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Tém tit: Mua nhin chung c6 thé mang dic diém dbi luu va phan ting, mdi loai mua gan
vOi cac qua trinh phat trién vi vat li may la khac nhau din dén su khac nhau vé cuong dog,
thot gian va dién mua. Sir dung s6 liéu quan tric Ra da phén cuc trén khu vuc Tay Bic,
nghién ctru da tién hanh xay dyng mot phuong phap nham phan loai dic diém mua dua
trén thudt toan phan loai May vecto hd tro. Két qua phan loai sau d6 duoc sir dung nham
tim ra cac h¢ so thuc nghiém trong cac cong thirc ude tinh mua dua trén phuong phap binh
phuong t6i thiéu. Qua danh gia cho thdy v6i phuong phap phan loai dugc dua ra chi duéi
10% khu vuc c6 dai sang bi phan loai 1a mwa d6i luu, phuong phap ciing da khic phuc
dugc cac phan loai sai so véi phuong phap tham khao trong cac trudng truong hop mua
duge xem xét. Két qua udc tinh mua cho thiy lwong mua wdc tinh tir Ra da thap hon gia
tri quan trac, cac cong thirc voi viée phén loai dac diém mua va st dung cac bién phan cuc
c6 két qua tot hon cong thie chi s dung gia tri cua Z, trong d6 cong thue R(Z, ZDR,
KDP) c6 hé s twong quan cao va sai s6 nho nht.

Tir khoa: Phan loai dic diém mua; May vecto hd trg; Ra da phan cuc; Ty Bic.

1. Mé& dau

Trén khu vyc nhiét d6i mua nhin chung c6 thé mang dic diém phan tang va doi luu.
Mua dbi lwu xuat phét tir hé thong may tich (Cumulus), bao phi mét khu vue nho, cu’ong
do mua 16n, thoi gian mua ngan. Mua phan tang thuong tir cac ddm may tang (Stratus), cd
cau tric dong nhéat theo phuong ngang, cuong do mua thip va kéo dai [1]. Viéc phan loai
dic diém mua c6 ¥ nghia trong nghién ctru h¢ thong mua voi co ché vat ly khac nhau nham
cai thién udc tinh mua tir quan tric Ra da va du bao mua tir mé hinh sb trj [2].

Trén thé gidi di co nhiéu cac phuong phap khac nhau dugc xay dung nham phan loai
dic diém mua ciia mot hé thong may tir cac quan trac trén mat dat va trén khong. Cac
phuong phéap dau tién sur dung so quan trac tir cic may do mua bé mit khi gia tri mua vuot
qua mot ngudng cb dinh—phuong phap BET [3-4], tuy nhién phuong phéap ndy chi gitp xéac
dinh dugc khu vyc tim mua d6i luu. Trude yéu cau mo rong khu vyc phan loai, trong 30
nam tr¢ lai day cac phuong phap phén loai sir dung s0 liéu Ra da thoi tiét da dugc nghién
ctru va phat trién. DPoi voi cac Ra da phan cyuc don cac thuat toan dugc phat trién chu yéu
dwa trén gia tri tir Phan hoi v6 tuyén (Reflectivity — Z) va cac bién din xuat duoc dua ra [5
9]. Tiéu biéu trong mot nghién ctru ctia Stainer va CCS [10] dd dwa ra phuwong phép sir
dung ban kinh anh hudng xung quanh mdi tim ddi luu bién ddi theo kinh thude va la mot
ham phu thudc vao do 16n cua gia tri Z trung binh nén khu vuc (phuong phap SHY95).
Bing viéc kiém tra bang gia thuyét dai sang xuét hién trong 16p tir 4-5 km, phuong phap
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cho két qua phan loai sai nhé hon 10%, tac gia ciing da tién hanh viéc udc tinh lugng mua
dira trén két qua phén loai bang cach sir dung hai mdi quan hé Z-R riéng cho ting loai mua
la: Z = 82R™ (mua dbi luu) va Z = 143R™® (mwa phan tang) két qua da cho thiy co su cai
thién dang ké do chinh xac vé wdc tinh lwong mua, tuy nhién han ché chinh dbi v6i phuong
phap SHY95 do6 1a viéc doi khi phén loai qua cao véi nhiing vang PHVT thanh mua dbi
lwu. D6i véi Ra da thoi tiét phan cuc dd c6 mot sb cac nghién ctru thyc hién [11- 15] cac
nghién ciru nay tap trung chinh vao viéc phan tich dic diém cta cic bién quan tric phén
cuc qua d6 nhan dang hai loai dac diém mua dua trén cac thuét toan may hoc hién dai, két
qué so sanh véi cac phuong phap duge xdy dung trude d6 cho thiy cé thé phan loai dugc
hai loai mua trong hé théng miy va ciing rat hiru ich trong viéc cai thién do chinh xac cia
udc tinh mua.

Céc nghién ctru trude day tai Viét Nam hau hét chi sir dung sd liéu tir cac Ra da phan
cuc don, tap trung chu yéu vao nhan biét cac hién twong khi tugng dya trén viéc khao sat,
dua ra cac ngudng gia tri va xdy dung cong thirc udc tinh mua dya trén méi quan hé giira
Z-R cho ting khu vuc nghién ctru [16-20].

