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TOM TAT

Trong ra da hang hdi, tin hiéu phan xg dong vai tro quan trong trong viéc nhan dang muc tiéu.
Viéc img dung cdc ky thudt hoc mday nhw mang no-ron hoi quy (RNN) va mang no-ron tich chdp
(CNN) da thu hut sw quan tdm cia cdc nha nghién ciru trong linh viee phan tich di liéu ra da. Ca
Iy thuyét va thiee nghiém déu chirng minh rdang viéc sir dung cdc kyj thudt ndy c6 thé cdi thién hiéu
sudt phan loai muc tiéu ra da dwa vao luwong dir liéu muc tiéu phong phu. Tuy nhién, sy han ché
vé dit liéu ra da thuc té dang can tré sw phdt trién ciia cdc ky thudt phan tich dit liéu ra da. Trong
bai bdo nay, ching t6i tdp trung vdao phan tich va danh gid hiéu sudt ciia cdc mé hinh phan logi
SCNet, TARAN, TACNN va RERAN, tién hanh thuc nghiém va tinh chinh mot 56 tham sé dé nang
cao hiéu qua phan logi. Cac thir nghiém dwogc thuc hién trén cac b dir liéu ra da Doppler va ra
da hang hai. Két qua thiee nghiém cho thdy cac mé hinh SCNet va RFRAN c¢6 kha néng t6i wu va
6 thé hé tro hiéu qua viéc nhin dang muc tiéu ra da hang hai.

Tir khoa: Ra da hang hai; Hoc sau; Phén loai muyc tiéu; Mang no ron hdi quy; Mang no ron tich chép.
1. MO PAU

Nhén dang muc tiéu ra da hang hai 1 su két hop giita két qua quan sat truc quan véi ky thuét
xtt Iy, phan tich dit liéu ra da. Sy phat trién cua k¥ thuat va cong nghé nhan dang muc tiéu hién
nay da cho phép nguoi ding c6 thé phan biét chinh xac muc tiéu dén kiéu loai cia may bay, tén
Itra, tau thuyén hay cac loai myc tiéu khac. Nhan dang muc tiéu ra da hang hai duoc dua vao 5 can
ctr co ban dé phan doan muc tiéu [1], bao gdm: Pic trung tin hidu phan xa ctia muc tiéu (phd séng
héi); Tbe @6 di chuyén cua muc tiéu; Cy ly phat hién cia muc ti€u; Quy luat hoat dong cia muc
tiéu va thong tin bén ngoai. Trong do6, can ctr vé pho séng hdi 1a quan trong nhat, né thé hién &
chét lugng quy dao muc ti€u va hinh dang duong bao tin hiéu muc ti€u phan xa tro vé ra da. Tx
do, trac thi ¢6 thé suy dién muc d6 dao dong tan xa, udc luong kich thudce hinh hoc va hanh vi cia
muc tiéu. Dé sir dung két qua phén tich phd song hoi, nguoi dung can x@y dung mot bo tur dién
song hdi cho cac kiéu loai muc tiéu dé tra ctru va tham khao. Sb luong kiéu loai muc tiéu ngay
cang nhiéu, bo tir dién ngay cang 16n dan, trong khi dé céc tric thu chu yéu thao tac bang thu cong,
kha nang tinh toan, phén tich ¢6 han [2]. Nhing han ché nay da mé ra co hoi thu thap b tir dién
day du va st dung Al dé hd tro tric thu phan tich, tra ctu va nhdn dang muc tiéu.

Gan day, nho kha niang xir 1y tin hiéu va tinh toan thoi gian thyc, da thu hut sy quan tim rong
rdi trong linh vic nhan dang myc tiéu ra da (RATR) [3-10]. Mot s6 cong trinh dién hinh nhu cong
trinh [10] d& xuit mot phuong phéap bién ddi ti vu mo (FOT) dé nhan dang muc tiéu ra da. Phuong
phap RFRAN [11] dugc dé xuét bang cach két hgp mang no-ron hdi quy, co ché cht y va phan
cum sdu dé xt 1y tin hiéu ra da.

