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Tém tit: Bai bao trinh bay tng dung phuong phap hoc sau dé xac dinh vi tri va phan loai
x04y thuan nhiét do1 (XTND) mdt cach tu dong. Phu’O’ng phép hoc sau trong bai bao la tng
dung mang no-ron tich chap hai luéng (CNN) cling cac dic diém theo khong gian va thoi
gian cua dit liéu v€ tinh dia tinh. B dit li¢u v¢€ tinh dia tinh Himawari-8/9 cho cac XTND
trén Tay Béc Thai Binh Duong va Bién Pong tir nim 2015 dén nam 2019 da duoc thu thap
va str dung trong nghién ctru. Pau vao bd sung cho phuong phap hoc sau 1a vecto chuyén
dong khi quyén (AMV) duoc tinh toan tir dir liéu vé tinh lién tiép theo thoi gian. Két qua
cho thdy kha nang tmg dung cao ctia phuong phap hoc may trong bai toan nhan dang XTND.
Ngoai ra, mdt thir nghiém cu thé cho con bao Doksuri vao niam 2017 cho thdy kha ning
canh bao sém trudce so voi phat bao cua Co quan khi tuong Nhat Ban (JMA).

Tir khoa: Nhan dang bdo; Mang no-ron tich chap hai ludng.

1. Mé dau

Xo04ay thuan nhiét doi (XTND) c6 déac trung chinh la viung gié xoay véi duong kinh c6
thé t6i ‘hang tram km, gi6 thoi X0dy vao trung tam theo hudng nguoc chiéu kim d6ng ho (khu
vuc Bic Ban Cau) ap suét khi quyén (khi ap) trong XTND thip hon xung quanh, hinh thanh
trén cac ving bién nhiét déi va khi quan sat trén dir liéu vé tinh (Himawari) thuong 1a mot
dang cAu tric xoan tir cac hé thong may dbi luu phat trién. Theo T4 chirc khi tuong thé gidi
(World Meteorological Organization-WMOQ), XTND thudc vao nhom loai hinh thién tai dirg
dau gom bao, 1ii lut, han han, chay rimg, 15 dat va dong dat, song than gay thiét hai 1on vé
ngudi va cia trén thé gisi. Dé giam thiéu tac hai cia XTND, trong nghiép vu du bao XTND,
mot trong nhitng yéu cau chinh dit ra 1a giam sat duoc XTND trong diéu kién thuc té, gdm
vi trf tim ctia XTND, cuong d6 cia XTND, ving anh hudng (xac dinh theo cac cip gié manh,
vi du ban kinh viing gié manh > 10,8 m/s timg v&i cap 6 trong thang stic gié Beaufort, hodc
theo viing mua 16n do hoan luu XTND). Thong tin nay cho phép trién khai cong tac canh bao
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nhiing tac dong do XTND géy ra nhu gi6 manh giy do cdy, toc mai nha..., mua I6n gay i
lut, ngdp ung, gian doan giao thong ... va qua do xay dung cac kich ban ung pho dé dam bao
an toan v€ tinh mang cua con ngudi, giam thiéu thiét hai vat chat va on dinh hoat dong san
xuét kinh té (trén dat lién va trén bién) cho ving chiu anh hudng boi XTND.

Dé xac dinh vi tri, cuong d6 bao thoi gian thyc, phuong phap chu yeu dugc str dung la
phuong phap Dvorak (DT) va nhimg nam gan day, cung voi sy phat trién cua thé hé cam
bién trén céac vé tinh khi tuong thé hé méi va kha nang tinh toan ciia may tinh, két hop véi sy
tich Ity 1au nam kinh nghiém cuia dy bao vién va nhiing thanh tyu méi cua cong nghé tu dong
hoa, viéc ty dong phén tich va udc luong cuong do bao nhiét doi bang céac hé thong may tinh
da trd nén kha thi hon rat nhiéu, tao tién dé dé phuong phap Dvorak cai tién (Advanced
Objective Dvorak Technique - ADT) ra doi. Mac du vay, cac phuong phap DT, ADT van con
nhiéu sai s6 va mang tinh chu quan khé nhiéu, chi tiét danh gia trén khu vuc Bién Dong duoc
trich dn trong tai liu [1, 2].

Viéc g dung tri tué nhan tao (Artificial Intelligence- Al) trong bai toan giam sat vi tri,
cuong do XTND tir quan tric vé tinh, radar dugc xem 1a nhitng thé manh thuc su ciia cong
nghé Al théng qua Gmg dung cong nghé nhan dang véi cic mau tim kiém 1a cac mau dang
may bao khac nhau [3]. Ngoai dit liéu vé tinh thudn ty, cac dit liéu gian tiép tir vé tinh gobm
thong tin truong gié khi quyén AMV (Atmospheric Motion Vector - xac dinh tir dit lidu vé
tinh do dac lién tuc theo thdi gian), thong tin trang thai bién tir cac dit liéu vé tinh cyc cling
dong gop trong viéc cai thién chat luong giam sat XTND bang Al [4-6]. Mot sb cong trinh
lién quan dén xac dinh cuong do XTND nhu sir dung kién tric mang no-ron tich chap
(Convolution Neural Network - CNN) va dit liéu anh v¢ tinh kénh phd hdng ngoai (IR) dé
xac dinh cuong d6 cua XTND [7]. Két qua cta nghién ctru cho sai s6 trung binh quan phuong
(RMSE) xap xi ~ 5m/s. Phuong phap phan loai hinh anh dya trén mé hinh Visual Geometry
Group (VGG) vdi bién thé 19 16p dé ude tinh cuong d6 XTND tir dit liéu vé tinh da pho giai
doan tir nam 1996 dén nam 2016 trén khu vuc Tay Bic Thai Binh Duong [8] cho cac két qua
cho sai s6 RMSE ~ 6,5 m/s. Str dung dir liéu kénh pho vi song (microwave, cac kénh vi song
37, 85-92 Ghz) cua vé tinh qui dao cyc dé udc tinh cuong do XTND thong qua kién tric
CNN su dung 2 toén tur tich chép (2D-CNN) [9]. Cac két qua dat duoc v6i sai 0 RMSE ~
7.2m/s. Cac sai s6 cua ccac cong trinh nay déu kha twong dwong véi sai s6 ctia phuwong phép
thdng ké va mo hinh s6 (NWP).

