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MO PAU
1. Ly do chon d@ tai

Trong cong tac giam sat va bao vé chu quyén bién dao, viéc phat hién, nhan dang va phan loai
muc tiéu tau bién c6 y nghia dic biét quan trong, nhit 1a d6i véi luc luong Hai quan va cac
hé théng radar canh giéi ven bién. Hién nay, cic hé thong giam sat bd bién chi yéu dua trén
hai loai cam bién chinh 14 radar va camera giam sat.

Radar dong vai tro chu lyc trong viéc phat hién va theo do1 muc ti€u ¢ cu ly xa, hoat dong on
dinh trong moi diéu kién thoi tiét va thoi gian ngdy dém. Radar cung cp céc thong tin quan
trong nhu vi tri, tbc d6 va hudng di chuyén ctia muc tiéu, cho phép phat hién sém cac nguy
co va cham, xdm nhép trai phép hodc hoat dong bat thuong trong ving blen quén ly. Tuy
nhién, tin hi¢u radar chi phan anh dc tinh dién tir cia muc tiéu, khong cung cap hinh anh truc
quan, do d6 gap nhiéu khé khan trong viéc phan biét chinh xac loai tau va muc dich hoat
dong.

Nguoc lai, hé théng camera giam sat, bao gdm camera quang hoc va camera hong ngoai, cung
cap hinh anh tryc quan gitp nhan dang chi tiét hinh déng, kich thudc, cd hiéu va hanh vi cta
tau thuyén. Camera ngay cang dugc trién khai rong rai tai cac tram radar va trung tAm quan
sat ven bién. Tuy nhién, camera lai bi han ché vé cu ly quan sat, chiu anh hudéng manh cua
diéu kién thoi tiét, 4nh sang va tdm nhin.

Trudc nhitng han ché riéng 1é cia timg loai cam bién, xu huéng két hop radar va camera trong
giam sat bo bién da trd nén tat yéu. Radar thuc hién nhi€ém vu phat hién va chi thi muc tiéu tir
xa, trong khi camera dam nhi¢m vai tro ghi hinh va phan tich chi tiét. Miac du vay, hién nay
viéc nhan dang va phan loai tau trong cac h¢ théng radar — camera van chu yéu dua vao kinh
nghiém ctia nhan vién van hanh, dan dén tinh chu quan cao va kho dap (mg yéu cau giam sat
trong méi truong phire tap, mat do tau thuyén 16n.

Vi vay, viéc nghién ctru img dyng tri tu¢ nhan tao nham ty dong hoa qua trinh nhan dang va
phan loai tau bién dya trén dit liéu radar va anh camera 13 yéu cau cip thlet gop. phan nang
cao hiéu qua giam sat bo bién, bao dam an toan hang hai va bao vé chu quyén qudc gia.

2. Muc dich nghién ciru

Muc dich cta dé tai 1a nghién ctru, phat trién phuong phap tng dung tri tué nhan tao trong
viéc nhan dang va phan loai muc ti€u tau bién dua trén tin hi€u phan xa radar va dir liéu anh

tor camera giam sat, nham nang cao do chinh xéc, tinh khach quan va muc d6 ty dong hoa
trong cong tac canh gidi bo bién.

3. Nhiém vu nghién ciru
bé dat dugc muc dich deé ra, dé tai tap trung vao viéc thyc hién cac nhiém vu nghién ctru sau:

- Nghién ctru va xtr Iy dir 1i€u anh tir hé théng camera giam sat phuc vu nhan dang truc quan
va ho trg phan loai muc ti€u tau bién.

- Phan tich dic diém tin hiéu phan xa radar cua cac loai tau bién hoat dong trong vung bién
Viét Nam.



- X4y dyng va danh gia cac mo hinh tri tué nhan tao phuc vu phén loai tau bién dya trén tin
hiéuradar.

- Xay dung va danh giad cac mo hinh tri tu¢ nhéan tao phuc vu phan loai tau bién dua trén tin
hi¢uanh.

4. Pham vi nghién ctru

Pham vi nghién ciru ctia dé tai tip trung vao viéc khai thac tin hiéu phan xa radar va dir liéu
anh camera trong dleu kién mo phong va thyc nghiém tai mot s6 khu vyc ven bién tiéu biéu.
Nghién ctru chi yéu dirng ¢ muc phat trién, hudn luyén va danh gia cac m6 hinh tri tu¢ nhan
tao & dang nguyén mau (prototype), chua di sau vao trién khai ha ting phan ctng trén dién
rong.

Pé tai tap trung vao cac van dé ky thuat lién quan dén xur 1y tin hiéu radar, xt Iy anh va hiéu
qua thudt toan, khong di sau vao céac khia canh phap ly, chinh sach quéan 1y hay hgp tac quoc
té trong linh vyc giam sat bién.

5. Hudng tiép can va phwong phap nghién ciru
5.a Huéng tiép cin

Pé tai tiép can theo hudng két hop da ngudn dit liéu tir radar va camera giam sat nham tan
dung vu diém cua tung loai cdm bién. Radar dam nhiém vai trd phat hién va theo doi muc ti€u
O cu ly xa trong moi diéu kién thoi tiét, trong khi camera cung cép hinh anh tryc quan hd tro
nhan dang chi tiét. Trén co s& do, dé tai ung dung cac k¥ thuat tri tué nhan tao, hoc may va
hoc sau dé tu dong trich xuat dic trung va phan loai muc tiéu tau bién, giam su phu thudc vao
kinh nghiém chu quan ctia nhan vién van hanh.

5.b Phwong phap nghién ctru

D061 voi dir liéu anh camera: ap dung cac mo hinh hoc sau trong bai toan phat hién va nhan
dang doi1 tuwong, su dung céc tap dir li¢éu chuan vé tau bién dé€ huan luyén va ddnh gid mo hinh.

Ddi véi dit lidu radar: thuc hién tién xu 1y, loc nhiéu, trich xuit dic trung tin hi¢u phan xa,
két hgp cac phuong phap phan cum va phan loai dé xay dung mo hinh nhan dang tau bién tur
tin hiéu radar.

Dénh gia h¢ théng dua trén cac tiéu chi: do chinh xac nhan dang, kha nang phan loai, tde do
xur Iy va do on dinh trong méi truong bién phic tap.






CHUONG 1: TONG QUAN

Trong chuong nay nghién ctru sinh phan tich, téng hop, so sanh cac cong bd lién quan t6i
giam sat bo bién trong nhirng nam gan day. Nhan dinh cac van dé con ton tai, ddng thoi xac
dinh cac van dé con co thé phat trién va dé xuat cac hudng nghién ctru ciia luan an.

CHUONG 2: COSO LY THUYET

Trong chuong nay, nghién ctru sinh trinh bay ngin gon co s¢ 1y thuyét vé cac mo hinh phat
hién doi

tuong bﬁng cam bién anh, cac k¥ thuat phan nhém tin hi€u va phan loai tin hiéu.