Vi sy phat trién cta thé hé cac Ra da thoi tiét phan cuc thi viéc st dung $6 lieu quan
trac phan cyc nham phan loai dic diém mua ddi lvu hay mua ting va nang cao do chinh
xéc trong wdc tinh mua dang duoc tap trung nghién ciru. Viée co thém mot lugng 16n sb
liéu mua quan trac duoc boi Ra da néu sir dung cac thuat toan may hoc s& gop phan giai
quyét duoc nhimng bai toan phtc tap dat ra. Do d6 nghién ctru trinh bay mét phuong phap
nham hd trg viéc phan loai dic diém mua, két qua phén loai phan loai sau d6 dugc sir dung
nham tim ra cac hé sé thuc nghiém trong cac cong thirc wéc tinh mua cho khu vuc Tay Bic.

2. S liéu sir dung va phwong phap nghién ciru

2.1. 86 liéu sir dung

S6 liéu mua: Nghién ctru st dung gia tri lugng
mua (mm) quan tric dugc tir 55 may do mua tu
dong thudc hé thong Vrain (Hinh 1) trong ban kinh
quan tric 200 km cta Ra da Pha Pin, d6 phan giai 2N 2] '
thoi gian 1a 10 phut. S6 liéu mua duoc thu thap tir 68 () .. .’
dot mua dién ra trong khoang thoi gian tr thing 2 | : ¢
dén thang 8 trong hai nam 2021 va 2022, trong d6 | e )
thoi gian bt dau ciia mot dot mua duoc xac dinh 1a " e N W

thoi diém ma & d6 c6 it nhat mot nira s6 méy do mua ' 1

ty dong c6 béo lugng mua, thoi gian két thic khi ’ d
hon mét nira sO may do mua khong con ghi nhén gia — {

tri lugng mura. Hinh 1. Vi tri Tram Ra da thoi tiét Pha

S6 lidu quan trac phan cyc: Nghién ciu su dyng  Din (chdm xanh) va 55 may do mua ty
s6 lidu quan tric tir tram Ra da thoi tiét Pha Din  dong (chédm do).
(21°34° N, 103°31E), thu thap trong ban kinh 200 km vé&i do phan giai thoi gian 1a 10 phut
va cling dugc phan chia theo cac dot mua dé dam bao tring khdp vé thoi gian véi sb lidu
mua. Cac bién phan cuc st dung gdbm: Phan hoi v6 tuyén (Z), D6 1éch phan hdi vo tuyén
(Diferential Reflectivity - ZDR), B 1éch pha riéng (Specific Differential Phase - KDP), Hé
sd twong quan (Correlation Coefficient - CC). Sau khi thu thap s6 liéu trai qua budc thir
nhat 13 kiém soat chat luong nham loai bo cac phan hdi tir nhidu bé mit, tiép theo sb liéu s&
duogc noi suy trén ludi Dé-cac 3 chiéu tai 7 myuc d6 cao (0 t61 9 km) va do cao 3 km s& duogc
lya chon su dung dé tranh anh huong cua dai sang.

2.2. Phuong phap nghién curu

2.2.1. Phuong phap phan loai dic diém mua
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Vi¢e st dung cac thuat toan tri thong minh nhan tao (Al) dbi véi s6 lidu Ra da thoi tiét
dd dugc phat trién manh trong hai thap ki qua. Dua trén viéc tham khao két qua tir cac
nghién ciru trudc do, tac gia lya chon st dung thuat toan May vecto hd trg (Support Vector
Machine) [21-22] nhdm muc dich xay dung mot phuong phéap phén loai déc diém mua
(phuong phap SVM). V6i mot b cac thude tinh (diém) thuoc mot trong hai 16p cho truge
(tap huan luyén), thuat toan SVM s& xdy dung mot siéu phang (hyperplane) nham phan loai
cac diém thanh hai phan sao cho cac diém cung mot 16p nam v€ mot phia vdi si€u phing,
ddng thoi thoa méan diéu kién 18 phan tach cua hai ddi twong can phan tach dat gia tri cuc
dai. Cu thé béng cach dua vao mot tap $6 liéu huin luyén {(X;, yi)}{il, muc tiéu s€ phai tim
Vecto trong s6 t6i vu W va do 1éch b sao cho:

min <W.W>
\ > } )
Véididu kién: y;(WX;+ b) =1 Vi = 1,2,...,N

Trong d6 Xi € R™ 1a vector dau vao (m la sé thudc tinh cua hai dbi twong can phan tach
- trong nghién ctru sit dung m = 2), N 13 s6 mau sir dung dé hudn luyén, yi 1a dau ra cua
thudt toan voi gia tri +1 hodc la -1 (trong nghién ctru twong ng voi mua d6i Ivu hodc phan
tang) Céac diém véi cap s liéu dic biét (Xi, yi) néu thoa man diéu kién trong (1) véi dau
bang thi cac diém nay dwoc goi cac Vecto hd tro.

V61 muc dich xay dung va danh gia phuong phap SVM, nghién ctru lya chon st dung
phu:ong phap SHY95 [10] lam phuong phap tham khao, phuong phap co tinh (mg dung cao
boi viée ap dung chi can duy nhat s6 lidu tir Z. Tuy nhién, dé ting d6 chinh xéac thi thuat
todan SVM yéu cau gia tri clia cac bién phan cyc sir dung phai co su khac nhau dang ké
trong hai loai mua [9, 15], do d6 su bién ddi gia tri tan sudt cta cac bién phéan cyc tai cac
khoang gia tri dugc xdc dinh va so sanh. Viéc khdo sat thuc hién thong qua 18 dot mua
duogc Iwa chon trong nam 2021, qua d thi tan suét cua cta cac bién phan cuc (Hinh 2) cho
théy chi co gié tri ctia Z va ZDR c¢6 su khéc biét trong hai loai mua va do do c6 thé duoc st
dung trong viéc phan loai dic diém mua.