Theo thyc té thu thap dit liéu ra da hang hai cho thiy dir liéu ra da ton tai sy twong dong gila
cac loai muyc tiéu va su thay ddi lién tuc cua tin hiéu phan xa. Ching han: i) Hai loai tau thuyén
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khac nhau c6 thé tao ra cac tin hiéu ra da rat glong nhau; ii) Cung mot kiéu loai tau thuyen nhung
tin hiéu phan xa cua 2 vong quét an ten ké tiép nhau c6 thé khac nhau; 1ii) Hai tau thuyén khéac
nhau vé hinh dang va kich thudc, nhung & nhimng vi tri khac nhau ciing c6 thé cho tin hiéu phan xa
gidng nhau. Hon nira, diéu kién moi truong thay doi ciing anh huong dén tin hiéu ra da, lam cho
viéc phén loai tré nén kho khin hon. SCNET [12] da duoc dé xuét dé giai quyét van dé dir lidu
thiéu, khong dong nhat. Két qua thuc nghiém cho thiy phuong phap SCNET c6 kha ning hoat
dong tdt hon cac phuong phap truyén théng trong viéc nhan dang muc ti€u ra da, dac bict khi dir
liéu khong day du.

Tém lai, cdc mo6 hinh RFRAN va SCNet 1a 2 dai dién cai tién cua céc k¥ thuat hoi quy va tich
chap c6 kha nang hoc dugc mot vai dic trung phtrc tap cua dir li€u ra da, trong d6 ¢6 dir liéu ra da
hang hai. Trong bai bao nay, ching t6i phan tich mé rong cac ky thudt va quy trinh thiét ké cac
mo hinh phan loai. B@)ng thoi, trién khai thue nghié€m trén cac b¢ dit liéu ra da Doppler va ra da
hang hai thu thap duoc tir d& tai nghién ctru. Két qua thuce nghiém dugc so sanh va phan tich véi
mot vai mo hinh phan loai truyén thong, 1am co s dé xuat giai phap hiéu chinh mé hinh dé dat
duoc hiéu suét cao hon.

Phan con lai cta bai bao dugc td chirc nhu sau: Muc 2, phan tich thiét ké va quy trinh huén
luyén, kiém tra cdc mo hinh RFRAN va SCNet. Muc 3, trinh bay két qua thuc nghiém cac mé hinh
trén cac bo dir liéu ra da va mot vai phan tich, dé xuét nhiing phuong phap hiéu chinh m6 hinh daé
dat dugc hiéu suat cao hon. Cudi ciing, chiing t6i két luén va cung cip cac hudng nghién ctru trong
tuong lai trong muyc 4.

2. QUY TRINH HUAN LUYEN MO HIiNH HQC MAY

2.1. M6 hinh RFRAN

RFRAN (Region-Factorized Recurrent Attentional Network) [11] duoc két hop mang no-ron
hdi quy (RNN) v6i co ché cht v va chién luge phan cum sdu dé truy xuét cac thong tin phan bd
theo ving cua dit liéu ra da. Piém dic biét cia RFRAN 1a kha nang xir 1y thong tin theo thoi gian,
tap trung vao cac ving muc tiéu quan trong va bo qua cac ving nhiéu, tir 46 cai thién hiéu qua
phan loai. So d6 ciia mé hinh RFRAN duogc biéu dién trong hinh 1.

/
|
|-
e
|
|
|

Pau vao

Hinh 1. So' d6 mé hinh RFRAN [11] gom 5 thanh phan chinh: a) Pau vao; b)Phdn cum sdu;
¢) Mang no ron hoéi quy, d) Co ché chu y; e) Dau ra.
Céc thanh phin cua mé hinh RFRAN duoc trinh bay trong cac ndi dung dudi day.
Ddu vdo X 1a chudi dit liu thoi gian va tap tham s6 ddic trung vé chu tric va xir 1y dir liéu trong
qué trinh huan luyén mo hinh (batch_size, seq_len, input_dim). Phdn cum sau DEC (Deep
Embedded Clustering) 1a mdt mo hinh két hop gitra hoc sdu va phan cum dé trich xuat cac dic
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trung théng qua mang no-ron tich chap va ky thuat phan cum K-means. Mang no-ron héi quy RNN
c6 kha nang ghi nh¢ trang thai trudc do dé dy doan hodc suy dién cho cac budc ti€p theo. Co ché
chi y (Attention Mechanism) tdp trung vao cac phan tr quan trong nhat thay vi xur 1y tat ca cac
phan tr cua dau vao voi trong s6 giong nhau.

