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TOM TAT

Dong nude chay xa b xudt hién tai cac bai bién, dic biét 1a cac bai tim bién du lich, tiém
an nguy co téi an toan cia ngudi boi do cuong d6 manh, xuét hién dot ngot va bat thudng, doi
khi dong nudc chay xa bd ¢é thé kéo ngudi boi ra xa véi van tde 1 — 2.5 m/s. Trén thé gidi noi
chung va ¢ Viét Nam noi riéng, hang nim cé nhiéu truong hop duge ghi nhén tir vong boi dong
nudc chay xa bo. Mic du vay, dong nude chay xa bo thuong khé nhén biét va phat hién bang
mat thudng. Nghién ciru nay dé xuét giai phap st dung mo6 hinh mang noron tich chap dé phat
hién cac dong nudc chay xa b trén cac bii tim thong qua anh chup dinh ky tir cac thiét bi bay
khong nguoi 14i. M6 hinh phat hién cac dong nudce chay xa bo dat do chinh xac 90.19% trén tap
dir liéu kiém tra va véi tbc d6 15 khung hinh trén gidy. Két qua nghién ciru 1 tién d& dé xay
dung tng dung trong cac hé théng giam sat bo bién nham hd trg cho nhan vién bd bién phat
hién nhanh dong nudc chay xa bd dé dua ra cac canh bao tdi nguoi boi.

Tir khéa: dong nuée chdy xa bo, hé thong gidm sdt bo bién, mang noron tich chdp, thiét
bi bay khong nguoi ldi.

RIP CURRENT DETECTION BASED ON UAV IMAGES
AND CONVOLUTIONAL NEURAL NETWORK

ABSTRACT

Rip currents are powerful, narrow seaward flows of water in the surf zone. Rips can
appear in any beach environment because they are dependent on wave breaking. Their
formations are given by wave characteristics, coastal morphology, and wind. From the beach-
safety aspect, rip currents could be considered as one of the most dangerous threats to bathers,
pulling swimmers away with a speed of 1 — 2.5 m/s. Hence, it leads to a lot of unfortunate
consequences. However, rip currents are often difficult to detect and recognize by naked-eye
observation. This paper proposes a new method for detecting rip currents using a convolutional
neural network and images collected by an unmanned aerial vehicle. The proposed system
achieves an accuracy of 90.19 % on the testing set with the support of 15 frames per second.
The results are a premise for building a real application in coastal monitoring systems to detect
rip currents.

Keywords: coastal monitoring systems, CNN, rip currents, UAV.
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1. PAT VAN PE

Dong nudc chay xa bo (RC — Rip current)
la dong nudc manh dugce tao thanh theo hudng
tir bo hudng ra bién. Thong qua song bién, gio
v dia chit ctia bd bién, RC c6 thé xuét hién &
bat ky ving bo bién nao (Sinnett & Feddersen,
2014). Hinh 1 thé hién mot RC da duoc st
dung myc tim dé 1am néi bat. Dong chay cia
RC kéo dai tir bo ra xa gan 40 m.

Hinh 1. Biéu dién RC thyc té (Brander va cs., 2011)
Viét Nam c¢6 mét viung bo bién dai trén
3200 km (khong tinh viing bd bién & cac déao
nho). Ving bo bién kéo dai xuyén sudt 28
tinh, thanh phd va Ia noi sinh séng cta gan 20
triéu ngudi. Vang bo bién dong vai trd quan
trong trong viéc phat trién kinh té cua dat
nudc, dic biét trong phat trién dich vu du lich.
Trong viéc phat trién du lich bién, viéc giam
thiéu nguy co, rui ro gy ra boi cac dong chay
xa bo 13 can thlet Dic biét, gin day, cac
phuong tién truyen thong lién tuc truyén di
cac thong tin vé€ cac vu tai nan gay ra boi RC.
Do vdy, viéc xay dung va phat trién hé thong
ty dong phat hién va canh bao vé cac RC

trong khu vuc 1a vAn dé nén duge quan tam.