CHUONG 3: PHAT HIEN TAU BIEN TU TiN HIEU CAMERA
3.1 B0 dir liéu va ngir cinh thir nghiém

Pé danh gia chét lugng cho phuong phap dé nghi, nghién ctru ndy st dung bo dit licu SeaShips
[1]. Tong quan tai liéu cho thiy nhiéu cong trinh nghién ctru str dung 80% dit liéu da cong b
dé huan luyén/xac nhan va 20% dé thur nghiém. Do do, chung t6i chon D™ bao gdm 5600
hinh anh dé huan luyén va D™; bao gdm 1400 hinh anh dé thtr nghiém. Ngoai ra, nhiing cong
trinh gan day [2, 3]cting su dung cac ngir canh thach thire hon, trong d6 50% dur liéu la tap
huén luyén va phan con lai 1a tap kiém tra. Chung t61 cling tuan theo nglr canh nay dé chuan
bi D™ainy va D%ty @& so sanh. Dé danh gia hi¢u suét trén mot tap dir licu rat nho, ching t6i
chon ngiu nhién mot so tap dit liéu con S1,52,53 bao gdm 30%, 70% va 100% miu tir DT,
dé huén luyén vé cac thi nghiém sau nay.

3.2 Két qua thyc nghiém véi mang YoLoX
3.21 Chon siéu tham sb ax;

Phén nay thao luan vé viéc chon mot siéu tham sé phu hop axz trong phuong trinh tinh loss.
Két qua duoc mo ta nhu trong hinh 3.1. Két qua cho thay gia tri ax toi uu 1a 0.125.

mAP

0,94

0,935

0,93
0,925
0,92
0,915
0,91

0,125

Hinh 3.1: Gia tri mAP ung véi cac tham s6 ayzzkhéc nhau. Truc x ¢6 nghia mo ta tham s6 aki,
va truc y mo ta do chinh xac trung binh trung binh trén tat ca cac 16p.

Khi khong str dung k¥ thuat luya chon dac trung, gia tri mAP chi dat dugc 0.923; khi axz béng
0.05, gia tri mAP tang 1én 0,928. Khi ax; nhan gia tri cao hon, mAP nhan dugc ngay cang
cao. Tuy nhién, khi ax;=0.15, mAP bt dau giam; va néu axz, =0.2 mAP 14 0,914. Gia tri mAP
dua trén axz = 0.2 nho hon so vdi khi khong sit dung ham muc tiéu VIB dé lwa chon dic
trung. Hién tuong nay 1a do ham muc ti€u lua chon déc trung 1am s€ lam gidm cac dac trung
duoc chon cho tac vu chinh. Khi s6 lwong dic trung bi giam qua nhiéu, bo phan loai phén loai
c6 thé khong co di thong tin cho nhiém vu phan loai. Trong cac thi nghiém tiép theo, chiing
t61 chon axz =0.125 cho phuong phap dé xuat cua chung toi.



3.2.2

So sanh véi cac phwong 4n tét nhit trong phat hién tau bién

Phén nay so sanh phuong phap dugc dé xuat cua ching t6i véi cac phuong phap tét nhat da
dugc cong bd trén chi sé6 mAP. Nhiéu thiét 12p khac nhau da dugc st dung dua trén céac bai
béo trudc d6. Dua trén 70000 hinh anh dugc xuat ban tir tap dir liéu SeaShip [1]; Zhang 2022
[4], va Zhang 2021 [5] di st dung 90% dit liéu dé huan luyén va xac thue mé hinh; 10% dit
liéu con lai 1a tap dir li¢u thtr nghi€ém. Liu 2020 [6], Liu 2022 [7], Han 2021[8], va
Light SDNet [9] sir dung 80% dit liéu dé hudn luyén va xac thyc tap dit liéu, 20% con lai 14
tap dit liéu thir nghiém. Dé so sanh véi cac nghién ciru ndy, chung t6i sit dung D7 & huén
luyén va D™ @ kiém tra. Két qua trong bang 3.1 cho thdy phuong phéap cia ching t6i tbt

hon cac phuong phap khac vé d6 chinh xé4c trung binh.

Bang 3.1: So sanh hiéu suit ctia cac phuong phap khac nhau. Cac két qua tot nhat dugc in

dam.
Method Train+Val fishing container ore bulk passengergeneral mAP
boat ship carrier cargo ship cargo

Test (in carrier ship

%)
Zhang 2022 | 90/10 0.824 | 0.940 0.859 | 00915 0.787 0.914 0.873
[4]
Zhang 2021 | 90/10 - - - - - - 0.946
[5]
Liu_ 2020 80/20 - - - - - - 0.908
[6]
Liu_ 2022 80/20 - - - - - - 0.964
[7]
Han 2021[8] 80/20 - - - - - - 0.906
Light SDNet 80/20 0.986 | 0.995 0.989 | 0.990 0.982 0.989 0.988
[9]
Proposed 80/20 0979 |1 0.987 | 0.994 0.994 0.993 0.991
method




Yani 2022 | 50/50 | - - - - - - 0.593
(ESDT) [2]
Yani 2022 | 50/50 | - - - - - - 0.965
(DETR)[2]
Biaohua 2022 50/50 | 0.940 | 0.987 | 0.966 | 0.978 | 0937 |0.972 |0.963
[3]

Proposed 50/50 0.970 | 0.986 0.984 | 0.991 0.964 0.989 0.98
method

3.3 Két qua thi nghi¢ém vé6i DETR
3.3.1 Lua chon siéu tham s6

Nhu da thao luan trong Phan 3, s6 lugng truy van co thé anh huong 16n dén sb luong dau ra
cua mot bd phat hién dua trén DETR. Do do, phﬁn nay tap trung vao viéc lya chon tham )
phu hop nhat dé kiém soat mé hinh. Chiing t6i tién hanh so sanh hiéu suét khi nueries nhan cac
gia tri lan luot trong danh sach [300, 200, 100, 50]. Cac tap D", va D", D™, dugc chon
lam tap huén luyén va tap kiém thir dé dam bao mot thiét lap bai toan mang tinh thur thach
cao. Piéu nay c6 nghia 13 50% dir liéu duoc sir dung cho qua trinh kiém thur.

Céc két qua thuc nghiém dugc trinh bay chi tiét trong Bang 3.2. Trong thu vién mmdetection,
gia tri mic dinh cho 7gueries 12 300. Quan sat cho thay viéc sir dung thiét 1ap mic dinh nay dan
dén sy gia ting dang ké sb luong phat hién. Vi dy, s6 lugng phat hién d6i voi lop fishing boat
12 204.449. Xu huéng nay dan den viéc giam do chinh xac trung binh (AP) xudng 0.798, trong
khi d¢ tang 1én 0.913. Ngoai ra, sO lugng phat hién cao hon ddi véi tau ca co thé 1a do tan suat
xuat hién cao hon cta nhin nay trong tap dir lidu.