2.2. M6 hinh SCNet

SCNet duogc thiét ké dé trich xuat dac trung tan xa tur tin hi¢u ra da va su dung cac mau tach
biét dé nhan dang muc tiéu, dac bict hi€u qua vadi cac muc ti€u co6 su bién doi veé gdc nhin. SCNet
¢6 4 thanh phan chinh nhu minh hoa trong hinh 2:
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Hinh 2. M6 hinh SCNet[12] ciia mang no-ron tan xa.

Pau vio X: La dir liéu muc tiéu ra da, dugc biéu dién bﬁng cac d6 thi song phan hdi cua céac
muc tiéu khac nhau nhu "People," "Drones," "Cars," v.v. SC-layer (Scattering Center Layer): bao
gom cac pha khac nhau lam nhiém vu phan tich cac déc trung tan xa ctia muc tiéu. B9 phdn logi
muyc tiéu da goc nhin: St dung cac mau tach bi€t d€ phan loai muc ti€u dya trén cac goc nhin khac
nhau ctia myc tiéu. Ham muc tiéu: Ham muc tiéu dugc s dung d¢ toi vu hoa mo hinh. Bao gom
hai thanh phan: LP: Ham mat mat gitip dam bao mo hinh hoc dugc cac dic trung phan biét tot
gifta cac 16p muc tiéu. LPP': Ham mat mat gitip toi vu hoa khoang cach giira cac 16p khac nhau dé
tang tinh phan biét gitra cac muc ti€u. Két hgp hai thanh phan nay voi trong so A d€ toi uu hda toan
bd mo hinh.

2.3. Quy trinh d¢ huin luy¢n mé hinh phan loai

Theo két qua khao sat va nghién ctru, chiing t6i tong hop duoc mot quy trinh xay dung mot mo
hinh phan loai dit liéu, bao gom cac budc co ban sau:

Budre 1: Xac dinh van dé va yéu cau dir liéu: Bao gdm xac dinh muc tiéu ciia md hinh, lya chon
ki€u phan loai phu hgp, danh gia cac yéu cau vé d6 chinh xac va toc do du doan ctia mé hinh.

Buwére 2: Thu thap va xt 1y dit liéu: Thu thap dir liéu tir cac nguén khac nhau, nhu co s& dir liéu,
API hodc bo dir liéu c6 san. Lam sach dir li€u 106i, thiéu, hodc khong phu hgp. Chuan héa dir liéu
bang cach dua céac dic trung ve cung mot thang do. Chuyén doi cac dac trung phan loai thanh so.
Chia tap dir li¢u thanh céac tap huan luyén va kiém thir.

Bude 3: Lya chon md hinh: Chon mé hinh phén loai pht hop véi loai dit liéu va yéu ciu cua
de tai nghién ctru. Bao gom RFRAN, TARAN, SCNet va TACNN.

Bude 4: Huin luyén md hinh: Cung cAp tp huin luyén cho mé hinh va diéu chinh tham sb dé
toi vu hoa hiéu suat.

Buéc 5: Danh gia mo hinh: Str dung tap kiém thir dé danh gia mé hinh qua do chinh x4c phan
loai va phan tich ma tran nham lan d¢ di€u chinh mé hinh.

Budre 6: Tinh chinh mé hinh: Téi wu héa siéu tham sb va str dung cac phuong phap t6i wu dé
cai thién hiéu suat.

Budre 7: Trién khai m6 hinh: Chuén bi mé hinh dé sir dung trong méi trudng thuc té. Xay dung
API hoac tich hop truc ti€p vao ung dung.

Buwéc 8: Bao tri mo hinh: Giam sat hiéu sut ciia mo hinh sau khi trién khai dé dam bao do
chinh xac. Cap nhat mo hinh khi ¢6 thém dit liéu mai hodc khi hiéu suat giam sut.
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Quy trinh ndy s& gitp chiing ta xdy dung md hinh phan loai hi¢u qua tir dau dén khi trién khai
va duy tri. Tuy nhién, m&i mé hinh hoc méay c6 thé bd sung thém mot vai budce chi tiét. Chang han,
mo hinh RFRAN c6 cong doan phén tich phan cum sau DEC, trong khi m6 hinh SCNet c6 cong
doan phan tich cic déc trung tan xa. M&éi cong doan bo sung tao nén nhiing khac biét va cai thién
hiéu suét cho mé hinh dugc tich hop.