Phan hoi v tuyén (Z) B¢ l&ch phan héi vo tuyén (ZDR)

- Muaddiy |

(b) ~8 Mua phin tng
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“ () *iammm  Hinh 2. Biéu d6 phan bd tan suat cua céc bién:
(a) Z, (b) ZDR, (c) KDP.
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Dé st dung thuat toan SVM thi W va b trong cong thirc (1) can phai duogc giai thong
qua viéc sir dung mot tap s6 lidu huan luyén. Sau khi xem xét phan b tan suat nghién ctru
da lwa chon duogc cac ngudng gia tri dé xay dung tap huin luyén nhu sau: v6i mua déi luu
gié tri dugc lya chon theo tidu chi Z > 25dBZ va ZDR > 0dB, ddi voi muwa phan tang 1a Z <
35dBZ va ZDR < 2dB, cubi cung trong ca hai loai s6 liéu huan luyén chi nhing vi tri diém



Tap chi Khi twong Thiiy vin 2023, 749, 71-84; doi:10.36335/VNJHM.2023(749).71-84 74

ludi ndo duge xac nhan 12 mua loai phan ting hodc ddi luu boi phuong phap SHY95 méi
duoc su dung dé huan luyén thuat toan SVM.

Tap huén luyén thut toan cd 236.442 bo sb licu (226.156 bd s6 liéu mua phan tang va
10 285 b s6 liéu mua dbi luu) duoc sir dung. Mot bo sb liéu duoc xac dinh gom sb licu tir
Z va ZDR tir mot diém ludi bat ki thoa man tiéu chi lya chon s6 liéu va mot bién E biéu
dién loai mua (nhan phan loai) twong ung da dugc xac dinh trude (voi +1/-1 tuong tng 1a
mua dbi luu va phan tﬁng). Cu thé hon mot bo sd liéu huin luyén 1a mot Vecto c6 dang
[Z(i.j); ZDR (i,j); E(i,j);] voi i va j 1an lugt 1a vi tri kinh vi d6 cta diém ludi.

2.2.2.Phuong phép udc tinh mua

Nghién ctru tién hanh xay dung cac cong thirc woc tinh mua bang viéc st dung ket hop
gilta 3 nguén s6 lidu gom: sd liéu mua quan tric tir mdy do mua, s0 liéu tir quan trac phan
cuc va ket qua tir phuong phap SVM. Dua trén viée két hop ctia mot hay nhiéu bién phan
cuc voi sb liéu quan tric mua tw dong, cac dang cong thirc dugc nghién ctru st dung lugt R
(Z, ZDR, KDP), R (Z, ZDR), R (Z) va R (KDP) va dugc viét dudi dang téng quat:

R = aZPZDRCKDPH 2)

Trong do R 1a lugng mua udce tinh tir Ra da; Z, ZDR, KDP 1a céc bién phén cuc a, b, c,
d 1a cac hé s6 thyc nghiém.

Tuy vao dang cong thirc khac nhau ma cac bién Z, ZDR, KDP c6 thé xuét hién trong
cong thue. Viéc c6 st dung KDP trong cong thirc dua trén co sd cia cac nghién ctru da chi
cho rang KDP khong phai 1a mot phép do nang luong séng dién tir ma 1a mot phép do dua
trén pha dao dong, vi vady KDP it bi anh huong bdi su suy giam tin hiéu, nhiéu dia hinh
vv...do d6 viéc st dung KDP trong cac cong thirc c6 thé lam ting sy chinh xéc trong céc
cong thirc ude tinh mua. Bé thu duoc cac cong thirc wéc tinh mua tir (2), nghién ciru sir
dung phwong phap Binh phuong téi thiéu [18-20] nhim xac dinh cac hé sé thuc nghiém
thong qua viéc str dung tap sb liéu cta 27 dot mua duoc thu thap.

2.2.3. Phuong phap danh gia

Phuong phap SVM duoc danh gia dua trén phuong phap SHY95 bang viéc xem xét su
khéc nhau vé phan bd xac dinh khu vye mua boi hai phuong phéap, trong d¢6 mot khu vuc
mua 13 phan ting hodc ddi luu dugc xac dinh nho vao diém ludi. Nghién ciru ciing danh gia
doc lap hai phuong phap théng qua viée tinh Ti 1& phan trim phan loai sai dé thu dugc sai
s trong ting phuong phap, cho biét ti 1& diém ludi duge phuwong phap phén loai la mua dbi
luu nhung lai thé hién tin hi¢u dai sang so voi tong sd diém ludi co sy xuat hién cia dai
sang trong ciu tric cua Z theo chiéu thang dung tai diém ludi do [10].

Nhim danh gia ude tinh mua mot sb chi sd danh gia thong ké duoc sir dung bao gom:

- Ti 1¢ phat hién mua (RD): RD = “R&22
ng>0.2

YN (Ri-R)(Gi—G)

- Hé s6 tuong quan (r): r=
/z?il(Ri—ﬁ)z 2L 1(Gi=6)?

- Sai s6 quan phuong (RMSE): RMSE = \/%Z’i\’zl(Ri - G;)?