Trong van dé dy bao sy hinh thanh XTND sir dung dir liéu vé tinh, cac cong trinh chu
yéu st dung cac phuong phap phan cym du liéu. Dién hinh gdm nghién ctru st dung phuong
phap cay quyét dinh (Decision Tree-DT) dé khao sat cac nguyen nhan hinh thanh XTND
[10], St dung thuat toan tong hop phan loai AdaBoost trong viéc du doan sy phat trién cua
hé thong d6i luu c6 td chirc (Mesoscale Convective System-MCS) trén bién va danh gia kha
nang MCS s& phat trién thanh XTND [11].

Hoat dong ctia XTND c6 tinh chat ldp di ldp lai, vi du xu thé di 1én phia Bic vao dau
mua bdo & Tay Béc Thai Binh Duong. Do d6 cac thong tin vé nhitng XTND ¢6 ¢ dic diém
tuong tu trong qua khtr (quy dao va cuong do) cho phép bd sung céc thong tin trong nhitng
ban tin du bao, dic biét 1a cac hé qua ma cac XTND tuong ty di giy ra [12—14]. Day 4 tién
dé cua viéc ung dung tri tu¢ nhan tao Al trong bai toan tim kiém XTND c6 dic diém tuong
tu trong qua khu.

Al trong du bao XTND c6 thé chia 1am 5 khia canh: Dy bdo sy hinh thanh, du b4o quy
dao, du bao cuong do, du bao thoi tiét XTND va tac dong cuc doan cua nd, giup cai thién két
qua dy bao tor mo6 hinh 6. Mdi mot khia canh sur dung nhirng thuat toan khac nhau sao cho
phil hop nhét. Cu thé:

Ddi v6i du bao su hinh thanh, muc tiéu cudi cung cua Al 1a tao ra cac du bdo xac suét
vé mot khu vue ¢b dinh trong thoi gian thuc va dy bao dinh lugng vé thoi gian va dia diém
hinh thanh XTNPD. O giai doan nay, Al c6 kha ning du doan liéu cac tién than co phat trién
thanh XTND hay khong va tin suét theo mua cia sy hinh thanh XTND trong mdi khu vuc.
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Céc thuat toan dién hinh duoc sir dung nhu ciy quyét dinh (DT), hdi quy logistic (LR), May
vecto hd trg (SVM), CNN, Hé thdng tiép can lai (Hybrid) [15].

Dbi vi du bao quy dao XTND, cac mo hinh Al thudng bat ngudn tir phuong phép thong
ké, tc 1a str dung cac dac diém cua chinh XTND, céc bién khi tuong va dai duong lién quan
dé du doan vi tri ctia XTND va day dugc coi 1a 4nh xa phi tuyén. Céc thuét toan duogc s
dung nhu DT, CNN, Mang no-ron hdi quy RNN, ConvLSTM (Convolutional Long-Short
Term Memory), phan cum Clustering, mang no-ron truyén thiang nhiéu 16p MLP (Multilayer
perceptron) [16].

£)01 v6i du bao cudng do, do thiéu cac tham sat tai cho nén dir lidu vé tinh 12 ngudn dir
lidu rt quan trong. Phuong phéap dién hinh dé du bao truc tiép cuong do la lay toan bd duong
di ciia XTND lam thanh mét chudi va sir dung MLP hoidc RNN dé du doan cudng do & cac
thoi diém tlep theo duya trén cuong do cua thoi diém hién tai. Cac thuét toan hoc may cé thé
ké t&i nhu: DT, SVM, rimg ngau nhién (RF), MLP, CNN, RNN, Hybrid, thuat toan phan cum
(K-means), Transfer learning (Hoc chuyén giao) [17].

Trong phan tiép theo ctia bai bao sé& trinh bay chi tiét vé dir liéu sir dung va phuong phap
hoc may tng dung tir bai toan nhan dang vat thé dén chuyén doi sang bai toan phan loai va
xéac dinh vi tri XTND mot cach ty dong. Phan 3 trinh bay mot sd két qua danh gia két qua
thir nghiém cho cac XTND trén T4y Bic Thai Binh Duong va Bién Pong tir nim 2015 dén
nam 2019. Mot s6 két luan chinh dugc dua ra trong phan 4 ctia bai bao.

2. Dir liéu va phwong phap nghién ctru
2.1. Dir liéu nghién curu

Al phy thudc vao dit liéu va qué trinh xay dung va trién khai h¢ thong Al doi hoi b dir
liéu l6n va da dang. Trong nghién ctru, dir liéu Al gom dit li¢u vé tinh diaﬂ tinh chira céc thong
tin bue xa khi quyén the hién hinh thai bdo va dit liéu quy dao bao chuén (best-track) ding
dé thiét 1ap dinh danh théqg tin trén dir liu hoc, bao gom vi tri XTND ¢ dau trén dir liéu vé
tinh va dugc phan loai & cap do nao.