3. KET QUA THU'C NGHIEM

3.1. Phwong phap thuc nghiém

Dit liéu dugc thr nghiém bao gém 2 bo dir liéu ra da hang hai va b dir liéu ra da ~Doppler. Dir
liéu myc tiéu duoc dinh dang bdi cac ma tran 2 chiéu luu trong cac t€p “*.csv”. Moi bd dir liu
bao gdm céc t€p “*.csv” dugc td chure trong cac thu muc, moi thu muc mang tén ki€u loai cua dir
liéu, chura cac tép “*.csv” tuong ung.

B¢ dir liéu ra da Doppler dugc thu thdp va gan nhén boi nhém nghién cau [13, 14] tir RAD-
DAR (Digital Array Receiver), bao gdm 3 thu myc tuong tmg vdi 3 kiéu loai myc tiéu Cars (5.720
mau), Drones (5.065 mau) va People (6.700 mau)~ MJi tép dir lidu “*.csv” chira ma tran 11x61,
duogc cdt ra tu ma tran 4092x512 tuong Gng v4i moi canh dugce thu dugc.

B¢ dir liéu ra da hang hai dugc thu thép boi dé tai nghién clru, bao gom 5 thu muc tuong frng
v6i 5 kiéu loai myc tiéu Tau ca (4.744 mau), Tau nghién ctru bién (5.328 mau), Tau thuong mai
(3.840 mau), Tau cliru ho (3.942 mau) va Tau chip phap (7.533). M01 tép dir li€u “*.csv” chlra ma
tran 40x40, dugc cét ra tir ma tran 6.200x18.520 twong ng v6i mdi trang video. 3.2. Phuong phap,
cong cu thuc nghiém.

Thyc nghiém kiém tra mé hinh phan loai dwoc tién hanh trén cac mé hinh SCNet [12] dé nhéan
dang muc tiu ra da dua trén phén tich cac trung tam tan xa trong dit liéu ra da; TARAN [7] sir dung
co ché chu ¥ va mang RNN dé xac dinh va luu gilt cac dac trung quan trong; TACNN [8] ket hop
mang no-ron tich chdp va co che chii y d€ trich xuat cac déc trung cua dir li¢u ra da va RFRAN [12]
két hop co ché chu y va phan cum su dé cai thién kha nang nhan dang muyc tiéu ra da.

Cong cu lap trinh Visual Studio Code dwa trén ngdn ngir Python dé 1ap trinh va bién dich cac
mo hinh tham gia thir nghiém.

3.2. Két qua thwc nghiém va théo luin
3.2.1. Thyc nghiém 1

Thuc nghiém nay, chiing t6i tién hanh kiém tra phan loai trén 2 bo dir lidu ra da su dung cac
mod hinh SCNet [12], TARAN [7], TACNN [8] va RFRAN [11]. B tham s0 khoi tao mé hinh
duoc cai dat theo bang 1 dudi day.

Bing 1. Cai dat cdc tham sé mé hinh phan logi.

Tén tham s6 Gia tri Tén tham s Gia tri Tén tham s Gia tri
Epochs 20 Num_layers 1 Hidden_dim 128
Learning_rate 0.001 Batch_size 32 Optimizer Adam

Két qua thyc nghiém kiérnqtra cac mo hinh phan loai dugc dinh lugng baéi chi ti€u danh gia do

chinh xac phén loai va dugc tong hop trong bang 2.
Bdng 2. Do chinh xdc trén thuc nghiém kiém tra cdc mé hinh SCNet, TARAN, TACNN va
RFRAN, si dung 2 bo dir liéu ra da trong bdang 2.

Tén md hinh SCNet TARAN TACNN RFRAN
Ra da Doppler 78,5% 92,1% 90,1% 90,2%
Ra da hang hai 82% 87% 90% 90%

Dua trén cac két qua thyc nghiém ching ta c6 thé théy: Trén bd dir li€u ra da Doppler, do chinh
xac cua cac mo hinh phan loai SCNet, TARAN, TACNN, RFRAN tuong tng la 78,5%, 92,1%,
90,1% va 90,2%. Trén bo dit li€u ra da hang hai, 40 chinh xac ctia cac mo hinh phén loai SCNet,
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RFRAN, TARAN va TACNN tuong ting 14 82%, 87%, 90% va 90%. Cé thé 1y giai rang, cic md
hinh TARAN va RFRAN to ra vuot trdi trong viéc phan loai muc tiéu ra da, dac biét 1a trén Qﬁ'
liéu Doppler dya vao co ché chi y cua chung. Trong khi mé hinh SCNet chi dat 78.5% cho thay
SCNet chua phat huy kha nang phan tich chi tiét cac trung tam tan xa trong di li¢u ra da.
3.2.2. Thyc nghiém 2