Hon mot thap ky qua, mang noron tich
chép (CNN) da va dang la mét hudng nghién
ctru noi bat trén thé gidi trong linh virc nhan
dang va phat hién dbi tuong. Tu sau khi c6 su
ra doi cia mang AlexNet (Krizhevsky va cs.,
2012) cung véi cac hé thong phan ctng dugc
phat trién bt kip v6i nhu cau sir dung. Céc
mo hinh mang CNN tiép tuc duoc ning cip
va cai tién dé dat dugc cac két qua vuot troi
ca vé do chinh xéac va thoi gian xu 1y.

Trong bai toan nhan dang dbi tuong, nhiéu
md hinh tiéu biéu co thé dwoc ligt ké nhu
YOLOV4 (You Only Look Once version 4)
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(Bochkovskiy va cs., 2020), SSD (Single
Shot Detector) (W. Liu va cs., 2016), R-CNN
(Region Based Convolutional Neural
Network) (Girshick va cs., 2014), Fast R-
CNN (Girshick, 2015), Faster R-CNN (Ren
va cs., 2015).

Mot cach don gian, dé co thé thuc hién
mot du doan tir cac anh/video dau vao, cac
anh/video s& dugc chuyén qua mang CNN da
duoc huin luyén dé thuc hién céc phép bién
dbi tich chap qua céc 16p tich chap khac nhau
dé thu duoc cac trong sb trén cac ban dd dic
trung (feature maps). Cac dac trung nay sau
do6 s€ duoc tiép tuc thuc hién vai cac phép
bién ddi phi tuyén nhim thu duoc cac dic
trung cbt 16i nham muc dich phan loai va
nhan dang dbi tugng.

Trong nghién ctru nay, ching t6i tiép tuc
khai thac mang CNN dé thyuc hién bai toan
nhan dang RC tir anh chup bang cac thiét bi
bay khong nguoi lai (UAV). Béng gop cia
bai béo cu thé la:

— Théo luan cac nghién ciru gan thyc hién
bai toan nhan dang RC tir anh str dung tri tué
nhan tao (Al) hoac séu hon 1a CNN.

— Pé xuit cach tiép can méi trong viéc
nhéan dang RC tir anh thu dugc bdi UAV voi
d0 chinh xac cao.

2. PHUONG PHAP NGHIEN CUU

2.1. Cac nghién ciru lién quan

Hinh 2. Anh chup bd bién SAm Son thu dwgc
béi UAYV cia tac gia
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UAV di tré nén phd bién boi nhiéu wu
diém nhu: dé dang thuc hién cac thao tac
chup tai nhitng dia diém ma con ngudi khod
thao tac; d6 phan giai cia anh chup cao; co6
thé bay theo dinh ky dé thu thap dit liéu. Hinh
anh thu dugc mang tinh bao phu cao va truc
quan, nhu dugc biéu dién & Hinh 2.

Nhiéu bo dit liéu chuén cho bai toan nhan
dang ddi tuong véi anh/video thu thap duoc
boi UAV di duoc cong bd (Du va cs., 2018;
Yu va cs., 2020) cho cac hé thong nhan dang
d6i tuong noi chung nhu: phuong tién giao
thong, duong phd, san ga, v.v..

Trong g?m muoi ndm trd lai day, nhan
dang cac RC trong anh/video da dugc tap
trung nghién ctru nhiéu hon trong cong dong
hoc thuat boi nhimg anh huong cua cac hién
tugng RC tdi cudc song Mot sb nghién ctru
dién hinh s& duoc chi ra dudi day.

Nghién ctru sir dung thude nhuém dé biéu
dién tryc quan cac dong RC nham huin luyén
cho nguoi boi cach thoat ra khéi RC (Brander
va cs., 2011) mic du kho thue hién va trién khai
nhung lai 12 mot cach tiép can tuyét voi gitp
cho nguoi xem co thé hinh dung dugc cAu tao,
quy mé va dién bién ctia cac RC tai bd bién.

Céc nghién ctru st dung cac cong cu phan
ciing nhu cam bién séng, may do giao dong
song am (Elgar va cs., 2001), hodc cac
module ndi sir dung cac bo cam bién va dinh
vi GPS dé do dac va dinh vi cac RC (Castelle
va cs., 2014) c6 thé danh gia va woc luong cac
RC ¢ d6 chinh xac cao. Tuy nhién, mot sb
nhuge diém gdp phai nhu: chi phi va gia
thanh cao; ton thoi gian va van hanh boi cac
chuyén gia; phai do dac hoa dia hinh mdt cac
k¥ ludng méi co thé trién khai diéu d6 anh
huodng to1 viéc nhan rong ctiia cac mo hinh.