- Sai 56 h¢ thong (ME): ME = =N, (R; — G;)

Trong d6 ngg la sO cap gia tri mua ma ¢ d6 lugng mua woc tinh tir Ra da va may do
mua cing vuot ngudng gia tri 0,2 mm; ng 1 s quan tric tir may do mwa vuot qua ngudng
gia tri 0,2 mm.

Riva Gila gia tri udc tinh mua tir Ra da va gia tri quan trac mua tir may do mua (mm);
N 1a dung lwong mau. Gia tri R; duoc lay tai d6 cao 3 km trung binh trong mot mién tron
ban kinh 2 km ¢6 tdm trung véi vi tri cua may do mua.
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3. Két qua va thao luin

3.1. Két qua phén loqi dic diém mua

Nhim danh gia phuong phap dugc dua ra trong nghién ctru, két qua phan loai dic diém
mua tr phuong phap SVM bude dau duge so sanh voi phuong phap SHY95 dua trén viée
xem xét ti 1¢ phan bo khu vye mua va phan tram phan loai sai cua cé hai phuong phap.

B Mya d6i luu (SVM) B Muya déi luu (SHY95)

@ w{ (b)

B Mua phinting (SVM) @B Mua phan ting (SHY95)
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Hinh 3. Ti 1€ phan bo ctia mua (a) d6i luu va (b) phan tang d6i véi hai phwong phap phéan loai dic
diém mua SVM (mau dd) va SHY95(mau xanh) qua cac dgt mua.

Qua ti 1& phan bd khu vuc diém luéi duoc xac dinh 13 mua phan tang hodc ddi luu boi
hai phuong phap (Hinh 3) c6 thé thiy ca hai déu di xac dinh loai mwa chu yéu 1a phén tang
v6i ti 1& trung binh tir 87,1-99,2%, mua ddi luu chi chiém ti 18 tir 0,1-13,7%. V&i mua dbi
lwu (Hinh 3a) phuong phiap SVM c6 xu huéng phan loai khu vuc mua thip hon so véi
phuong phdp SHY95, v6i phuong phédp SVM ti 1€ dao dong chi tir 0,1-8,0% trong khi do
v6i SHY95 1a tir 0,5-13% khu vuc mua. D6i voi mua phéan tang (Hinh 3b) phuong phép
SVM lai c6 xu hudng phan loai cao hon so véi phuong phap tham khao, ti 1€ xac dinh mua
phan tang véi phuong phap SVM dao dong tir 92,1-99,9 % trong khi d6 SHY95 1a tir 87,4-
99,4%.
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Hinh 4. Ti 18 phan trdim phén loai sai boi phuong phap SVM va SHY95 qua timg dot mua véi mdi
diéu kién xac dinh d6 16n dai sang 2dBZ (a) va 5dBZ (b).

Nham danh gia gia doc 1ap hai phuong phap, ti 1¢ phan tram phan loai sai sé& duoc xem
xét (Hinh 4). V&i ca 2 diéu kién do 16n nham xéc dinh khu vuc c6 su xut hién cta dai sang
nhin chung phan trim phan loai sai di v6i phuong phap SVM thap hon so véi phuong
phap SHY95. Cu thé phuong phap SVM co ti 1& chi dao dong trong khoang tir 0-10%, voi
phuong phap SHY95 ti 1¢ nay dao dong trong khoang tir 2-25%. Xét trén toan bo tap s6 lidu
danh gia (Bang 1), v6i didu kién d6 16n dai sang lan luot 1a > 2dBZ va > 5dBZ trung binh
phuong phap SHY95 c6 lan luot 8,1% va 9,1% khu vuc mua phén tang thuc té di bi phan
loai sai thanh d6i luu. So véi phuong phap SHY95 trong ci hai diéu kién thi phan loai sai
dbi voi phuong phap SVM giam hon mét nira chi con lan luot 3% va 2,9%.
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Bing 1. Trung binh cua ti 1¢ phan trim phan loai sai boi SHY95 va SVM.

Do I6n dai sang

Ph hé
rong phap >2dBZ >5dBZ
SHY95 8.1% 9.1%
SVM 3.0 % 2.9 %

Trong nghién ctru [8] khi danh gid hai truong hop mua la: Duong t6 va Mua dbi luu
trong khu vuc mua phan ting, dua trén xem xét s6 liéu 3 chleu tir Z cho thay phuong phap
SHY95 d6i khi d phan loai sai nhitng khu vurc ¢ mua phan tang voi cuong d6 manh thanh
nhimg 6 mua dbi luu cuc bo 1am xuat hién nhiing khu vie mua dbi luu bén trong khu vuc
mua phan tang dién rong, nhitng khu vuc mua @i luu phén loai sai nay co vi tri bién ddi
16n, thoi gian tn tai ngan khi xem xét lién tuc theo thot gian. Dé xem xét van dé nay ciing
nhu danh gia hiéu qua phuong phap SVM can thiét phai tién hanh nhiing phén tich doc 1ap
trong nhimg truong hop mua thye té khac nhau, do d6 03 truong hop mua bao gém: Puong
t6, Mua phan ting dién rong va Mua ddi luu trong khu vuc phan ting da duoc nghién ctru
Ivra chon xem xét.