Trong thyc nghiém nay, ching t6i tién hanh diéu chinh mot s6 ky thuat va tham §6 cho cac mo
hinh phan loai. Cu thé 1a i) Di€u chinh giam toc do hoc Learning_rate tir 0.001 xudng 0.0001 dé
hoc dugce t6i wu toan cyc; ii) Di€u chinh tang Batch_size tr 32 1én 64 va Hidden_dim tir 64 1én
128 dé giup mo hinh hoc dugc cac dac trung phuc tap hon tir dit 1iéu ra da.

Thuc nghiém nay, ching toi tiép tuc tién hanh trén 2 bo dir liéu ra da sir dung cac mé hinh
SCNet [12], TARAN [7], TACNN [8] va RFRAN [11].
Két qua thyc nghiém kiém tra cac mo hinh phan loai dugc dinh lugng béi chi tiéu danh gia do
chinh xac phan loai va dugc tong hop trong bang 3 dudi day.
Bdng 3. D¢ chinh xdc trén thuc nghiém kiém tra cdc mé hinh
SCNet, TARAN, TACNN va RFRAN.

Tén mo hinh SCNet TARAN TACNN RFRAN
B6 dir li¢u ra da Doppler 92% 87% 90% 85%
B¢ dir liéu ra da hang hai 88% 82% 91% 90%

Theo két qua thyc nghiém tir 2 cai dat cac mo hinh phan loai, chiing ta nhan théy:

- V& hiéu suét phénﬂloai: TACNN va SCNet cho théy hi€u qua phéan loai cao trén ca hai bo d&
liéu, v&i SCNet t6 ra noi troi h0’n mét chut trén (}fr liéu Doppler, trong khi TACNN thé hién sy 6n
dinh trén dir liéu canh gidi bién. Diéu nay cho thay ky thuét tich chép phat huy duoc kha néng trich
xudt cac dic trung quan trong trong ra da Doppler.

- Vé do 6n dinh v6i dir li¢u phure tap hon: SCNet va TACNN phu hop cho dir liéu ra da Doppler
va canh gidi bién dac biét TACNN dat 91% doi voi dit liéu canh gidi bién. Cac md hinh TARAN
va RFRAN ¢6 d9 chinh xac thap hon khi so sanh v6i SCNet va TACNN, dac biét trén dir liéu muc
tiéu ra da canh gidi bién. Tuy nhién, sy gia tang do chinh xac cua RFRAN c¢6 thé do k¥ thuat phan
cum trong do da dugc phat huy.

3.2.3. Thyc nghiém 3

Trong thuc nghiém nay, chung t61 tién hanh bd sung thém thoi gian huén luyén cho cac mo
hinh phén loai bang cach di€u chinh tang tham s6 Epchos = 35, cac tham s6 khac dugc giltt nguyén
nhu doi véi thuc nghiém 2 da trinh bay ¢ trén.

Thuc nghiém nay, ching t6i tiép tuc tién hanh trén 2 bo dir liéu ra da sir dung cac mo hinh
SCNet [12], TARAN [7], TACNN [8] va RFRAN [11].

Thyc nghi€ém kiém tra cac mo hinh phén loai duge dinh lugng bai chi ti€u danh gia d6 chinh
xac phan loai va dugc tong hgp trong bang 4, ma tran nham lan dugc trinh bay trong hinh 3.

Theo két qua ma tran nham lan trong hinh 3 cua cac mo hinh phan loai dir li¢u ra da hang hai,
ching ta c6 thé d€ dang nhan thay do chinh xac phén cum dat dugc két qua kha cao doi vai cac
mo hinh TACNN, TARAN, $CNet Vé‘RFR‘AN. Tuy nhién, murc d0 nham lan van xay ra gitra cac
|6p v6i nhau. Di€u nay c6 the 1y giai rang ton tai mot so it cac ma trdn tin hiu cta cic 16p c6 cac
kich thudce 16n nhung ¢ cu ly xa nén hinh dang tin hi¢u thu duoc gidng cac ma tran cua céac 16p co
kich thudc nhé nhung & cu ly gan, nén bi nhan nhdm Idn sang nhau.