Cung véi su phat trién cua nganh khoa hoc
thi gidc mdy tinh (computer vision) va cac
nén tang phan ctmg manh mé, nhiéu nghién
cuu gan day da dugc thuc hién dé xac dinh
cac RC trong anh va video. Mori va cs. (2022)
da d& xuét sir dung k§ thuat phan tich luong
quang (optical flow) dé phat hién cac RC
trong video. Két hop cac ky thuat tryc quan
hoa sy di chuyén cua cac ludng RC, phuong
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phap dat d6 6n dinh khong nhing vé d6 chinh
xac trong nhan dang ma con vé d6 1o rang va
truc quan.

Rashid va cs. (2021) d& xudt mé hinh
RipNet st dung mo hinh tich chép tu giai ma
(autoencoder-based method) véi mang co s&
(base model) st dung mdé hinh Tiny-
YOLOV3 dugc tién huan luyén trén mo hinh
COCO02017.

RC c6 thé ton tai & nhiéu hinh thu khac
nhau do c4u tao ciia dia ting tai mdi viing bién
nhat dinh. Mot vai loai RC xuét hién véi mau
sdc trong d6i dic trung cia 16p bun trim tich
cia day bién (sediment plumes. Chinh nho
diéu nay, Y. Liu & Wu (2019) da sir dung mo
hinh khong gian mau HSV (Hue, Saturation,
Value) dé nhan dang RC. Phu(mg phéap nay
chi dat hiéu qua cao trong mot sO trudng hop
cu thé chir khong mang tinh tong quat cao.

Nghién ciru ctia Maryan va cs. (2019) nd
luc tim ra cac déc trung chinh cua cac dong
RC thong qua viéc st dung cac dac trung
Haar (Haar features) va dé xuét két hop dic
trung moi tim dugc cua RC voi 5 dac trung
khéc cua Haar cb dién. Sau do6 st dung mot
s6 thuat toan hoc may (machine learning) dé
huin luyén va phan loai cdc RC trong anh.
Mot s6 phuong phap hoc may da dugc sir
dung nhu: Ciy quyét dinh (Decision tree),
Rimg ngau nhién (Random forest), SVM,
mang noron (Neural network). Tuy nhién,
dic trung Haar méi ma nghién ctru dé xuat 1a
tuong d6i nhay cam véi cac didu kién khac
nhau vé anh thu nhan duoc tir méi truong.

Luén an cua Sun (2020) st dung dir liu
thu dugc tir cac thiét bi UAV sau d6 ap dung
phuong phap phan tich ludng quang (optical
flow) thong qua cac thuadt toan Lucas-
Kanade, HOR Lucas-Kanenda, va Horn-
Schunck dé xac dinh sy chuyén dong bat
thuong cia cac diém trén bé mat nudc bién
ctia ving chira RC va cac ving nudc bién
thong thuong. Tuy nhién, phuong phap nay
dat do chinh xac twong ddi thap, chi dudi
70%. Ngoai ra, gidi phap nay dugc danh gia
la it c6 kha nang ap dung rong rai trén cac
vung bién khac nhau.
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Nhiam cung cép thém tinh da dang trong
nghién ctru vé cac mo hinh nhan dang RC tir
anh, trong nghién ciru nay, chung t61 deé xuat
phuong an tlep can mai giai quyet bai toan vé
nhan dang RC str dung UAV va xay dung giai
phap chuyén dbi sb cho cong tac dam bao an
toan tai cdc bai bién du lich. Mot thuc té
khong thé phu nhan khi tim hiéu thyc trang
cac bai tam hién tai ¢ Viét Nam, phan 16n

Hinh anh
o

A

cong tac dam bao an toan, phat hién cac nguy
co, rui ro l1a dya vao lyc lugng nhéan vién bo
bién quan sat bang mat thuong.
2.2. Pé xuit cach tiép cin méi

Trong nghién ctru ndy, chiing t6i d& xuat giai
phép nhan dang cac RC tai bd bién mot cach tyr
dong thong viéc st dung cac thiét bi UAV. M6
hinh dé xuat duoc biéu dién & Hinh 3.