Bang cach giam ngueries, su thién Iéch trong cac phat hién duoc giam thiéu dang ké. Cu the
khi ngueries duge giam xudng cac mirc 200, 100 va 50, s lwong phat hién tau ca giam xuong
tuong umg la 208.817, 119.774 va 96.577. Hon nira, vi€éc giam tham s6 nay gitip can bang sO
lugng phat hién gitra cac loai tau khac nhau. Vi ngueries = 300, sO luong phat hién thap nhat
thudc vé tau container (6300). Tuy nhién, khi ngueries = 50, sO lwong phat hién thap nhat ting
1én khoang 18.949 va su phan b giira tau container, tdu chd quing va tau khach 13 kha tuong
dong.

Bang 3.2: So sanh hiéu suét ciia Deformable DETR véi s6 luong queries khac nhau. Két qua
tot nhat duoc in dam.

Class 300 query 200 query 100 query 50 query




dets recal AP dets recal AP dets recal AP dets recal AP

1 1 1 1

fishing 20444 091 0,79 20881 0,98 0,97 11977 0,98 0,96 9657 0,97 0,94
boat 9 3 8 7 5 0 4 6 9 7 2 9
containe 6300 0,98 0,89 11460 0,99 0,99 31083 0,99 0,98 1894 0,99 0,99
r ship 9 4 5 5 5 9 9 8 7
ore 53520 0,98 0,92 49362 0,99 0,99 62122 0,99 0,98 1894 0,99 0,98
carrier 7 3 7 2 6 9 9 3 7
bulk 45541 0,98 091 47754 0,99 0,99 46490 0,99 0,98 7623 0,99 0,98
cargo 5 2 6 2 7 6 0 6 9
carrier

passenge 22498 0,96 0,61 16199 0,97 0,95 14866 0,96 0,93 2004 0,97 0,92

r ship 8 0 0 7 8 6 3 2 6
general 17692 0,98 0,93 16408 0,99 0,99 75665 0,99 0,99 9853 0,99 0,99
cargo 7 0 5 2 5 1 7 6 0
ship
mAP 0.84 0.98 0.97 0.97
4 2 7 3

3.3.2 So sanh véi cac phwong phap tién tién nhit (SoTA)

Muc nay so sanh phuong phap dé xuit cta ching t6i v6i cac phuong phap tién tién nhat
(SoTA) dua trén chi s6 mAP. Pdi véi mdi phuong phap, chung toi sir dung tap dir liéu huan
luyén va kiém thtr twong Gng. Cu thé, ching t6i sit dung D'zi4in va D'z d& huén luyén mo
hinh ctia minh va so sanh v&1 Zhang 2022, Zhang 2021 [10], Liu 2020 , Liu 2022,
Han 2021, SDNet 2022, va phuong phap dua trén DETR. Ngoai ra, ching t6i stt dung D7
va D’py dé huan luyén mot mo hinh khac va so sanh véi Biaohua 2022, Yani 2022, va
phuong phap dua trén DETR .

Boi vi chi s6 mAP dat cuc dai khi 71gueries = 200 d6i voi phuwong phap cia chung t6i duoc thé
hién trong bang 3.2 , ching t61 lya chon thiét 1ap nay cho thi nghiém nay. Két qua so sanh
gitra cac phuong

phap SoTA dugc trinh bay trong Bang3.3 va mot s6 két luan c6 thé duoc rit ra nhu sau:

- Khung nén tang (Baseline framework) 13 yéu té then chdt dé dat duogc két qua tot hon:
Cui_2019 va Liu 2020 duoc phat trién dua trén YoloV3. Do d6, hiéu ning ciia chiing
khong tbt bang Liu_2022, phwong phap von dua trén khung SSD. Han 2021 dua trén
YoloV4, nhung hiéu ning khong cho thiy su cai thién so v6i Liu 2020 (dya trén
YoloV3).Tan dung uu thé cua YoloVs, SDNet 2022 da cai thién dang ké so véi



Liu_2020. Khung YoloV5 gitp chi s6 mAP ting t&i 8% so véi khung YoloV3. phuong
phap dua trén DETR duya trén YoLoX, con phuong phap cua chung to61 dua trén
backbone DETR. Gan day, cac khung nay da tro thanh nhiing phuong phap uu viét cho
bai toan phat hién ddi tugng. Vi vay, két qua dat duoc tét hon so véi cac phuong phap
khac.bang chu y 1a cac nghién ciru phat hién tau thuong tan dung mét khung phat hién
dbi trong 1am nén tang, di kém voi mot s6 sira doi tuy chinh. Do do, viéc thura huong
cac kha ning ciia mot khung méi va manh mé nhu vay tat yéu dan dén két qua duogc cai
thién.

Khi sb lwong mau trong tip hudn luyén giam, cic phuong phap dua trén DETR c6 xu
huéng hoat dong hiéu qua hon so véi cac phuong phap dua trén CNN. Cuy thé, Trong
bang s6 liéu, Biaohua 2022 1a mo6 hinh phat hién dya trén CNN, con Yani 2022 1a mo
hinh dya trén DETR. Chi s6 mAP ctia Yani 2022 va Biaohua 2022 lan luot 1 0,965 va
0,9963. Tuy nhién, hiéu nang nay co thé dugc nang cao néu ching ta Iya chon siéu tham
s6 ph hop. Trong nghién ctru cta chung t6i, bang cach thiét 13p ngueries = 200, chi s6
mAP da duoc cai thién Ién mrc 0,981.

Phuong phap cua ching toi tuong dwong voi phuong phap dya trén CNN t6t nhat hién
nay trong viéc phat hién tau. Néu tap dir liéu hudn luyén c6 nhiéu mau hon tap kiém thir,
phuong phap cua chung to1 tuong duong vd1 phuong phap dua trén Yolo nhu phuong
phap dua trén DETR.Cu the, khi str dung D'7in va D' cho qua trinh huén luyén va
kiém thir, chi s6 mAP ctia ca phuong phap cua chung t6i va phuong phap dya trén DETR
13 twong ty nhau. Tuy nhién, khi s6 lugng mau trong tap huén luyén bang véi sb luong
trong tap kiém thir, phuong phap cta chung t6i tot hon mot chut so voi phuong phap
dua trén DETR

Bang 3.3: So sanh hiéu sut cia cic phuong phap khac nhau. Két qua tét nhat duoc in dam.