2.1.1. Dit liéu quy dao bio chuan (Best-track)

Best-track cua RSMC Tokyo (JMA-Nhat Ban) dugc dung cho viéc huén luyén mo6 hinh

Al. Best-track duogc lay tir trang web chinh thirc ctia JMA, thoi doan tir nam 2015 t6i 20109,

dinh dang file text. Pham vi thu thap di liéu XTND cua best-track, IMA nam trong mién xac
dinh 0°-60°N, 100°E-180°E (Hinh 1).
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Hinh 1. M6 phong mién thong ké cua best track.
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Best-track bao gdm thong tin vé vi tri va cuong d6 cia XTND tir khi hinh thanh téi khi
ra ngodi pham vi quan tric. Bang 1 dua ra théng ké s6 luong cip d6 XTND duoc xac dinh
trén best-track gdm ap thap nhiét d6i (TD), thanh bdo (TS), bio manh (STS), siéu bio (TY),
tan ra hodc di chuyén ra khu vuc ngoai nhiét déi (L).

Bang 1. Théng ké s6 mau thir duge sir dung cho hoc may giai doan 2015-2019.

Nam/Phin loai XTND TD TS STS TY L
2015 209 272 140 447 149
2016 216 174 110 216 85
2017 256 216 142 169 84
2018 321 260 124 311 108
2019 315 226 137 249 119

2.1.2. Dt liéu vé tinh Himawari

Himawari-8/9 1a vé tinh dia tinh do co quan khi twong Nhat Ban van hanh va dugc phong
va dua vao van hanh vao lac 2:00 UTC ngay 7 thang 7 nam 2015. Trén Himawari-8/9 chira
AHI (Advanced Himawari Imager) 1a cam bién do dac 16 kénh pho (3 kénh thi pho, 3 kénh
can hong ngoai va 10 kénh hong ngoai) véi d6 phan giai khong gian tir 500 m dén 2 km. Cu
thé, do phan gidi khong gian cua Himawari-8/9 1a 0,5-1km d6i voi dai thi phd va 1-2km d6i
v6i dai hong ngoai va can hong ngoai.

2.1.3. Dit liéu trich xuét vecto chuyén dong khi quyén

AMV la dir li¢u quan tric vé vecto chuyén dong cua khi quyén duoc thu thap tir cac hinh
anh vé tinh. AMV do ludng su di chuyén ctia ddm may va cac thanh phan khéc ctia khi quyén,
thong qua viéc theo ddi su thay ddi vi tri ctia cac ddi tuong khi twong trén cac hinh dnh vé
tinh lién tuc. Nhu vy, AMV c6 thé cung cép thong tin vé hudng va téc do gid ¢ cac ting
khac nhau ctia khi quyén, gitp cho viéc nhan dang dé dang hon. Bén canh d6, AMV rét hiru
ich khi theo ddi XTND vi trén dai duong cic quan trac c6 rat thua thot. AMV ciing thé hién
tinh “thoi gian-temporal” trong dit liéu dau vao cho mé hinh Al. Trén thuc té, trong qua trinh
phan tich anh may vé tinh, cac du béo vién ciing st dung ki thuat looping dé theo ddi hoan
lwu xodn ciia XTND. Trong nghién ciu ung dung phuong phap twong quan cuc dai
(maximum correclation) gitra 6 lui muc tiéu (target) trong mot mién tim kiém gi6i han
(search domain). Nghién ctru nay sur dung ludi dir li€u target c6 do phan giai 7x7 pixels cho
cac kénh anh do phan giai 500m va 28x28 pixels cho cac kénh anh c6 d6 phan giai 2km. Mbi
mot trich xudt AMV tai thoi diém t s& duoc tao ra béng cach so sanh su dich chuyén cua khi
quyén tai thoi diém t-10phut, t, t+10phut. Vi dy, dé c6 AMV lac 15h00, phuong phap sé so
sanh su tuong quan gitta anh vé tinh lac 15h00 véi anh vé tinh lac 14h50 va 15h10. Vi moi
0 ludi, thudt toan s€ tinh toan, so sanh sy twong dong gitra anh v¢ tinh tai thoi diém t véi t-
10phat va t+10phit. Vi tri 6 hé s6 twong dong cao nhit thé hién sy twong (mg ciia tung 6
luoi trong timg anh. Ttr d6 s€ tinh dugc sy dich chuyén bang thuat toan twong quan mau véi
ham muyc ti€u 1a sy twong dong 16n nhét. Chi tiét tham khéo tai tai liéu ki thut cia JIMA theo
duong dan https://www.data.jma.go.jp/mscweb/technotes/msctechrep62-4.pdf do Shimoji
Kazuki thiét 1ap nam 2017.

2.1.4. Dit 1iéu duogc gan nhan

Gan nhan hinh anh 13 qué trinh gan nhin cho cac d6i tuong trong anh, gitp cho céc thuat
toan ctia mo hinh c6 thé nhan dién dugc cac ddi tugng d6. Mot bo dir lidu co 2 phan chinh:
hinh anh va chu thich cua ching.