Nhan vién ciru h§

( Drone chup anh

\ V) \ /

L\/ ‘ Nhan dang RC l L\ { Danh gid, xac thue

A

@

Co s dir lieu
huan luyén

Module Al

Co so dir liéu
quan ly

Hinh 3. M6 hinh dé xuét

Dau tién, thiét bi UAV ma chung toi de
xuat st dung 1a dong DJI Mavic! véi mot sb
vu thé: ¢ thé truyén tin hiéu hinh anh thu
thap dugc tryc tiép tbi da téi 15 km vé bd xir
ly trung tdm (server); hi¢u nang su dung pin
cao va c6 thé bay trong pham vi 30 km, dleu
nay phu hop trong viéc giam sat cac bai tim.
Nhiém vu cua thiét bi UAV 1a bay theo dinh
ky dé giam sat cac khu vyc tim va duoc cai
dat thoi gian bay bdi ngudi quan 1y cho phu
hop dua vao tinh hinh thyc té.

Thiét bi UAV s& truyén hinh anh thu thap
vé may chi mot cach truc tiép va tai day,
chiung t6i dé& xuit sir dung mé hinh mang
YOLOv4 (Bochkovskiy va cs., 2020). Tuy
nhién, viéc xur 1y li€n tuc cac video voi do
phan giai cao dwoc truyén theo thoi gian thuc
vé may chu gay mét ap luc 16n 1én hiéu ning
véan hanh cta hé théng. Do vay, ching t6i dé
xuat giai phap chi chon 5 khung hinh trén mdi

1 https://www.dji.com/products/mavic
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gidy cua video dé thuc hién qua trinh nhan
dang. Pay la mot ky thuat thudong duoc st
dung khi x1r Iy cac video c6 d6 phan giai cao.
Théng thuong cac video niay cé toc dod
khoang 25 — 35 khung hinh/gidy. Viéc lay
mau theo budc nhay 13 5 giam su qu4 tai trong
qué trinh xir 1y trong khi vin dam bao vé noi
dung cua cac khung hinh.

YOLOV4 1a phién ban cai tién thtr tu ctia
mo hinh mang noron tich chap dugc dé xuét
boi nhém nghién ctu tir Google. Phién ban
dugc biét t6i v6i do chinh cao va thoi gian xir
li nhanh. Céu tric ciia YOLOv4 dugc chia
lam bdn phan chinh: backbone (xwong song),
neck (cd), dense prediction (du doan day dic)
— st dung cac mo hinh mét trang thai nhu cac
phién ban YOLO cii, spare prediciton (du
doan thua thdét) — st dung cac mo hinh hai
trang thai nhu R-CNN (Girshick, 2015).
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Ngoai cac cai tién v& mo hinh dy doén,
nhim néng cao tinh da dang trong huan luyén
md hinh, YOLOV4 st dung rat nhiéu cac cai
tién vé ting cuong dir lidu nhu: cit va tron
(cutout/mixout), ky thust Mosaic két hop 4 anh
dau vao vao mdt anh nham tao su phong phu
cho ndi dung anh. Mac du da c6 mot s6 phién
ban nang cdp cua md hinh YOLO nhu
YOLOvVS, YOLOv7 tuy nhién md hinh
YOLOV4 van dugc danh gia cao boi tinh on
dinh vao hi€u qua cao trong bai toan nhan dang.

Sau khi sir dung mé hinh YOLOv4 dé
nhéan dang viéc c6 hay khong xuét hién cta
RC tai khung hinh hién tai, do tinh chét quan
trong cua viéc phat hién cac RC nén can mot
quan tri vién 1a nhan vién ctru hg xac thyc lai
céc canh bao dé tranh viéc mo hinh dua ra cac
canh bao sai (false alarm).