Method Train+Val fishing container ore bulk passenger general mAP

/

Test (in boat ship carrier cargo  ship cargo

%)

carrier ship

Zhang 2022 90/10  0.824  0.940 0.859 0915 0.787 0914 0.873
[13]
Zhang 2021 90/10 - - - - - - 0.946
[10]
Cui_2019 [9] 80/20  0.900 0.940 0.90 0910 0910 0.900 0.910
Liu 2020 [12] 80/20 - - - - - - 0.908
Han 2021 [28] 80/20 - - - - - - 0.906



Liu 2022 [7] 80/20 - - - - - - 0.964

SDNet 2022 80/20  0.986  0.995 0.989 0990 0.982 0.989 0.988
[11]

phuong phap 80/20  0.979 1 0.987 0994 0.994 0.993 0.991
dua trén DETR

[14]

Ours (nguery 80/20  0.982 1 0.989 0.991 0.995 0.990 0.991
=200)

Yani_ 2022 50/50 - - - - - - 0.593

(ESDT) [17]

Yani_ 2022 50/50 - - - - - - 0.965
(DETR) [17]

Biaohua 2022 50/50  0.940 0.987 0.966 0978  0.937 0.972 0.963
[19]

phuong phap 50/50 0.970 0.986 0.984 0.991 0.964 0.989 0.98
dua trén DETR

[14]
Ours (nguery 50/50 0970 0995 0992 0.992 0.957 0.992 0.982
=200)

333 Nghién ciru cit giam cac ham mat mat

Phén nay thao luan vé mot nghién ctru cat giam d6i voi cac ham mét mat trong qua trinh huan
luyén. Deformable DETR sur dung nhiéu ham mat mat dé huin luyén, bao gém focal loss,
GIoU loss va L1 loss, mdi ham phuc vu mét muc dich riéng biét: focal loss dung cho phan
loai, GIoU dung cho hdi quy hop gidi han va L1 ding cho phat hién dbi tuong. Sy két hop
clia cac ham mat mét nay dam bao sy thanh cong cho qué trinh huan luyén. Mic du tt ca cac
ham mét mat déu dong vai tro then chdt, nhung mirc 46 dong gop cua ching c6 thé dugc didu
chinh. Theo mic dinh, cac trong s6 duoc thiét 1ap & mirc 2.0 cho focal loss, 2.0 cho GIoU loss
va 5.0 cho L1 loss. D¢ danh gia tic dong clia ting thanh phan, chiing toi di giam trong s6 cua
cac ham mat mat nay di 10 lan (thuc hién 1an luot timg ham mot) va so sanh két qua véi thiét
1ap mac dinh. Cac két qua trong Bang 3.4 chimg minh rang Leis (ham mat mat phan loai) 1a
yéu to quan trong nhat; viéc giam trong s6 cua no dan dén sy sut giam hiéu nang dang ké.
Nguoc lai, viéc giam ham mat mét doi tuong gdy ra it tac dong hon, khi hiéu nang van duy
tri & mirc gan trong duong voi thiét 1ap ban dau. Kha nang dinh vi bi anh huong nhe boi ham
mat mat GloU, thé hién qua viéc chi s6 mAP giam xudng con 0,931 so vai 0,941 trong thiét
lap ban dau.



Bang 3.4: So sanh mAP cila Deformable DETR khi giam cac ham mat mét huan luyén.

LGIoU Ly Lcls
fishing boat 0.899  0.899 0.227
container ship 0.976  0.985 0.246
ore carrier 0.953  0.947 0.212
bulk cargo carrier 0.951 0.966 0.151
passenger ship 0.845  0.849 0.0173

general cargo ship 0.964  0.969 0.160

mAP 0.931 0.936 0.178

3.34 Phan tich dac trung

Céc két qua thuc nghiém trong Muc 3.3.2 chi ra ring phuong phap DETR hoat dong tot hon
cac phuong phap CNN néu sb luong mau trong tdp huin luyén bi han ché. Tuy nhién, viéc
giai thich tai sao phuong phap DETR c6 thé dat két qua tot hon trong kich ban dic thu nay 1a
rat can thiét. Sy khac biét chinh giita hai phuong phap nim ¢ mé-dun cha ¥ trong bo mé hoa
ciia DETR. M6-dun nay cho phép twong tac phi cuc b dé hoc cac dic trung tét hon.

Do d6, ching t6i truc quan hoa cac dic trung dugc tao ra bai ca hai phuong phap sau cac phan
backbone, neck va head ctia m6 hinh. Vi mdi anh dau vao, cac ban do dic trung dugc trich
xuét sau moi mo-dun. Téng gia tri cia mQt ban dd dac trung dai dién cho mirc do quan trong
ctia ban d6 d6. Vi vay, chung toi da chon 20 ban do dic trung quan trong nhat cho mdi phan
backbone, neck va head dé tao ra mot ban dd nhiét. Ban d6 nay duoc tinh trung binh tir tit ca
céc ban dd dic trung quan trong va dai dién cho cac diém trong yéu trén anh. Hinh 3.2 minh
hoa cac vi du vé ban d6 nhiét duoc tao ra tir mot anh dau vao. Hang dau tién hién thi cac ban
d6 dic trung tir DETR, hang thtr hai hién thi cac ban d6 nhiét tir phuong phap phuong phap
dwa trén DETR (phuong phap str dung ham mat mat lya chon dac trung dé hoc cac dic trung),

va hang thur ba trinh bay céc ban dd nhiét tir YOLOX v6n dya hoan toan vao céac mang CNN.

Céc két qua chi ra rang DETR, véi co ché chi y ciia né, c6 thé tap trung tot hon vao cac dbi
tuong khong phai 1a nén. Vi du, sau phén head*, ban d6 dic trung lam ndi bat phr?m van ban
hién thi diém sd trén hé thdng sinh ton, va con tau ciing duoc lam ndi bat, mic du khong rd
rang bang phan vin ban. Khi cac dic trung duoc xur ly qua phan neck, cac dic trung ngit nghia
cap cao hon duoc hoc, khién con tau trd nén ndi bat hon trong khi sy tip trung vao vin ban

giam dan. Céc diém chinh tip trung vao con tau tai phan head, v6i sy chil ¥ vao vin ban giam
di.



YOLOX+VIB

Hinh 3.2: Ban dd dic trung tai dau phan loai, phan c6 va phan xwong song. (Van ban trén anh
goc da duogc loai bd.)

Nguoc lai, phuong phép dua trén DETR tao ra céc ban dd nhiét thwa thét, noi nhiéu diém anh
0 ria buc anh khong c6 phan hoi. Tuy nhién, cac ban d6 nay khong tap trung chinh xac vao
d6i trong. Pidu nay xay ra boi vi phuong phap dua trén DETR st dung ham mat mat chon
loc déc trung dé xac dinh cac dic trung quan trong, din dén cac ban dd dic trung thua thot
va c6 tinh phan biét cao nhung khong nim chinh xac & tim ddi twong. Sy phan bd ban dd
nhin chung kh4 tuong dong, véi nhitng cai thién nho tir backbone dén head. Néu khong c6
ham mat mat chon loc dic trung, sy phan bd ctia cac ban dd nhiét ¢o thé s& déng déu hon nhu
dugc hién thi & hang thir ba.