- Céc anh Himawari-8/9 duoc sap xép thanh mot hé thong phéan cip cac thu muc, véi thu
muc cép cao nhit chtra cac thu muc con cho céc tap huén luyén, danh gia va kiém tra.
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- Mdi chii thich trong tap dir lidu bao gdm cac thong tin sau: Tén tép hinh anh; mién xac
dinh vi tri XTND theo Quy dao bao chuan (bao gé)m toa do lat, lon cua tAm bao, chiéu rong
va chiéu cao ciia mién), phan loai XTND (Ap thép nhiét d61, Bdo, Bao manh, Siéu bdo, Bao
ngoai nhiét doi).

Tap dit lidu st dung dinh dang csv cung cip thong tin vé tit ca hinh anh, minh hoa dudi
day 1a cdu trac cua tap dir liéu:

"class_name": "Tropical Dep

"image_file": "

Hinh 2. M6 phong file dir lidu csv, vi du vai tén file dir liéu (image_file) tmg v6i kénh phd hong
ngoai 1a IR2020091500.jpg, vung XTND dugc xac dinh qua cac toa dd x1, Y1, X2, Y2 va phéan loai véi
thong tin trudng class name.

2.2. Phuwong phap Al cho bai toan nhan dang va xac dinh vi tri XTND tu dong

Al c6 thé hiéu don gian 1a cac chuong trinh may tinh (thé hién cu thé cta cac kién tric
Machine Learning/Deep Learning) va nhiém vu cdt 15i 1a xay dung cac mé hinh toan hoc sir
dung s liéu voi mau da 16n dé dua ra suy luan tir tap mau (d6i twong can hudng téi co duoc
két qua phén tich va du bao) [18].

2.2.1. Phuong phap nhan dang d6i tugng bang mé hinh Al

Thuat ngit “Nhén dang ddi tuong” 1a st dung thi gidc may tinh dé xac dinh cac ddi tuong
trong anh. C6 3 nhiém vu thi giac may tinh co ban giup nhan dang dbi tuong:

- Phan loai hinh anh: Dy doan nhin cia mot doi tuong trong anh.

- Pinh vi ddi tugng: Xac dinh vi tri ctia cac d6i tuong trong anh dudi dang mién dinh vi
d6i tuong (cac 6 chit nhat duoc v& bao quanh dbi tuong - bounding box)

- Phat hién d6i twong: Xéc dinh vi tri cta dbi trong trong mién dinh vi va nhin cta ddi
tuong do.

Hién nay trén thé giéi nhan dang dbi twong bang thi gidc may tinh dugc Ung dung rat
nhiéu, vi du nhu nhan dang bién sd xe, nhan dang khu6n mat, xe tu 1ai, ... Mot s6 h¢ thong
mg dung Al dién hinh vao nhan dang ddi tugng gom:

- H¢ thong YOLO (You Only Look Once) 1a mdt mo hinh nhan dang dbi tuong thoi gian
thue cho phép nhan dang nhiéu déi twong trong mot hinh anh mot cach nhanh chong va chinh
xéc [19]. Bo dit liéu (Dataset) duoc st dung cho viéc huan luyén mé hinh 14 COCO (Common
Objects in Context), mot bo dit liéu 16n chira hon 1,5 triéu hinh anh v6i hon 80 loai dbi twong
khac nhau.

- Faster R-CNN (Region-based Convolutional Neural Networks) 1a mot kién trac mang
hoc sau duoc sir dung phd bién trong nhén dang d6i twong [20]. Dataset pho bién 1a Pascal
VOC (Visual Object Classes), bo dit liéu gdm nhiéu hinh anh chira cac ddi twong khac nhau
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duoc gan nhan. Faster R-CNN co6 thé dugc sir dung dé dém va theo doi hanh khéach trong san
bay.

- SSD (Single Shot MultiBox Detector) 1a mot mé hinh nhan dang d6i twong thoi gian
thue c6 kha nang nhan dang nhanh chong va hiéu qua [21]. Dataset phd bién duoc dung dé
huén luyén mang 1a MS COCO (Microsoft Common Objects in Context) gdm hang ngan hinh
anh dugc gan nhan cac di twong khac nhau.

- RetinaNet 1a m6 hinh nhan dang déi tugng dugc phat trién boi nhom nghién ctru tai
Facebook Al Research (FAIR). Pic diém ndi bat ciia RetinaNet 1a kha ning nhan dang dbi
tuong voi do chinh xac cao ¢ nhiéu ty 1& khac nhau, ngay ca khi tip dataset chira dit liéu bj
mAt can bang gifta cac 16p (cac dbi twong nay c6 thé xuat hién nhiéu hon dbi trong khac).
RetinaNet da dugc ching minh 1a ¢6 hi¢u suét cao trong nhan dang déi tugng trén nhiéu bo
dwr liéu khac nhau nhu COCO va Pascal VOC. RetinaNet dugc st dung trong giam sat an
ninh, xe ty 1ai, nhan dang ddi tuong trong hinh anh y khoa, ... [22].

Nghién ctru s& tmg dung 16p bai toan nhan dang nhung ddi twong 1a XTND, nhimng vat
thé phan loai khac nhau tmg véi cap do XTND va vi tri XTND trén di liéu anh-vé tinh tng
v6i vi tri “vat thé” XTND dugce xac dinh trén dir liéu anh-vé tinh. Chi tiét s& dugc trinh bay
trong phan tiép theo.

2.2.2. Ung dung cho bai toan nhan dang XTND

Theo trung tam JMA-RMSC Typhoon Center thi XTND s¢€ chia thanh 6 dang trong do
¢6 5 dang chinh, minh hoa tai hinh 3.

