1&p cla ph6 séng s6 0. Co thé thay
duoc sy thay d&i manh cla khi 4p muc bién theo
tirng vong lap, giam tir 996,8 hPa (trwdc khi ban
dau héa xody) xudng con 954,3 hPa (& vong lap thi
80) (Hinh 10).

Hinh 11 thé hién sy thay d6i cta khi 4p muc
bién theo tirng vong I3p clia phd séngs6 1, 2, 3, 4.
CA thé thady mirc d6 anh hudng cla phd séng so 1,
phé séng s6 2, phé séng s6 3 va phd séng sb 4 doi
vai sy thay déi khi ap murc bién cue tiéu 13 khdng
dang ké.

4. Két luan

T nhitng phan tich trén cd thé rut ra mot s6
két luan:

V@ su phat trién clia xody b3o trong so d6 ban
dau hda xody déng lyc: Cac thanh phan séng sd
0, séng s6 1 phat trién manh nhat trong qua trinh
chay lap. Nghta 13 vai trd déng gdp ctia thanh phan

s6ng s6 0 va sdng s6 1 vao sy phat trién xody b3o 13
quan trong hon cac thanh phan con lai. Cic thanh
phan séng s6 0 va sd 1 1a hai thanh phan chinh
quyét dinh dd I&n cac truong tée dé gid cuc dai va
khi 4p muc bién cye tiéu bén trong xody bao.

Thanh phan séng déi xirng thay d6i lién tuc
trong qua trinh phat trién cla xody b3o (80 vong
lap). Cac thanh phan phi d6i xirng chi phat trién
déang ké trong khoang 30 - 40 vong lap dau tién va
sau d6 gilr & trang théi 6n dinh. Vi vay, vdi nghién
clru nay nhom téc gid khuyén nghi, qua trinh chay
ban d4u hda xody clia phuwong phap NC2011 cd thé
dirng lai & khoang 40 vong I3p dau tién nham tiét
kiém thai gian tinh toan cling nhu dung lvgng may
tinh. Cuding d6 xody duwa vao diéu kién ban dau
cla mé hinh cé thé xac dinh tir thanh phan phi déi
xirng & khoang vong 13p 40 két hop vdi thanh phan
déi xtrng & vong |dp nay nhan mét ti 1& xac dinh tir
cudng dd bdo quan trac.
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APPLICATION OF FAST FOURIER TRANSFORM (FFT) ON INVESTIGATING
STRUCTURE AND DEVELOPMENT OF A TROPICAL CYCLONE VORTEX IN A
DYNAMICAL VORTEX INITIALIZATION SCHEME
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Abstract: This research investigated the structure and development of tropical cyclone vortex in a
dynamical vortex initialization scheme using Fast Fourier Transform (FFT) technique. The results of wave
analysis of the meteorological fields in storms such as winds at 10 m level, sea level pressure showed that the
wave number 0 and 1 are the two major components contributing to the developments of meteorological
fields in the storm inner core region. In addition, the study also found that the symmetric wave component
plays the most important role on the vortex development. All other waves with wave number greater than
0 only significantly develops in the first 30 - 40 cycles. This allows us to use the vortex at the 40" cycle as
initial condition to save computing resources and time for possible application of the dynamical vortex initialization
scheme in operational real time forecast.

Keywords: Fast Fourier Transform, dynamical vortex initialization.

TAP CHi KHOA HOC BIEN D81 KHi HAU
S8 6 - Thang 6/2018

8
—