Trong trudng hop phat sinh cac RC trong
khung hinh giri vé boi thiét bi bay UAV, cac
bién phap nghi€p vu sé dugc dua ra bdi lyc
luong giam sat bd bién nham t6i thiéu hod
nguy co gay ra bdi cac RC. Ngoai ra, céc su
kién nay s€ dugc cép nhat lai trong hé théng
quan 1y nham phuc vu cho cong tic quan 1y va
danh gia trong co s& dir li€u. Trong pham vi
nghién ciru cia bai toan, trong phan tiép theo,
chung t6i s€ danh gia hi€u nang cia mé hinh
v6i viée danh chii yéu cho mé hinh YOLOv4
trong nhan dang céc dong RC tur anh.

Pong gop ctia nghién ctru 1a dé& xuat quy
trinh nhan dang cac RC tir anh dugc thu thap
bdi UAV. Chung t6i danh gia tinh kha thi cta
vi€c sit dung mo hinh YOLOvV4 trong cac
kich ban nay.

Ngoai ra, dé ting cudng d6 chinh xac cua
viéc huén luyén moé hinh, chung t6i dé xuit
sir dung cac ky thuat ting cuong dit li¢u trong
tap dir liéu co san va dit liéu tu thu thap, gan
nhan. Chi tiét duoc trinh bay 6 muc 3.1.

2 https://github.com/heartexlabs/labellmg
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3. KET QUA VA THAO LUAN
3.1. Dir liéu
Dé chuén bi dit liéu cho viéc huin luyén
mo hinh, chiung t6i da st dung hai giai phap:
— Str dung cac anh thu :[heflp mot cach thl]}
cong tir cac cong cy tim kiém trén website dé
tang cuong dir liéu huén luyén moé hinh.
Théng qua st dung cac cong cu tim kiém,
chl'mg toi da thu thap dugc hon 200 anh biéu
dién cac RC. Sau do, sir dung cong cu gan
nhén Labellmg? dé khoanh ving cua cac RC
trong anh.

— Sir dung b0 dir liéu chuén duge cung cép
boi (de Silva, 2021) bao gdm 1740 anh biéu
dién RC, 700 anh khong phai 1a cac RC cac anh
c6 d6 phan giai dao dong tir 1086916 toi
234x234 pixels 1a cac anh chup trén khong
(aerial images) do d6 phu hop vai ngit canh va
kich ban trong nghién ctru nay. Mot s6 hinh anh
trong bd dir liéu dugc trinh bay lai ¢ Hinh 4.

;

With Rips

Without Rips

Hinh 4. Minh hoa anh trong bj dit li¢u
(de Silva va cs., 2021)

B6 dir liéu chung t6i ty thu thap s€ duogc
st dung dé tién hun luyén mo6 hinh. Sau do6,
bo dit liéu cua de Silva va cs. (2021) sé duogc
cAu hinh theo ti 1& 50: 10: 40 twong Gng v&i
dir liéu huin luyén, dit lidu xac thuc, dit lidu
kiém tra.

3.2. Giao thirc va thang do

pé thuc hién huén luyén cho mé hinh,
chung t6i st dung cac dir liéu dugc mo ta &
muc 3.1. Cau hinh file huan luyén véi mét so
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tham s0 chinh nhu sau:

— Kich thudc anh: 608x608

— 86 luong kénh: 3

— Momentum: 0.949

— Learning rate: 0.01

— Batch_size: 32

— Epochs: 250

Chung t6i sir dung Google Colab dé huin
luyén m6 hinh boi day la mdi truong duoc
cung cap hoan toan mién phi cua Google voi
cau hinh may chi dam bao cho viéc huan
luyén cac mo6 hinh CNN.

Pé thuc hién viée danh gia mo hinh, ching
toi st dung thang do 1a mAP (mean average
precision), thang do danh gia d6 chinh xéc
chung ctia m6 hinh nhan dang. Néu chi s6 nay
cang cao ching té hi€u qua lam viéc cua mo
hinh trong nhin dang cang t6t. Cong thirc mod
ta & phuong trinh
X P(R) dR,

— N

TP

~ TP+ FP’
TP

mAP =

= TPt FN
trong d6 TP 1a sO luong cac mau nhan dang
ding dbi tuong, FP la s6 luong cac mau nhan
dang nhdm ddi twong, FN 1a sb lugng céac
mau bi bd sét trong qua trinh nhan dang, N 1a
tong s6 lugng mau nhan dang.