Hinh 3. Minh hoa cac mau
may phén loai XTND theo
IMA.

M6 hinh Al dugc xdy dung nhim nhan dang XTND trén anh vé tinh dja tinh, cu thé:

- Phan loai d6i tugng: Du doén nhin ciia XTND trong anh, phan loai XTND 1a Ap thap
nhiét do1, Bao, Bao manh, Si€u bao hay Bao ngoai nhiét d¢i. Pay cling chinh la nhan dang
cuong do XTND.

- Pinh vij dbi trong: V& cac mién dinh vi xung quanh ddi tuong, véi tim mién chinh 1a
tam XTND.

- Phat hién dbi tuong: V& cac mién dinh vi déi tuong kém theo nhan cua chung.
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2.2.3. Thiét lap tap dir liéu dataset cho bai toan nhan dang XTND tir dit liéu Himawari

Mo hinh Al nhén dang XTND la mot mang khong gian - thoi gian. Anh Himawari- 8/9
¢ dang riéng 1¢ s€ cung cap thong tin vé vi tri XTND, dic diém vé miu mdy - tinh chét vé
khong gian. V& phan thot gian, anh Himawari du6i dang lién tyc 10 phut mot thé hién céc
chuyén dong cta khi quyén chinh 1a trich xuit AMV. Tir dit liéu thé 13 anh Himawari-8/9 va
sb liéu best-track, tao ra co s& dit liéu bao gém anh AMV va Anh dugc ga‘in nhén lam dau
vao cho viéc hudn luyén mé hinh AL

/ Input model\

D liéu tho

Anh vé tinh :

Khéi tinh AMV

\—

Tap Training

Khéi gan nhan
tw déng

Tap Thir nghiém

Best track

é?g;oinl pé?r . D@ liéu duoc gan nhén
% | vi tri ghi nhan /

Hinh 4. So db thiét 1ap dit liéu cho bai toan ng dung hoc sau nhan dang XTND.

2.2.4. M0 hinh Al ResNet ing dung cho bai toan nhan dang XTND

ResNet, hay Residual Networks 1a mot loai kién triic mang no-ron sau (deep neural
network) véi vai tro hoc tap phén loai hinh anh. Muyc tiéu chinh cua giai doan nay la gan nhén
16p cho hinh anh XTND theo timg cip d6. Két qua hoc tap ciia Resnet 14 tao ra bo tham sd
chtra cac tinh nang dic trung cho viée nhan dang XTND, 1am dau vao cho mé hinh Retinanet
nhan dang & budc tiép theo. Piém manh ciia ResNet 1a c6 thé giai quyét van dé do sau trong
mang no-ron, cy thé 1a van dé vé bién mat dao ham (vanishing gradient) trong qua trinh dao
tao cac mo hinh hoc sau.

Vé cau triac, ResNet thé hién cdu triac ciia mang CNN (Hinh 5). Mang CNN 1a mot kién
triic hoc sau dugc ap dung rong rai nhu mot mo hinh rat hiéu qua trong viéc phan tich hinh
anh hodac dir liéu giéng hinh anh dé nhéan dang mau. CNN dugc cAu trac theo cac 16p: mot
16p dau vao két ndi véi dit liéu, mot 16p déau ra két ndi véi cac dai luong dé e tinh va nhidu
16p an & gilra. Cac 16p an ctia CNN thuong bao g6m cac 16p tich chap (convolutional layers),
cac lop tong hop (pooling layers), cac 16p dugc két ndi day du (fully connected layers) va
cac 16p chuan hoa (normalization Iayers) Céc 16p phuc hop trich xuét cac dac trung cua hinh
anh. Céc 16p tong hop loc gia tri t6i da cua cac dac trung nay dé giam s lugng cac dic trung.
Céc 16p duogc két ndi day du thuong nam & cudi cia mang CNN, s& dong vai tro két ndi moi
no-ron trong mot 16p véi moi no-ron trong 16p khac. Mot mang CNN c¢é thé bao gom nhiéu
16p tich chap va nhiéu 16p tong hop. Uu diém ciia CNN 1a c6 thé hoc cach nhan dang cac
mau khong gian bang cach khai thac tat ca cac phan cua hinh anh duoc xir 1i theo cach tuong
tur, va do d6 c6 thé trich xuét cac tinh ning ty dong trong khi giam dang ké s luong tham sb.

Mot trong nhiing thach thirc 16n khi dao tao mang no-ron sau 1a viéc truyén nguge dao
ham qua nhiéu 16p. Khi bat dau huan luyén, cac trong s6 cia mot mé hinh hoc sau dugc khoi
tao ngﬁu nhién. St dung dir li¢u dau vao, mo hinh s& du doan nhin dau ra dua trén céc trong
sb ban dau. Su khac biét gitra nhan thuc va nhan du doan dugc do béng mot ham mét mat
(loss function). Sau do, cac gradient (dao ham) ctia cac ham mat mat duoc sir dung trong qua
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trinh tinh toan cac thong s mo hinh méi dé giam thiéu tdi da sy chénh 1¢ch gitra nhan thyc
va nhan duoc dy doan. Toan by qua trinh nay dugc goi la lan truyén nguoc (Back
Propagation). Sau khi lan truyén nguoc, trinh t6i wu hoa (optimizer) s& cap nhat cac trong s6
mo hinh va tat ca cac bude nay duogc lip lai cho dén khi ham mat mat duoc danh gia trén dit
lidu thir nghiém hodc huén luyén giam xubng murc chap nhan duoc (md hinh lic ndy dugc

xem la hoi tu).