a) Truong hop dudng to

Céc d¢am may ddi luu do6i khi xép thanh dai
két thanh mot man may gan nhu lién tuc rong
khoang tir 10-50 km, dai vai tram km doc theo
duong front lanh, chuyén dong theo huéng o6n
dinh hay gay nén gio giat. Dai nay dugc goi la
duong gid giat hay duong t6. Puong t hinh
thanh do khong khi lanh di chuyén nhanh da
day khong khi nong am ¢ phia trude front 1én
cao, tao ra cac 6 may ddi luu sdu (thuong la
may Cb hinh de) dinh lién v&i nhau thanh mot
dai, trén man hinh hién thj cta Ra da duong td ’ R
thudng c6 hinh dang canh cung [1]. Hinh 5 biéu  Hinh 5. San pham MAX cta Z tir Ra da Pha
dién mot truong hop xay ra trén khu vuc quan Din trong truong hop duong to lac 18:10°(UTC)
tric béi Ra da Pha Din vao hdi 18:10° (UTC) N9ay 5/5/2021.
ngay 5/5/2021, dudng t6 ban dau hinh thanh
phia Tay Bic cua Ra da sau d6 mé rong va dich chuyén theo huéng Pong Nam.
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Hinh 6. Két qua phan loai cho
! truong hop duong t6 quan tric
il=ex boi Ra da Pha BDin luc
' 18:10°(UTC) ngay 5/5/202 tir a)
phuong phap SHY95, D)
phuong phap SVM.

216°N | §

205°N 205N

Két qua phan loai dac diém mua (Hinh 6) cho thay thay hai phuong phap da xac dinh
mua trong khu vuc ¢6 dang dai hinh canh cung (g6m tap hop cac 6 d6i luu nbi hen nhau) 1a
mua d6i luu. Tuy nhién v6i phan loai mua trong khu vyc nam phia sau dudng t6 da c6 su
khac biét khi phuong phap SHY95 (Hinh 6a) dd m¢ rong khu vuc phén loai la mua d6i luu
v6i su xudt hién cta cac 6 mua ddi luu co kich thude nho nam riéng 1é bén trong khu vuc
mua phan tang, trong khi d6 phwong phap SVM (Hinh 6b) phéan loai hoan toan khu vyc nay
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12 mwa phan ting. Theo [23] sau khi nghién ciru d dua ra két ludn mua phia sau cac 6 dbi
luu trong trudong hop duong t6 co thé dugc phan loai 1a phan tang boi chuyén dong khong
khi thang dimg trong khu vuc nay yéu hon tc d0 roi ciia cac hat mua, diéu nay thoa man
diéu kién khu vuc c6 mua phén tang.

b) Trudng hop mua phan tang dién rong

Trong truong hop nay toan by khu vuc
quan tric boi Ra da dugc bao phu gan nhu
hoan toan boi mua loai phan tang, voi dac
diém nhan dang khi gia tri Z nho cung véi d6
la viéc ¢6 hodac khong co su xuét hién cua dai
sang dic trung. Hinh 7 thé hién mot trudong
hop mua dién ra vao hoi 11:40’(UTC) ngay
8/%/2021, gia tri Z cuc dai < flOde trén san
pham MAX, c6 thé quan sat thay dwoc su Xuat  yinh 7. San phim MAX cua Z tir Ra da thoi tiét
hién cua dai sang hinh nhan véi gid tri Z  pha Din trong truong hop mua phan ting dién
~40dBZ, cyc dai xung quanh pham vi ban kinh  rong luc 11:40°(UTC) ngay 8/2/2021.
<50km cla Ra da, viéc c6 su xut hién cua dai
sang cho thdy day la mot trudng hgp mua phén tang dic trung [2, 24].

Phuong phép SHY95 (Hinh 8a) trong truong hop ndy dé phan loai sai khi phan loai
mua dbi luu (cac 6 dbi luu nho) tai dung vi tri cua dai sang, diéu nay da tao ra cac 6 nhidu
d6i luu nam bén trong khu vire mua phén tang va lam ting khu vic mua ddi luu. Nguoc lai,
phuong phap SVM (Hinh 8b) di phan loai hoan toan mua phan tang cho khu vuc, v6i dai
sang xung quanh vi tri ctia Ra da ciling duoc phan loai 12 mua phan ting. Dé kiém tra
nghién ctru st dung mot lat cit theo vi do 21048 N (Hinh 8¢) di qua khu vuc duogc phan loai
khac nhau gitra hai phuong phap, qua lat cat co thé thay khu vuc hai phuong phép phan loai
khac nhau thé hién mot cau trac PHVT phan tang vé6i cuc dai Z nam & ~2km, phan bén trén
va dudi cuc dai ndy Z déu giam. Nhu vy viéc phan loai khu vuc ndy 1a mua phan ting
trong phuong phap SVM Ia hoan toan phu h0’p
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25N

Hinh 8. Két qua phan loai cho
\ truong hop Mua phéan tang
n dién rong quan tric tir Ra da
; Pha Pin lic 11:40°(UTC)
8/2/2021 tur: (a) phuwong phap
SHY95, (b) phuong phép
T SVM. Puong mau vang biéu

205°N

I 20000 E0viotrf 14t cd i d6
Phén tino oo Phén ting Do dién vi tri lat cat theo vi do
21%48°N, (c) qua khbi quét cua