Chuong 4
PHAN TiCH DU LIEU RADAR BANG KY THUAT HQC SAU.
4.1 Phwong phap phan cum dua trén kién thicc chuyén gia vé
phan loai tau bién.
4.1.1 Téong quan vé h¢ thong

Téng quan vé hé thdng duogc trinh bay nhu trong Hinh 4.1. Theo d6, bd dit liéu vé tin
hiéu radar dugc gan cac thudc tinh theo kién thic ctia chuyén gia. Sau d6 mé hinh
hoc sau s€ duogc hoc cac dac trung dé vira tai tao lai tt thong tin ctia séng radar phan
hoi, vira du doan cac thudc tinh duoc gan nhan cho

mo1 mau. Cuoi cung, cac dac trung do s€ dugc sir dung dé phan cum dir lidu.

Input J@ »| Decoder Reconstruction, ‘J
Loss

| Attribute i
» head —> Attribute loss

.| Extract I

7| feature

\

/1l

\

Hinh 4.1: Téng quan vé cac phuong phap dugc dé nghi.

Phan 4.1.2, trinh bay cach cac thudc tinh mo ta cac loai tau bién va nguyén nhan lya chon
cac thudc tinh ay. Phan 4.1.3 mo ta cach gén thudc tinh cho mo6i mau trong bo dit liéu.
Phan ?? trinh bay kién truc ctia model va ham muc ti€u.

4.1.2 Cac thudc tinh dwoc dé xuit béi chuyén gia.

Dé co thé phan tich cac thudce tinh cé thé hd tro cho viéc phan cum tau bién, cac mau
tau cé, tau van tai va tau quan sy da dugc phan tach va hién thi nhu trong Hinh 4.2,
4.3,4.4. Céc tau ca c6 kich thudc nhé va dic diém vo tau khién song phan hoi cé bién
d6 nhé. Bén canh d6 do céc tau ca thuong di ciing voi nhau nén c6 thé cé nhiéu dinh
song trong mot séng phan hdi nhu trong Hinh 4.2. Trong Hinh 4.3, ta thdy néu tau
quan sy 0 xa tram radar thi song phan hdi s& c6 bién d6 dinh song nho nhu trong Hinh
4.3a; nguoc lai néu tau quan sy ¢ gan tram radar thi song phan hoi s& co bién d¢ dinh
song va bién do day song 16n nhu trong Hinh 4.3b. D6i voi tau van tai; néu tau van
tai dang & xa va c6 xu hudng chay ngang bo bién, thi séng phan hdi ¢ bién do thap
va do rong dinh song cao hon do c6 dnh hudng cua cac thung hang nhu nhu hinh
4.4a. Néu tau van tai chay gan bd nhung khong huéng vao cang, thi séng phan hoi co
bién d6 16n hon, va phan dy song ciing c6 bién do 16n; ngoai ra phan nhip nhé cia
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phan dinh song chuyén vé van 16n nhu trong hinh 4.4b. Néu tau van tai chay gan bo
nhung c¢é xu hudong hudng vao cang, thi bién d¢ song 16n, nhung d rong ctia song
chi ¢ trung binh do luc nay chi

c6 phan miii tau ti€p xuc voi song radar nhu trong Hinh 4.4c¢.

100 1

0 100 200 300 400 500
Hinh 4.2: Dang song cua tau c4, chi xuat hién trong nhom 1.

T nhitng phan tich trén, cac dac di€m sau s€ dugc st dung dé danh gia loai tau dua vao song
phan hoi cua radar.

I0 160 260 360 40IO 560 E? 160 260 360 460 5(‘)0
(a) Tt nhom 1 (b) Tir nhom 2

Hinh 4.3: Dang s6ng cua cac tau quan su.

120

100

(a) Tt nhom 1 (b) Tir nhom 2 (c) T nhém 3

Hinh 4.4: Dang song cua céac tau van tai.
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- S6 lugng dinh cua song phan hdi: thong thuong, dang séng phan hdi tir radar chi co
mot dinh nhung d6i véi tau ca, do déi twong nho va déi khi bi nhidu boi cac tau ca 1én
can nén c6 thé xuat hién nhiéu hon mot dinh. Nhung nhinh chung s6 luong dinh khong
quéa nhiéu d6i véi mot song phan hoi.

- Bién d6 phan dinh cua song phan hodi: Pay 1a gid tri lon nhat cta phan dinh
song, thuong anh huong rat 16n t6i két qua phan cum néu chi sir dung tin hiéu
cam bién tho.

- D rong phan dinh cua séng phan hdi: dic trung nay rat nho v6i tin hiéu phan
héi tir tau ca. Di v6i tau quan sy, gia tri nay c6 thé nhé hodc trung binh tuy
thudc vao khoang cach tau. Trong khi d6, d rong dinh song cua tau van tai rat
16n do dic thu nhiéu thung hang duoc xép 1én tau. Mic du vay, dic trung nay
chi nhan gia tri trung binh néu tau hudng vao bo bién.

- Do dao dong phan dinh ciia song phan hoi: Pic trung nay mo ta do dao dong &
phan dinh cua dang song. Néu 13 tau c4 hodc tau quén sy, gia tri nay co xu
huéng nho hon. Trong khi tau van tai thuong cé gia tri 16n khi mé ta bang dic
trung nay.

- Bién d0 phan day cua song phan hoi: Pac trung nay mo t4 phan diy ctia mot
dang song. Néu la tau c4, gia tri nay rat nho vi kich thudc cua tau ca nho. Tau

van tai hodc tau quan sy c6 gia tri 1on hon vi dac thu cta vo tau.

- Do dao dong phan day cua song phan hoi: Vi dic trung ndy, tau ca thudng co
gia tri nho, va tau quan sy, van tai thuong co6 gia tri 16n.

4.1.3 Rt trich thugc tinh.

120 1
A
Phan
100 A
80 4

60 4

Phan day Phan day

—
~

0 100 200 300 400 500

Hinh 4.5 Dinh va day ctia dang song radar phan hoi
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Goi tin hiéu séng radar phan hoéi vé 13 x, quy trinh rat trich cac thudc tinh trong phan 4.1.2,
duoc mo ta nhu sau:

1.

4.14

Ap dung bo loc Butterworth bac 1 dé rat trich thanh phan thong thap x va thong
cao xt.

. Ap dung thuat toan phat hién dinh [10] dé phat hién s dinh 7pea clia dang song

X.

Str dung tin hiéu tan sb thap x%, ¢ thé tach phan dinh va day cua dang song dua
vao thoi diém bat dau B va két thuc E cua dinh séng cao nhat. M6 ta cia cac thoi
diém B va E duoc mo ta nhu Hinh 4.5. Goi minso(x) 1a tap hop 30% gia tri nho
nhit cua x, gia tri Base trong Hinh 4.5 duoc xac dinh bang cong thirc Base =
mean(minzo(x)).

. Dua vio céc thoi diém thoi diém bat dau B va két thuc E ciia dinh séng cao nhat,

rit trich thong tin phan dinh va phan day cua thanh phan tan s6 thip x’ va thanh
phan tan s6 cao x. Cu thé xzz* 13 phan dinh cta tin hiéu tan s6 thap; trong khi x-£
e 1a phan day cua tinh hi€u tan so thap.