ResNet Mang kim ty thap ddc trung Mang phan loai + hdi quy

‘ V4 V4
7 |
Mang phénloai : /%! / '
+hoi quy | Mang g /_// ,_-_?" |
|

| | phan loai
p| WxH desad WxH
Mang phénlogi : x256 | x4 || x256

+hdi quy
1 / ¥
| /
Mangphanloai |, | .‘/ ./
“
WxH 4...5p|| WxH

+hoi quy
X256 | x4 %256

|
}

"' Mang

| i / /
|

V| - -

Hinh 5. Kién triic mang RetinaNet.

Trong qua trinh nay, gradient c6 thé giam dang ké khi di qua nhiéu 16p, dan dén hién
tuong bién mat dao ham. Piéu nay 1am giam kha niang hoc ctia mé hinh va lam  tang kho khan
trong viéc ddo tao cic mang no-ron sau. Khi mang hoc cang sau (cang nhiéu 16p), gia tri
gradient giam xudng 0, khién céc trong s6 khong cap nhat va két qua 1a khong c6 qua trinh
hoc nao duoc thuc hién

ResNet gidi quyét vin dé nay bang cach sir dung cac “khdi phan du” (residual blocks)
dé xay dyng kién tric cia mang. Thay vi chi hoc biéu dién cua dir liéu ddu vao, ResNet hoc
su chénh léch gitta dir liéu dau vao va dau ra (doan du). Myc dich ctia mang Resnet 13 cho
phép tao ra mang no-ron véi do sau 16n.

Cu thé, mot doan du trong ResNet dugc biéu dién nhu sau:

Output = ReLU(Weightxinput+Shortcut)

Trong d6 input 1a dau vao ctia doan du; Weight 1 trong s6 cta 16p convolution; Shortcut
1a duong ngin (shortcut connection), thudng duoc thém vao dé lam cho kich thudc cia dau
ra bang vé6i dau vao.

28.2
25.8
152 layers
A
\
\
b 16.4
\
. 11.7
22 layers 19 Iayers

3 57 l I 8 |ayers 8 layers shallow

ILSVRC'15  ILSVRC'14  ILSVRC'14  ILSVRC'13  ILSVRC'12  ILSVRC'11  ILSVRC'10
ResNet GoogleNet VGG AlexNet

Hinh 6. Minh hoa tinh hiéu qua cta viéc sit dung mang Resnet trong nhin dang anh so vdi cac
kién trac mang khac (GoogleNet, VGG,...) trong do chi s6 trén cac biéu do cot img v6i xac suat
16i xay ra khi nhan dang (link gbe anh minh hoa:
https://www.researchgate.net/publication/321896881 Iris_Recognition_with_Off-the-

Shelf CNN Features A Deen Learnina Persoective).
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Nho vao co ché khéi phan du, mé hinh ResNet c6 kha ning hoc cac biéu dién phuc tap
ma khong gip van dé vanishing gradient. ResNet d chirng minh sur hiéu qua ctia minh trong
nhiéu nhiém vu thi gidc may tinh, nhu nhan dién hinh anh va phén loai (Hinh 6).

Mang hoc sau duoc st dung cho bai toan nhan dang XTND tmg dung cu the trong nghién
ctru la Retinanet (Hinh 5), vé ban chit RetinaNet 1a mot mang tong hop bao gom:

- Mot mang xuong sdng co tén 1a Mang kim tu thap dic trung (Feature Pyramid Net),
duoc xay dung dua trén mang ResNet va chiu trach nhi¢m tinh todn cac ban dd dac trung
tich chap cua toan bd hinh anh.

- M6t mang con chiu trach nhiém phan loai débi tuong (class subnet), cu thé & day 1a nhan
dang cuong do XTND.

- Mdt mang con chiu trach nhiém thyuc hién hoi quy tim ra mién dinh vi d6i tuong thé
hién vi tri cia XTND (box subnet).

Minh hoa téng thé thiét ké mang Resnet cho bai toan nhan dang XTND cy thé nhu sau
(Hinh 7): Chudi thoi gian cua anh v¢ tinh co thé duoc phan tach thanh cac thanh phan khong
gian va thoi gian. Dbi v6i phan khong gian, ¢ dang hinh anh riéng 1¢ s¢ mang thong tin vé
XTND dugce md ta trong hinh anh. Bdi voi phan thoi gian, ¢ dang chuyén dong cua khi quyen
qua céc hinh anh lién tuc (thé hién bai trich xuat AMV), s& thé hién cuong d6 va hudng gid.
Vé co ban, phan thir nhat 14 sir dung mang Resnet hoc dong thoi cac dic diém khong gian va
thoi gian, sau d6 két hop voi nhau bang thuat toan chuan hod L2 xép chong. Sau do, cac dic
trung s€ dugc sir dung lam dau vao cho mo hinh Retinanet hoc tdp nhan dang vi tri va cuong
do XTND.

Region Proposal Network

Feature 1

Sliding [murr- map

(=
|
| mm.. |
|

Stacked Features

| |l o o |

Objectike regions proposed | ‘ ,,,,,,, |
in feature map | nm,

e

h.am

Trich xudt
Atmospheric Temporal Stream Feature 2
Motion Vectors (ResNet54)

Hinh 7. Ciu tric mang khong - thoi gian dé nhan dang XTND.
2.2.5. Phuong phap danh gia
Lién quan dén bai toan danh gia do tin cay trong nhan dang, hién nay da s sir dung chi
s6 Intersection over Union (IoU) trong hinh 8a.