0 Ra da.

¢) Trudng hop mua ddi luu trong khu vyre phan ting

Khac voi truong hop duong t6 dd phan tich, ddc trung cia trudng hop mua loai nay do
1a khu vyce dugc bao phu hau hét boi mua phan tang, tuy nhién bén trong khu vyc mua phéan
tang s& co su xudt hién ctia mot sé 6 mua dbi luu méi duoc hinh thanh hodc dang trong qua
trinh tan rd nam riéng ré.
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Trén khu vuc Tay Bic qua sb liéu théng
ké quan tric Ra da trong hai nim nghién ctu
cho thdy trudng hop mua nay chiém phan 16n
cac truong hop mua quan tric tir Ra da thoi
tiét trén khu vue. Hinh 9 thé hién mot dot
mua dién ra vao lac 19:20°(UTC) ngay
7/7/2021 tir san pham MAX. Co thé thdy su
xuét hién cta cac 6 mua d6i luu nim riéng 18
& phia Dong Bic va phia Nam cua Ra da véi
gia tri PHVT cuc dai > 50dBZ bao quanh céc
trung tdm nay la khu vuc mua voi gia tri < -
35dBZ,- Hinh 9. San phim MAX cua Z tir Ra da Pha Pin

Kf:?t qué su dung phuong phap phan loai trong trudng hop mua d6i luu trong khu vuce phan
dac diém mua SVM cho truong hop mua nay  thng luc 19:20°(UTC) ngay 7/7/2021.
duogc biéu dién trén Hinh 10b qua quan sat c6
thé thiy phuwong phap da xac dinh dugc mot s6 6 d6i Iuu 16n ndm & phia Pong Béc va phia
Nam ctia Ra da, phia Pong Béc ciing suat hién cac 6 ddi luu tuy nhién c6 kich thudc nho
hon. Cac 6 dbi luu nay co vi tri trung véi vi tri Z cuc dai trén san phém MAX, cac khu vuc
con lai xung quanh cac 6 d6i luu nay duoc phan loai 13 mua phén tﬁng Trong khi do6
phuong phap SHY95 (Hinh 10a) phan loai c6 sy khac biét khi tao ra rat nhiéu cac 6 d01 luu
nam riéng l¢, c6 kich thude nho ndm bén trong khu vuc dugc xac dinh la mua phén tang,
qua viéc kiém tra trén tap s6 liéu cua ca dot cho thay cac b nay ton tai khong c6 su lién tuc
theo thoi gian.
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Hinh 10. Két qua phan loai cho trudng hgp Mua dbi luu trong khu vuc phan ting quan tric tir Ra
da Pha Din luc 19:20°(UTC) ngay 7/7/ 2021 tir a) phuong phap SHY95, b) phuong phap SVM.
Pudng mau vang biéu dién vi tri 14t cit theo kinh d6 103°23°E ¢) qua khéi quét cia Ra da.

Str dung mot lat cat theo kinh d6 103°23°E di qua khu vuc c6 su phéan loai khac nhau
gifta hai phuong phap (Hinh 10c), c6 thé thay khu vuc lat cit di qua c6 duy nhat mot vi tri
c6 gid tri cuc dai cua Z dang cot théng ding thé hién mua d6i luu & vi tri phia Nam Tay
Nam céch Ra da mot khoang 50-100 km, day 1a khu vuc dbi luu duy nhét cac khu vuc con
lai déu c6 gia tri ctia Z thap, nhu viy phuong phap SVM da phan loai chinh xéc, trong khi
do phuong phap SHY95 ciing xac dinh duoc vi tri mua d6i lIuu nhung cing voi d6 ciing
xuat hién nhiing 6 d6i Iuu nho khéc.
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3.2. Két qud wéc tinh muea

Mot s6 cac nghién ciru trude ddy da chi ra rang viéc phan loai mua ciing nhu st dung
s6 liéu phan cuc co thé lam tang do chinh xac cua lugng mua udce tinh tir Ra da thoi tiét.
Bang viéc sir dung két hop giira s6 liéu tir may do mua tu dong, quan tric Ra da phan cuc
va két qua tir phuong phap SVM. Nghién ciru tién hanh thir nghiém xay dung hé s thuc
nghiém trong cac cong thirc tng véi hai loai dic diém mua. Ngoai ra nhim xem xét hiéu
qua phén loai, nghién ctru ciing st dung mét cong thirc wdc tinh khong sir dung két qua
phan loai SVM (B1) va mdt cong thire dugc tham khao cuia Marshall (B2). Sau khi tinh
toan hé sb trong cac cong thirc duoc thé hién trong Bang 2.

Bing 2. Hé sb trong cac cong thic wéc tinh mura.

STT Ki hiéu Cong thirc Pic diém mwa a b c d
An £ 2,11 0,20 -086 0,19
1 Al  R=az’ZDRKDp!  Ihantang
Déi luu 64,50  -0,03 -2,25 0,50
Phan tang 1,19 0,23 -0,77
2 A2 R = aZ"ZDR¢
Déi luu 3,03 0,28 -2,10
3 A3 R = aZP Phan ting 1,15 0,21
Dbi luu 3,05 0,19
An £ 7,34 0,38
4 A4 R=aKDPb Phan tang
Dbi luu 21,86 0,47
5 B1 R=aZzP Khéng phan loai 1,02 0,24
6 B2 R = aZP (Marshall) Khéng phén loai 0,0365 0,625

Véi muc dich danh gia chat lugng cua cac cong thirc udc tinh mua, nghién ctru da luwa
chon 23 dot mua doc 1ap véi cac dot mua da dugc sir dung dé xay dung cac cong thirc uwdc
tinh lwong mwa dé danh gia. Két qua danh gia duoc biéu dién trong Hinh 11.