. Goi N1a sb phﬁn tor trong mot mau tin hiéu radar phan xa. Cac dac trung vé do

rong phén dinh séng, bién do phan dinh séng, 46 dao dong phan dinh séng, bién
dd phan ddy song, d0 dao dong

phan day song duogc tinh bang cic phuong trinh 4.1, 4.2, 4.3, 4.4, va 4.5 mot cach twong

ung.

E-B

L = —
peak N

Apear = mean(maxzo(xkg))
H 2
Speak = mean[xBE ]
Apgse = mean(x~BE)

— H 2
Sbase - mean[x~BE ]

M6 hinh rit trich dac trung va ham muc tiéu.

Kién triic cia mo hinh str dung trong bai bao dugc mo ta nhu sau:

Mo hinh encoder: f e (. )hinh nay dugc sir dung dé rat trich dic trung. Khéi nay 1a su
no1i ti€p cua cac khoi trong danh sach [nn.linear,nn.relu,].

M4 hinh decoder: fgo(.) M0 hinh nay dugc su dung dé khoi phuc lai théng tin gdc.
Khéi nay 1a sy ndi tiép cua cac khdi trong danh sach [nn.linear,nn.relu,].

13
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Mo hinh dy do4n thudc tinh fga(.): Khéi ndy ding dé du doan cac thudc tinh tir cac
dac trung duoc rut trich tir khoi encoder. Cac 16p trong khoi du doan thudc tinh dugc
mo ta nhu sau [nn.linear,nn.relu]

Goi x 1a vector 500 phan tr mo ta tin hi¢u vao ctia cam bién va X 1a dang song dugc khoi phuc
lai,

ham muyc ti€u khoi phuc dit li¢u dugc mo ta nhu phuong trinh 4.6.
~ 12
Le(x,®) = |lx — 2] (4.6)

Goi a 13 thudc tinh dugce gan nhan tir phan 4.1.3 va % 13 thudc tinh duoc du doan tir moé hinh
du doan

thudc tinh. Ham muc ti€u xac thudc tinh dugc mo ta nhu phuong trinh 4.7.
R 12
Ly(a,@) = [la - al| 4.7)

Tham s6 a diéu khién sy cin bang cta hai rang budc Lg (x, X)va L, (a, @). Két qua ham muc
tiéu deé

huin luyén bd rut trich dac trung s€ dugc mo ta nhu sau:

Loss(x,a) = Lg (x, fop (feE(X))) + aly, (a, foa (fes(x))) (4.8)
4.2 Két qua phan doan cho tin hiéu tau bién
4.2.1 Két qua thi nghiém véi cic phwong phap truyén thong.

Trong phan nay, cac két qua thi nghiém dya trén cac thuét toan phan cum truyén thong
dugc trinh bay. Thuat toan K-means dugc st dung véi cac dac trung khac nhau nhu FFT
[11], DCT [12], DWT [13].Bén canh do, cac phuong an chuan ho4 dir liéu cing dugc ap
dung Ién cac dac trung dé bu lai su phi tuyén khi chuyén tin hiéu tir mién thoi gian sang
mién tan s6.Két qua thi nghiém dugc mo ta trong Bang 4.1. Két qua cho thiy dic trung
trong mién thoi gian cho két qua tot hon dic trung fft hodc det.

Bang 4.1: Két qua phan cum dua vao Kmeans va cac dic trung.

Dic chuan MI A MI NorMI | A RS | Complex | Flow
trung hoa

Raw TRUE | 1441 | 17.48 | 17.61 | 03.05 2478 | 51.59

Raw FALSE | 76.26 | 71.27 | 71.30 | 72.11 7032 | 81.93

FFT TRUE | 49.11 | 46.22 | 46.28 | 46.96 | 46.00 | 65.86
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FFT FALSE | 60.71 | 57.35 | 57.40 | 54.57 5722 | 70.83

DCT TRUE | 60.81 | 59.58 | 59.63 | 47.23 61.75 | 67.72

DCT FALSE | 57.81 | 55.71 | 55.76 | 47.55 56.75 | 67.23

DWT | TRUE | 44.63 | 45.79 | 45.86 | 34.65 50.05 | 61.95

DWT | FALSE | 76.26 | 71.27 | 71.30 | 72.11 7032 | 81.93

4.2.2 So sanh v6i cac phwong phép hoc siu tién tién.

Phuong MI | A MI | NorMI | A RS | Complex | Flow
phap

AE [14] 77.28 | 72.19 | 72.22 | 73.03 71.19 | 82.51

VAE [15] | 79.18 | 74.16 | 74.19 | 76.56 7333 | 84.84

DEC[16] | 77.59 | 72.47 | 72.50 | 73.44 71.46 | 82.27

DeepCluster | 75.33 | 70.39 | 7043 | 87.12 | 71.75 | 69.45
[17]

Proposed 84.37 | 80.01 | 80.03 | 84.98 80.07 90.39
method

Only 2848 | 26.72 | 26.81 | 19.92 26.60 26.61
attribute

Bang 4.2: Két qua phan cum bang k¥ thuat hoc siu

Phén nay so sanh phuong phap dé nghi v6i cac phwong phap hoc sau cho phan doan bao gom
AE [14], VAE [15], DEC [16] va DeepCluster [17]. Trong d6 AE [14] va VAE [15] 1a hai
phuong phép kinh dién ma khdi rit trich ddc trung va khéi phan cum dir lidu duoc tach biét
v6i nhau.Khac vé6i cac phuong phap hoc sau kinh dién, phuong phap dugc dé nghi c¢6 sy hd
tro cia thong tin thudc tinh dé cai thién bo rut trich dic trung. Trong diéu kién dix liéu con it,
viéc tan dung kién thirc chuyén gia dé huin luyén mé hinh rat trich dic trung 13 mot phai phap
pht hop. Theo d6, bo rat trich dic trung khong chi gitp tai tao lai thong tin ban dau ma doi
khi con hitu ich trong viéc du doan cac thudc tinh ctia mot mau. Ta cé thé théiy gia tri MI duogc
tang dang ké 1én 84.13 % g v6i o = 0.1. Can luu y 1a néu chi tién hanh phan cum dya vao
thong tin cua thudc tinh, thi gia tri phan cum cho céc chi s6 M, A MI, N MI, RS,A RS, CS,
va FM_S s& lan luot 1a 0.2848, 0.2672, 0.2680, 0.5083, 0.1992, 0.2660, va 0.4838. Qua co cb
thé théy viéc gén atrribute khong thuc su giup ich tryc tiép cho vi¢c phan cum; nhung khi két
hop v61 ham muc tiéu téi tao tin hi¢u, thi cac ddc trung hoc dugc sé hd trg tim duoc cac dic
trung t6t hon cho viéc phan cum. Chinh vi Iy do nay ma khi thiét ké khéi phan cum, ta can sir
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dung nhiéu hon mét 16p mang neuron dé giam bét anh huong tir viée du doan attribute dbi
v6i cac dac trung dung cho phan cum.