Area of Qverlap
loU =

Area of Union

(@)

Hinh 8. Minh hoa tinh toan chi sé d tinh cdy trong nhan dang (a): trong d6 Area of Overlap 1a dién
tich ving giao nhau giita ving du bao va viing ton tai thuc cua XTND, Area of Union bao gdm dién
tich phan hop ctia ving du béo va ving ton tai thuc ciia XTND va (b): M6 ta vé chi s6 IoU, dudng
bao tréng: dudng bao thuc vi tri bdo. Pudng bao cam, xanh: dudng bao du doan vi tri bao.
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IoU déc trung cho ti 1¢ do luong gitra mirc d§ giao nhau cua hai dudong bao (duong bao
du doan va duong bao thuc), vi du vé duong bao duge mo ta trong Hinh 8b. Gid tri IoU
thudng nam trong khoang tir 0 dén 1, vi 0 thé hién gitra du bao va thuc té khong co sy gidng
nhau va 1 thé hién du bao hoan toan khép voi thuc té. Mot nguong IoU s& dugc xac dinh
trude dé quyét dinh xem mot du bao c6 duge coi 1a chinh x4c hay khong. Thong thudng,
ngudng IoU dugc chon 1a 0,5, vdoi: du bao dugc cho la chinh xac (IoU > 0,5), du bao khong
chinh xac (loU < 0,5) va khéng nhan dang dugc.

Ngoai ra, tir chi sb IoU s& xéac dinh ti 1& phat hién dung (True Positive - TP), sai (False
Positive -FP), khong nhan dang dugc (False Negative - FN) dé tinh ra chi s6 mAP. TP thé
hién md hinh du béo ding sy ton tai cia XTND, FP thé hi¢n md hinh du béo dugec XTND
nhung khong chinh xac so vdi thyc t&, FN thé hién mé hinh khong dy bdo dugc XTND trong
khi thuc t€ c6 XTND.

mAP hay con goi 12 duong cong Precision-Recall. Precision (D9 chinh xéc) 1a thang do
dic trung cho d6 chinh xac ciia dy bao, 1a ty 1é giita sd trudng hop du bao dung trén tong sb
cac truong hop du bao. Recall (B bao phu) 1a thang do dac trung cho do t6t cta kha nang
tim thdy ving dy bao chinh xac (hay con goi 1a d¢ nhay cua phuong phap), la ty 1¢ gitra so
truong hop du bao ding trén tong sd cac trudng hop co ton tai XTND, xac dinh theo cac
cong thie (1).

: Recall = TP

TP
Precision = 1
ecisio TP+FP’ TP+FN (1)

Gia st c6 N ngudng dé tinh Precision va Recall, véi mdi ngudng cho mot cap gia tri
Precision, Recall 1a Pn, Rn, V6i n=1,2, ..., N. Precision-Recall Curve duoc vé bang cach noi
tung diém toa 6 (Pn, Rn), minh hoa tai Hinh 10.

1.0 ——- No Skill
Logistic
0.9 1
- 0.81
2
A
w
v
%07
0.6 4
059 === e
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Recall

Hinh 9. Vi du vé duong cong Precision-Recall.

Khi d6 AP duoc xac dinh bang:

AP = Zn % 2

n

mAP 12 trung binh AP cua tit ca cac 16p. mAP 1a chi sé tin cdy trung binh ctia phuong
phap, day sé& 1a chi sb dinh lugng dé danh gia ti 16 nhan dang thanh cong cua phuong phap
nhén dang su dung Al

V& s6 liéu sir dung dé danh gia, cac gia tri toa do dugc nhan dang bai phuong phap Al
s& duoc so sanh v6i quy dao Best track ctia Nhat Ban tai cung thoi diém twong tng,
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3. Két qua va thao luan

3.1. Trueong hop thir nghiém cu thé cho con bao Doksuri nam 2017 trén Bién Pong

Pé minh hoa cu thé kha nang nhan dang cia h¢ théng ddi v6i con bdo Doksuri nam 2017
hoat dong trén Bién Pong va db bo va mién Trung (Hinh 10), khi bdo Doksuri hoat dong trén
khu vuc Bién Dong di dat cap do manh nhat (TY) voi gidé manh cap 13, giat cip 15 va khi
dd bd vao dat lién dat cép 11-12, giat cép 14. Két qua nhan dang xac dinh cuong d¢ dugc
dua ra twong mg tai hinh 11 cho thay d6 do tong hop mAP dat 93,1% va danh gia thém cho
thdy hé théng da cho phép canh bao kha ning phat hién sy hinh thanh ciia bio trude 24h so
v6i thoi diém dau tién duoc JMA phat béo.