Nhin chung tit ca cac cong thirc déu cho RD bién doi qua timg dot mua trong khoang
65-100%, ngoai trir cong thirc B2 ¢6 RD thap nhat tir 10-56% (Hinh 11a), cong thic voi Z
va ZDR (A2, A3 va B1) c¢6 RD cao hon cong thic voi KDP (Al va A4), biéu d6 hop Hinh
11b ciing chi ra RD ~95% ddi v6i A2, A3 cung v6i d6 d6 trai giita (IQR) thap nhat. Vé
trong quan gitta lwgng mua ude tinh tr Ra da va may do mua ty dong (Hinh 11c), cdng
thire voi ZDR va KDP (A1, A2, A4) c6 r cao hon so vai chi st dung Z (A3, B1, B2) trong
d6 A1 ¢6 r cao nhat trong khoang tir 0,30-0,74.

Viée str dung két qua phén loai tir phwong phap SVM c6 twong quan cao hon so véi
khong phan loai mua, biéu d6 hop Hinh 11d chi ra Al ¢6 r cao nhét va thap nhét 1a BI1.
Hinh 11e chi ra RMSE giira cac cap gia tri lwugng mua gitra Ra da va may do mua trong d6
RMSE c¢6 su bién di theo tung dot mua khéac nhau, sai s6 cao ddi voi cac dot mua co
cuong d6 manh (dot 7 va 11) va tuong d6i nho voi cac dot mua co cuong do nho (dot 9 va
18), qua biéu d6 hop Hinh 11f c¢6 thé thdy A1 co sai s6 nho nhat ~1,25 mm, B1 va B2 ¢ sai
s6 16n nhat 1an lot 1a 1,44 mm va 1,34 mm. Nhu vay RMSE clng co cung xu thé nhu d6i
v6i r. Hinh 11g va 11h biéu dién phan bd cua gia tri ME, c6 thé thay hau hét déu cho két
qua udc tinh thap hon so voi gia tri _quan trac O tit ca cac dot. Nguyén nhan dan té1 viée
wée tinh thap c6 thé boi cac quan tric tir Ra da bi anh hudng boi ca sai s6 ngau nhién 1an
sai s6 hé théng gém: su suy giam tin hi€u trong mua, su che khuét bai tin hiéu va viée hiéu
chinh Ra da,...



Tap chi Khi twong Thuy van 2023, 749, 71-84; doi:10.36335/VVNJHM.2023(749).71-84 80

T YR | T T T g T
o Q B

RN W P
ol & TR/
wd

4
"::11‘. £/ =

B0 [=+]

¥,

T @ | 7| o

[z

RD (%)
¥ &
- ';
B
w ){’
RD (%)
¥ &
Q

& 7T 8 9 101112 13 1415 16 17 18 19 20 21 22 23 Al nlz AI] g Ell B2

ot mua
10
—w- Al . A3 & Bl o
- A2 e AR B2
o8 4 08
hd
= A A =
= 06 ] F = 06
s T J.si‘. Kl o 3
Ea F AR v TR & x
o b ‘Ir”u ; ) o i
04 o ) 0.4 “
W o ;ow
o i -
L *\3 . F e & w “)é =
- = e
0z 4 ' % o2
(©) (d)
oo 0.0 - . . : :
1 2 34567 8 31011121314151617 1815 2021 22 23 A1 a2 a3 a4 61 B2
Bot mua
a5 45
- Al - A3 w- Bl
o - A2 - A B2 4.0

2 | () o o °

30

20
I, s
AN
Fa\ [
1 # %/
W
05 4 .*I'

RMSE (mm)
- - ] W w W
(=] o n o N
Ak _wg
‘}‘
i
? =
RMSE {mm)
00
Q
=D

v’ 0s
\
oo

1 23 45 67 8 5101112131415 15 17 18 19 20 21 22 23

] Bl
- A3 82
o5 05
oa . 00
— — a A
E -os ’*. E -os
E E
L0 Y o 8 5
o
[=]
-15 4 -15 =]
L=
20 4 -2.0
(9) (h)
g 25 . - . . . .
1 2 3456 7 8 91011121314 15 16 17 18 19 20 21 22 23 Al a2 A3 e Bl B4

ot mua

Hinh 11. Gia tri RD (a), (b); r (c), (d); RMSE (e), (f); ME (g), (h) gifta lwong mua udce tinh tir Ra
da va quan tric tir may do mua tu dong cho ting dot mua.

Chi s danh gia dbi v6i mdi cong thirc tai nhitng khoang cach khac nhau so véi vi tri
Ra da ciing dugc xem xét danh gia. Hinh 12a biéu dién gia tri RD tai cAc khoang cach trong
pham vi hoat dong ctia Ra da, ngoai trir cong thirc B2 con lai déu c6 RD cao trén 85% va co
it sy thay doi. Biéu d6 hop Hinh 12b cho thiy A2, A3, B1 dat gia tri cao v6i RD trung binh
~95% cung voi d6 1a IQR thap. Hinh 12c chi ra gia tri r giita lwong mua udce tinh tir Ra da
va may do mua, nhin chung r giam khi khoang cach gitta may do mua so véi vi tri Ra da
tang 1én, diéu nay co6 thé do tin hiéu Ra da nhan dugc bi suy giam theo khoang cach. Cong
thirc wdc tinh mua st dung két hop viéc phan loai ddc diém va cac bién phan cyc co r cao
hon so véi khi khéng cé sy phan loai. Biéu d6 hop Hinh 12d cho thidy Al c¢6 r cao nhét
~0,66%, trong khi d6 B1 ¢0 r trung binh thip nhat ~0,38%. Gi tri ME dugc thé hién trong
Hinh 12g,h. Qua hinh 12g c6 thé thiy tat ca cac cong thire déu cho gid tri lwong mua wdc
tinh tir Ra da thap hon so véi gia tri quan tric dao dong trong khoang tir 20-40%, tham chi
B2 cho d¢ 1éch t6i hon 70%. Biéu dd hop hinh 12h cho thay khong c6 su chénh 1énh cia
gia tri ME giita cac cong thirc sir dung bién phéan cuc, phéan loai va khong phén loai mua.
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Hinh 12. Gia tri RD (a), (b); r (c), (d); RMSE (e), (f); ME (g), (h) gitta lwong mua udc tinh tir Ra
da va quan tric tir may do mua tu dong tai timg khoang cach.