4.3 Phan loai tau bién théng qua k¥ thuit phian nhém

4.3.1 Tong quan hé thong.

Fish
Cluster 1 EE e

it

. Classifier *  Cwvil-Transport Ship

* Miltary-Transport Ship

Cluster 2 Fishing ship

Training | Clustenng ] nd

. I Tea t Shi
st module Classifier i ki

» Military-Transport Ship

Fishing shi
Cluster 3 e L
3rd

" Classifier »  (Civil-Transport Ship

= Milrary-Transport Ship

Hinh 4.6: Tong quan hé thong

Do dic thu bo dir liéu thu dugc van con it, trong tiéu luan nay, hoc vién chi st dung cac
phuong phap truyén thong dé thuc hién viéc phan loai tau. Thuat toan phan cum 13 mot thuat
toan chia mot tap hop cac mau dau vao thanh cac cum khac nhau. Cum 1a mot nhom cac diém
dr liéu tuong ty nhau dya trén mbi quan h¢ cua ching véi céac diém dix liéu xung quanh. Mgt
trong nhirng thuat todn phan cum don gian va dé thyc hién nhat 1 k¥ thuat K-means.

Thuét toan K-means duoc st dung tdt nhat trén cac tap dit liéu nho hon vi no 1ap lai trén tat
ca cac diém dir liéu. Piéu d6 c6 nghia 13 s& mét nhiéu thoi gian hon dé phan loai cac diém dir
lidu néu c6 mot luong 16n chung trong tap dir licu. Voi tap dir lidu X = [x1,x2,...,.xn] € R™Nbao
gém N mau duoc biéu thi bang d dic trung, thuat toan K-Means s€ phan tach tap dir liéu nay
thanh K cym. Trong mdi cum, cac thanh vién ctia né phai cang glong nhau cang t6t. M&i cum
duoc dai dién boi mot tAm cum 1a mi € R*'(k=1 ~ K); va ddi v6i mdi diém trong tap dit liéu,
mot nhan phai dugc gan dé xac dinh mau thudc vé cum nao.

4.4 Mot s6 két qua thi nghiém
4.4.1 So sanh cac dic trung trong mién tan so va trong mién thoi gian.

Mot cach truyen thdng, cac bai toan phén loai tin hiéu 1D [19],[20] s€ phai phan doan tin hi¢u
trude khi tién hanh phan loai. Boi vi tin hi¢u trong mién thoi gian dé bi anh hudng boi viée
phan doan, cac dic trung tan sd cta tin hiéu 1D s& dugc rut trich dé loai bo anh hudng nay.
Maic du vay, trong tng dung nay, song radar phat ra dugc diéu che bd1 mdt xung vuong nén
bai toan phan doan di dugc giai quyét tot. Do do, tin higu trong mién thoi gian ciing c6 thé 1a
mdt tin hidu dang tin cay dé thyuc hién cac thuat toan hoc may. Trong thi nghiém nay, hoc vién
khao sat anh huéng cila cac ddc trung trong mién tan sé va trong mién khong gian dbi véi cac
thuat toan hoc may. Hai bai todn hoc may co ban 1a phan nhom va phan loai s€ dugc 4p dung
v6i cac dic trung FFT va dic trung trong mién thoi gian. Ung v6i mbi bai toan, hoc vién sir
sung 33% dir liéu dé kiém tra va 66% dit liéu cho huin luyén. Cac thuat toan dugc thuc thi
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dua trén thu vién sklearn va tham s6 random seed duoc ¢6 dinh dé dam bao viéc lua chon tap
huan luyén va tap danh gia la giong nhau qua moéi budce thi nghi¢m.

Ddi vai bai toan phan nhoém, hoc vién st dung thuét todn K-means dé phan chia dit li¢u thanh
3 nhom.

Két qua phan nhom duoc trinh bay trong bang 4.3.

Bang 4.3: K&t qua phan loai véi cac dic tinh khac nhau cia cac loai tau.

Qua trinh huan luyén
Tau | Tau van | Tau
ca tai quan
van  tai
su
thuong

CO | 418 | 14 21
FFT Cl |0 13 205

C2 1 186 232

Co |0 18 299
FFT + Scaling Cl1]399 |33 28

C2 | 20 162 201

Co | 367 |9 9
FFT + Log Cl| 2 45 308

C2 | 50 159 141

Co |0 0 341
Time domain Cl|419 |7 28

C20 206 89

Qua trinh kiém tra dénh gia

Co 192 |6 10
FFT

Cl| 0 9 114
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C20 100 106
Co |0 16 116
FFT + Scaling Cl | 186 |15 12
C2 6 84 102
Co | 175 |2 6
FFT + Log Cl |1 32 160
C2 |16 81 84
Co |0 0 180
Time domain Cl|192 |4 14
C20 111 36

Trong qua trinh danh gia, dua vao mot mau dé kiém tra, bo phan nhom & trén s& dugc sir dung
dé dua dir liéu kiém tra vao mot trong ba nhom da duoc tao ra trong qua trinh dao tao. thude
nhém ma kiém tra mau duoc chi dinh.
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Bang 4.4: Tom tat cac cau hinh mang no ron va théng s6 huan luyén

Parammeter | Solvver | Hé hd Hidden Layer Random
Regulization Size State
S1 Ibfgs le-5 (300,200,100,50) 100
S2 Ibfgs le-5 (300,100,50) 100
S3 Ibfgs le-5 (200,75) 100
S4 Ibfgs le-5 (100,75) 100
S5 Ibfgs le-5 (75,50) 100

Khong chi thyc hién phan nhém bf?mg cac dac trung khac nhau, hoc vién thyc hién viéc phan
loai tau truc tiép dua trén cac dac trung da duoc st dung trong bai todn phan nhoém. hoc vién
sir dung ba cau hinh mang no ron (S1,S3,S5) dé danh gia vai tro ciia cac dic trung. Trong cac
bd phan loai nay, cau hinh S1 c6 do phtic tap cao nhat vi gdm nhiéu 16p va s nat & mdi 16p
déu cao. M6 hinh S5 c6 d6 phirc tap thap nhat vi chi ¢6 2 16p an va sb lugng nat cho mdi 16p
chi déu thap. Chi tiét ciia cac bo phan loai nay dugc mé ta trong bang 4.4. Két qua thi nghiém
trong bang 4.5 cho thay dic trung FFT khong thich hop dé thuc hién viéc phan loai tau. Két
qua phan loai rat thdp ching t6 mo hinh khong thé hoi tu tot dé phan loai tau. Néu tién hanh
bu lai cac yéu t6 phi tuyén bang chuan hoa dit liéu [21] va ham log, mé hinh ¢6 thé hoc nhung
d6 chinh xac khong cao. Gia tri tdt nhat c6 thé dat dugc trén tap test 1a 96% trong khi do chinh
xac khi phan loai trén mién thoi gian 13 98%. Két qua nay théng nhat voi két qua khi thuc
hién thuat toan phan nhom khi chi ra rang tin hiéu trong mién thoi gian 1a di tot dé xur 1y tin
hiéu rada trén bién.