LT
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gm %P floing Sa 1wy el
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88885 0. 000 c
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Q. Treong Sa
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Hinh 10. Quy dao di chuyén cta bio Doksuri (Ngudn: Trung tdm Dy bao khi twong thuy van qudc gia).
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Hinh 11. Két qua nhén dang cho con bao Doksuri naim 2017 tai mot s6 thoi diém cu thé. Khung dinh
vi mau tring ing véi dit lidu tir best-track ciia IMA, cac khung hinh mau d6 (TD), mau xanh (STS)
va mau da cam (TS) ng v6i khung hinh phén loai nhan dang tu dong cua hé thong.
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3.2. Két qud nhén dang cho giai doan 2015-2019

Trong bang 2 dua ra két qua thir nghiém voi 427 mau thir v6i 3 lya chon dau vao khac
nhau cho mo hinh nhan dang RetinaNet bao gé)m chi str dung anh v¢ tinh, chi sir dung dir li¢u
AMV va dong thoi sir dung ca hai dau vao dit liéu anh két hop AMV. Két qua cho thiy khi
sir dung riéng biét anh may vé tinh, md hinh co thé nhan ra Typhoon tét nhét vai ty 18 1én toi
88,18%. Piéu nay dong nhat vdi phuong phap AMVs khi nhan dién duge 60,67% s6 luong
méu thir Typhoon. Khi st dung dong thoi ca hai phwong phap nay, kha nang phat hién
Typhoon ctia Al dugc cai thién 1én 89,13%.

O tit ca 5 loai mau thir, viéc két hop ca anh vé tinh va AMVs déu cho thay Al nhéan dién
t6t hon khi stir dung riéng biét ting phuong phap. Cai thién tot nhat co thé thdy duoc & 94
mau thir Tropical Depression khi kha ning phét hién ting 1én t6i 60.78% so véi sir dung riéng
anh vé tinh (34,51%) hay AMVs (10,69). Pbi voi viéc cai thién nhan dang Tropical
Depression cho thiy tiém ning trong van dé canh bao va dy bao trude sy hinh thanh cua bio.

Bang 2. Két qua so sanh mAP d6 nhan dién 6 dang XTND ung vdi dau vao anh, AMV va két hop

anh va AMV.
Phin loai Mau _dz’mh Image AMVs Image + AMVs
‘ gia RetinaNet mAP  RetinaNet mAP  RetinaNet mAP
Tropical Depression 94 34,51 10,69 60,78
Tropical Storm 109 52,44 12,87 66,95
Severe Tropical Storm 45 33,28 19,35 42,30
Typhoon 103 88,18 60,67 89,13
Extra-tropical Cyclone 76 38,93 7,71 57,24
Trung binh 427 52,69 23,69 66,62

4. Két luan

Nghién ctru da trinh bay chi tiét viéc tmg dung phuong phap hoc sau dé xac dinh vi tri
va phan loai XTND mdt cach ty dong. Mang hoc sau dugce sir dung cho bai toan nhan dang
XTND la Retinanet trong d6 mang xwong séng cé tén 1a Mang kim tu thap dic trung chiu
trach nhiém tinh toan cac ban dd dic trung tich chép cua toan bd hinh dnh, mft mang con
chiu trach nhi¢ém phan loai ddi tuong trng voi nhan dang cuong Ao XTND va mot mang con
chiu trach nhiém thuc hién hoi quy tim ra mién dinh vi d6i tuong thé hién vi tri cia XTND.

Vi bo dit liéu Himawari cho cac XTND trén Tdy Bic Thai Binh Duong va Bién Pong
tir nam 2015 dén nam 2019 da dugc thu thap, mo hinh da dugc thir nghiém va két hop voi dir
liéu b sung thong qua dir liéu vecto chuyén dong khi quyén. Két qua tinh toan da cho thiy
kha nang tng dung cao cua phuong phap Al trong bai todn nhan dang XTND va véi ti 1€ tin
cdy cao trong xac dinh phan 16p TP ciing cho thdy kha ning canh béo sém ca sy hinh thanh
cua XTND.

Pong gop cua tac gia: Xay dung y tuong nghién cou: L.V.H., D.D.T., B.Q.H.; Lua chon
phuong phéap nghién ciru: L.V.H., L.Q.D.; Xt Iy s6 liéu: T.H.H., L.Q.D., L.V.H.; Phan tich
mau: T.H.H., C.T., N.-T.H., M.K.H.; Ldy mau: D.T.T., C.T., L.Q.D.; Viét ban thao bai bao:
D.D.T., C.T.; Chinh stra bai bao: C.T., D.D.T.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong co su tranh chap loi ich trong nhém tac gia.

Loi cdm on: Nghién ctiru dugc hoan thanh dua trén sy hd tro cua Dé tai nghién ctru khoa hoc
“Nghién ctru xay dung hé thong tri tué nhan tao ing dung trong du bao xo4y thuan nhiét déi
(XTND) ¢ Bién Dong va anh huéng dén Viét Nam han dén 3 ngay”, Ma s: KC-4.0-46/19-
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25, thuéc Chwong trinh “H$ trg nghién ciru, phét trién va tmg dung céng nghé cia cong
nghi¢p 4.0, BO Khoa hoc va Cong nghé.
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Application of deep learning for identifying and early warning of
tropical cyclones in the Northwest Pacific basin and East Sea
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Abstract: In this study presents a deep learning (DL) application to detect tropical cyclones
(TCs). A two-stream Convolution Neural Network (CNN) which captures both spatial and
temporal features of time-series of geostationary satellite cloud images (SCIs) is proposed.
A dataset of Himawari-8 SClIs of TCs over Western North Pacific and East Sea from 2015
to 2019 are processed. Additional inputs for DL relating to tropical cyclone circulation
features are atmospheric motion vector (AMV). Results show that our model can
significantly improve the performance of TC detection. Moreover, our case study for the
detection of TC Doksuri in 2017 yielded promising results as our proposed model is capable
of detecting and early warning TC formation 24 hours prior to the first time reported by the
(Japan Meteorological Agency) JMA.

Keywords: Tropical Cyclones detection; Two-stream Convolution Neural Network.
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