Al A2 a3 P B1 B2

Biéu do phan tén giira cac cdp gia tri lugng mua udc tinh tir Ra da (R) va lugng mua
quan tric tir may do mua (G) v6i mdi ccong thire ude tinh mua duge thé hién trong Hinh 13.
Trong hinh cac dudng net dit biéu dién duong hodi quy tuyen tinh dudi dang R = aG+b cua
cac cap R-G qua tat ca cac dot mua, c6 thé thay duong hdi quy cua tit ca cac cong thirc
mua déu nam bén dudi duong mot - mot cho thy tat ca déu cho két qua udc tinh luong
mua thdp hon gid tri quan tric tir may do mua ty dong. Cong thic két hop giira viéc phan
loai ddc diém mua va sir dung cac bién phan cuc c6 két qua tot hon so véi viée khong phan
loai va chi sir dung Z (gan véi duong mot - mot nhat). Trong d6 cong thic R (Z, ZDR,
KDP) cho két qua t6t nhat, v6i lugng mua c6 gia tri <5 mm cho két qua tuong ddi gan sat
véi gia tri quan tric, nguoc lai voi lwong mua trén > 5 mm thuong cho két qua thap hon gia
tri quan tric.
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Hinh 13. Biéu d6 phén tan giita lugng mua udc tinh tir Ra da va quan tric tir may do mua di véi
ting cong thirc mua.

4. Két luin

Nghién ciru di tap trung phan loai mua bang quan tric radar phan cuc cho cac hé thong
mua trén khu vyc tiy bic bang cac ap dung thuat toan hoc may SVM. Két qua cho théy
phuong phap SVM ¢6 xu hudng phan loai thap khu vuc mua ddi luu va phan loai cao d6i
voi khu viee mua phan tang hon so v4i phuong phap tham khao SHY95. Bing viéc st dung
chi tiéu dai cho thdy phuong phap SVM di han ché dugc sai s6, khi chi dudi 10% khu vuc
c6 dai sang bi xac dinh sai 1a mua ddi luu. Véi 03 truong hop mua dugc xem xét, phuong
phap SVM di khic phuc duoc mot s6 cac khu vuc di bi phéan loai sai boi phuong phép
SHY95 nhu: mua phia sau duong td, vi tri dai sang xung quanh Ra da bi xac dinh 1a mua
ddi luu.

Déi v6i wdc tinh luong mua qua danh gia cho thdy lugng mua udce tinh tir Ra da c6 xu
huéng thap hon gid tri quan trac tir may do mua. Cong thirc sir dung cac bién phén cuc co
gi4 tri tuong quan cao va sai sé nho hon chi sir dung gia tri ciia Z. Cac cong thic co su
phan loai dic diém muwa c6 d6 chinh xac cao hon so voi viéc khong phan loai. Cong thirc
R(Z,ZDR,KDP) tng véi hai loai dic diém mua ¢ r cao nhat va sai s6 RMSE thap.

bong gop cua tac gia: Xay dung y tuong nghién ciru: N.K.Q,, P.T.T.N.; Xu ly sO ligu:
N.K.Q.; Viet ban thao bai bao: N.K.Q.; Chinh sura bai bdo: N.K.Q., P.T.T.N.

Loi cam on: Bai bdo hoan thanh nh¢d vao két qua cta luén van thac si: “Phan loai dac diém
mua va udc tinh mua bang quan trac Ra da phan cuc cho khu vuc Tay Bac”.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap lgi ich trong nhom tac gia.
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Study on the classification of rain characteristics and rainfall
estimation by dual-polarization radar observations for the
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Abstract: Rain can generally have convective and stratiform characteristics, associating
with the different processes of cloud microphysics development which leads to differences
in intensity, time and area of rain. Using dual-polarization radar observations in the
Northwest region, the study applied the Support Vector Machine classification algorithm
for classifying rain characteristics. The classification results are then used to find the
empirical coefficients in the rainfall estimation formulas based on the Least Squares
Method. The evaluation shows that with the proposed method, only less than 10% of the
areas with bright bands are wrongly identified as convective rain, the method has also
overcome some misclassifications compare to the reference method in some specific rain
cases. Rainfall estimation results show that the estimated rainfall is lower than the
observed values, the formulas with the classification of rain characteristics and using dual-
polarization variables have better results than the formulas using only the of Z, in which
the formula R (Z, ZDR, KDP) provides the highest correlation and the smallest error.

Keywords: Classification of rain characteristics; Support Vector Machine; Northwest
region.