Bang 4.5: Két qua phan loai bang cac dic trung khac nhau véi ty 18 huin luyén/kiém tra 13
2.

Pha test

ACC F1-Score

S1|0.1195 | 0.2364

FFT S3 1 0.5680 | 0.6312

S5 103910 | 0.4357

S1 1 0.9606 | 0.9608

FFT + Scaling S3 1 0.9606 | 0.9608

S5 10.9492 | 0.9497
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S110.9414 | 0.9422

FFT + Log S3 10.9243 | 0.9255

S5 10.0945 | 0.9255

S1 109813 | 0.9814

Time domain S3 10.9795 | 0.9795

S5 10.9795 | 0.9795

4.4.2 Anh huéng ciia thuit toan phan nhém Ién bai toan phan loai

Trong phan nay, hoc vién chimg minh tinh hiéu qua ciia phuong phap duoc dé nghi khi sir
dung thuit toan phan nhom dé tién xtr 1y dit liéu trude khi dua vao bai toan phan loai. Gidng
nhu cac bai toan phan loai truyén théng, hoc vién st dung accuracy va Fl-score dé danh gia
hiéu qua cta hé thong. Mic du vdy, dé nhan manh su déng gop clia qua trinh phan nhém, hoc
vién su dung ty 1€ tang cuong ciia ACC va F1-score nhu trong phuong trinh (4.13).

Peys—P

E= 100 (4.13)

The improment by clustering (Testing ratio=33%)

‘ I

Hinh 4.7: D6 ting cudng ciia ACC va F1-Score khi ty 18 huan luyén/testing 14 66%/33%

O day, P 1a hiéu nang cta hé thong khi khong c6 qua trinh tién xir Iy phan nhom; Peus 13 hiéu
nang cta hé théng khi c6 qua trinh tién xir Iy phan nhém. Hiéu nang & day bao gém do chinh
xac (ACC) hoic diém F1 (Fl-score). Néu gi tri nay 1én hon 0, ta c6 thé két luan phép tién
xtr Iy bang cach phan nhoém gitip cai thién chét luong ciia viéc phan loai. Nguoc lai, néu gia
tri nay nho hon 0, c6 nghia la phep phan nhom khoéng gip tang cuong perfomrnace. hoc vién
tién hanh thi nghiém véi nhleu cau hinh no ron khac nhau tur rat day déc (dense) (S1) toi rat
thwa thét (sparse)(S5). Chi tiét ciia cic cdu hinh no ron va cac thong sé setting duoc liét ké
nhu trong bang 4.4. Hinh 4.6 thé hién mirc do ting cuong cua do chinh xac va F1-Score khi
lwa chon ty 1¢ huan luyén/testing 1 66%/33%.
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The improment by clustering (Testing ratio=50%)

04
0.35

03
0.25

0.2
0.15

0.1 I
0.05 l

0 =
s1 s2 s3 s4

-0.05 55

B ACC EFl-Score

Hinh 4.8: P tang cudng ciia ACC va F1-Score khi ty 1¢ huan luyén/testing 13 66%/50%
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Chuong 5
KET LUAN VA KIEN NGHI

Giam sat va bao dam an ninh, an toan trén bién va vung ven bo c6 vai tro dac biét quan trong
d6i voi phat trién kinh té bién, bao vé chi quyén quoc gia va duy tri trat tu hang hai. Trong
bdi canh hoat dong hang hai ngay cang gia tang v€ quy mo va murc do phire tap, cac hé thong
giam sat dua trén mdt loai cam bién don 1é boc 16 nhiéu han ché, dic biét trong bai toan phat
hién, nhan dang va phan loai tau bién. Xuat phat tr yéu cau thyuc tién d6, luan an tap trung
nghién ctru cac phuwong phap giam sat bo bién dya trén sy két hop gitra tin hiéu radar xung va
dir liéu anh camera, v&i sy ho tro clia cac k¥ thuat tri tué nhan tao hién dai.

Thong qua khao sat c6 hé thdng cac cong bd trong va ngoai nude, luan an chi ra rang phan
16n cac nghién ctru hién nay van tiép can dir liéu radar va dir liéu anh mot cach tach biét.
Trong khi radar c6 wu thé vé kha ning phat hién va theo di muc tiéu trong moi diéu kién thoi
tiét, camera lai cung cap thong tin ngir nghia phong pht phuc vy nhan dang va phén loai. Viéc
tich hop hai loai cam bién nay trong bbi canh dir liéu ven bo thuc té, nhidu nhidu va bién
dong, van con 1a mot khoang trong nghién ctru déng ke.

D6i véi dit liéu anh, luan an dé xuat hai mo hinh phat hién tau bién dua trén hoc sdu. M6 hinh
th&r nhét dva trén mang no-ron tich chap két hop cac khdi Iya chon dic trung nhim loai bo
thong tin du thira va 1am ndi bat cac dic trung mang tinh phan biét cao. Két qua thyc nghiém
cho thdy mo hinh dat d6 chinh xac cao hon so véi nhiéu phuong phép tién tién, dic biét hicu
qua trong diéu kién di liéu huan luyén han ché. M6 hinh thtr hai dua trén kién trc transformer,
khai thac co ché chu y dé tap trung vao cac vung thong tin quan trong trong anh. M6 hinh nay
thé hién kha ning khai quat tot v6i tap dit liéu nho va cung cap cac ban do cha ¥ ¢o ¥ nghia,
hd trg phan tich va giai thich két qua.

Ddi véi tin hiéu radar xung, luan an xay dung mogt bg dit liu thuc té thu thap tur tram radar
giam sat ven bo tai Viét Nam, khic phuc han ché cua cac nghién ctru trude day von chi yéu
dua trén dit liéu m6 phong. Trén co s bo dit liéu nay, luan an két hop tri thirc chuyén gia véi
cac phuong phap hoc may dé rat trich cac dic trung phan anh dic tinh vat Iy va dong hoc cia
muc tiéu. Phuong phap phan nhom va phan loai tau bién dua trén tin hiéu radar dugc dé xuat
cho thay kha niang phan biét cac nhom tau chinh, dong thoi chi ra nhimg han ché cua céac
phuong phap truyén thong khi chiu anh huéng manh béi yéu td khoang cach quan sat.

Téng hop cac két qua dat duoc, luan an dong gop ca vé mit 1y thuyét va thuc tién cho linh
vuc giam sat bo bién. V& hoc thuat, ludn an 1am rd vai trd ctia hoc siu va biéu dién dic trung
c6 chon loc trong bai toan nhan dang tau bién v6i dit liéu han ché. Vé ung dung, cdc mo hinh
va bo dir liéu dugc xay dung tao nén tang cho viéc phat trién cac hé théng giam sat bo bién
thong minh, hudng téi tw dong hoa, nang cao do tin cdy va giam su phu thudc vao con nguoi
trong van hanh thyc té.
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