Theo két qua phén loai ctia cac md hinh SCNet, TACNN, TARAN va RFRAN trong trudng
hop tang Epochs = 35 trén hai by dir liéu ra da Doppler va ra da canh gidi bién, chung ta d& dang
nhan thay: Hiéu suat trén cac md hinh déu gitt duoc on dinh trén bo dir li€u ra da Doppler. Trong
khi chi c6 cac md hinh TACNN va RFRAN van giir dugc 6n dinh khi phan loai dit li€u ra da canh
gidi bién, s6 lugng 16p tham gia phan loai duoc ting 1én.
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Bdng 4. D¢ chinh xdc trén thuc nghiém kiém tra cac mé hinh SCNet, TARAN, TACNN va
RFRAN, sur dung 2 bo dir liéu ra da trong bang 1 voi diéu chinh tang thoi gian hoc.

Tén md hinh SCNet TARAN TACNN RFRAN
B0 dir liéu ra da Doppler 90% 90% 90% 90%
B¢ dit liéu ra da hang hai 89% 84% 90% 91%
Confusion Matrix: TACNN, Accuracy: 91.02%, Epochs: 20, Learning Rate: 0.0001 Confusion Matrix: TARAN, Accuracy: 82.57%, Epochs: 20, Learning Rate: 0.0001
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Hinh 3. Ma trdn nham lan.
4. KET LUAN

Qua qua trinh phan tich va thuc nghiém voi cac mo hinh SCNet, TARAN, TACNN, va RFRAN,
Kkét qua cho théy cac md hinh co ban déu dat duoc hiéu suit kha cao, dic biét sau khi cai tién cac
tham s6 nhu s6 16p an va s6 tang hoi quy, voi do chinh xac trén dén 90% trén ca hai bo dit liéu ra
da Doppler va ra da hang hai. Cac mo hinh khac nhu TARAN va SCNet tuy dat két qua thip hon
nhung van trén 80%, chu yéu do han ché trong kha ning hoc siu cac dic trung cia tin hiéu ra da.
Tir cac két qua thuc nghiém nay, bai bao dd dé xuit cac k¥ thuat cai tién va t6i uu hoa tham sb,
gitip nang cao hiéu suit phan loai cho cac bai toan phén loai dit liéu ra da trong twong lai.

Hudng phat trién trong twong lai cho viée cai tién mot vai ki thuat cia mé hinh RFRAN noi
riéng va ca 4 mé hinh ndi chung. C6 thé tap trung vao mot s6 khia canh nhu: Tang cudng co ché
cha y da hudng dé cai thién kha ning nhan dang muc ti€u trong cac tinh hubng phirc tap; Két hop
v0i cac phuong phap tich hop déc trung tir nhleu nguon khéc nhau de tang kha nang phan loai tot
hon; THi wu héa tham sé huan luyén nhu s0 tang an, kich thudce lop 4 an va toc do hoc c6 thé duoc
diéu chinh va thir nghiém thém dé dat hiéu suét tot hon; Phat trién mo hinh két hop gitra hoc ¢o
gidm sat va khong gidm sat dé nang cao kha ning phén loai ctia mé hinh; Tdi uu héa hiéu ning
trén GPU gitip ting toc do huin luyén, dic biét voi dir liéu ra da 16n va phirc tap dé phat trién mo
hinh tmg dung trong cac h¢ thong ra da thoi gian thyc.

Loi cam on: Nhom tac gia cam on sw tai tro vé kinh phi cia dé tai ma s6 PTVCN.01.23.VCNTT.
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ABSTRACT
Deep learning models approach for maritime radar target data classification

In maritime ra da systems, reflection signals play a crucial role in target identification.
The application of machine learning techniques, such as recurrent neural networks (RNNs)
and convolutional neural networks (CNNs), has gained the attention of researchers in the
field of ra da data analysis. Both theoretical and experimental results demonstrate that these
techniques can enhance ra da target classification performance by utilizing a diverse
amount of target data. However, the limited availability of real ra da data has constrained
the development of ra da data analysis techniques. In this paper, we focus on analyzing and
evaluating the performance of classification models, including SCNet, TARAN, TACNN, and
RFRAN. We conduct experiments and fine-tune several parameters to improve classification
performance. Experiments were carried out on Doppler ra da and maritime ra da datasets.
The results show that SCNet and RFRAN can be optimized to effectively assist in maritime
radar target recognition.

Keywords: Maritime radar; Deep learning; Target classification; Recurrent Neural Networks (RNN); Convolutional
Neural Networks (CNN).
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