3.3. Két qua thwc nghiém

Két qua cua qua trinh huan luyén ctia mo
hinh duoc biéu dién & Hinh 5.

metrics/precision metrics/recall

0.8 o.8

0.6
0.6
0.4

02 0.a
0.0 0.2
o 100 200 o 100 200

metrics/mAP_0.5:0.95
0.8

metrics/mAP_0.5

0.8
0.6

0.6

0.4
0.4

0.2
0.2

0.0 0.0

Hinh 1. Biéu dién qua trinh huén luyén md hinh

3 shorturl.at/drvyz
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Nham ting tinh thuyét phuc cho mé hinh
dé xuét sir dung, chiing t6i sir dung thém mot
s6 m6 hinh YOLOv3 (Redmon & Farhadi,
2018), Fast R-CNN (Girshick, 2015).

Biing 1: Két qua danh gia ciia md hinh dé
xuat st dung so v6i mo hinh khac

Mo hinh P§ chinh xac trung
binh mAP (%)
M0 hinh dé xut 90.19 %
YOLOv4
YOLOV3 83.76 %
Fast R-CNN 86.22 %

Bang 1 thé hién két qua cua viéc danh gia
mo hinh YOLOV4 véi cac mo hinh khac. Mo
hinh d& xuét hoat dong trén tap kiém tra voi
mAP (%) 14 90.19%, tot hon so v6i mé hinh
Fast R-CNN gan 4% va v6i YOLOV3 1a gan
7%. Cling luu y thém, d¢ chinh xac trung binh
mAP duoc tinh tai gia tri iy do do IoU?
(Intersection over Union) bang 0.5. Mot sd
két qua truc quan ciia qua trinh nhan dang
dugc nhin r6 ¢ Hinh 6. Hinh 6 (a) minh hoa
cho cac anh khong chira RC, trong khi do
Hinh 6 (b) biéu dién cho cac RC duoc nhan
dang boi mo hinh va biéu dién bang cac hinh
chir nhat d6 bao quanh.

Hinh 2. Hinh anh biéu dién két qua nhén
dang ciia m6 hinh
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Dé trién khai mo hinh 1én hé théng cua
chung t6i v6i hé thdng may chu ¢ cau hinh
Intel(R) Core (TM) i5-10400F CPU @ 2.90
GHz c6 RAM 16 GB, 4 x NVIDIA T4 GPU
with 16GB, chiing t6i dé& xuit mohinh hoat
dong véi toc do gan 15 FPS (frame per
second). Sau khi nhting mé hinh véo hé thong
hoan chinh cta chung t6i, tbc d6 nhan dang
ctia md hinh 1a xap xi 3.5 FPS. Diéu nay van
dam bao téc do xir 1y kip thoi cho cac canh
bao néu xuét hién cac RC thong qua hinh anh
giri vé tir cac UAV.

4. KET LUAN VA HUONG NGHIEN
CUU MOI

Trong nghién ciru nay, chung toi da dé
xuat mé hinh hoat dong tu dong cho bai toan
nhan dang RC xéy ra & cac bai bién. Trong
do6, chung t6i su dung md hinh mang
YOLOv4 dé thyc hién nhiém vu nhan dang
RC xuat hién trong cac hinh anh dugc giri vé
tir thiét bi UAV. M6 hinh dat d6 chinh xéac
90.19% trong tap dir lidu kiém tra véi toc do
gan 15 FPS va dat téc do 3.5 FPS khi trién
khai trén toan bo hé thong.

Do diéu kién thoi gian eo hep, trong
nghién ctru nay, chung t6i chura thu thap dwoc
nhiéu dit liéu thuc té tai cac bai bién & Viét
Nam. Do d6, trong tuong lai gin, ching t6i s&
tiép tuc xay dung bd dir licu chuén cho céac
bii bién ¢ Viét Nam nham cung ¢d dd chinh
xéc ctia md hinh phat hién cac RC dé hé thong
c6 thé trién khai va lép dat thuc té.

Mot huéng nghién ciu tiép theo 1a xdy
dung cac module sir dung k¥ thuét thyc té 40
(virtual reality) dé tao ra cac kich ban nhiam
muc dich gido dyc thanh thiéu nién vé RC va
cach tu xur 1y khi roi vao trong vung cia RC.
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