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TOM TAT

Trong nghién cieu nay, mé hinh mang no-ron tich chdp két noi dw (dat tén la DOA-ResNet)
dwoc dé xudt nham cdi thién do chinh xdc wéc lwong goc dén cia nguo”‘n tin hiéu vo tuyén. Mo
hinh DOA-ResNet di dwgc phdn tich danh gid bang cdch thay doi so hrong va kich thuée kénh
loc trong I6p tich chdp nham tim ra sy phu thudc giita hiéu nang woc lwong goc va cdac tham 50
dé. Tir d6 dwa ra mé hinh phit hop dé cdn bang giita cdc yéu 16 vé dé chznh xac, do lon moé hinh
va thoi gian thyc thi khi dp dung vao thuc té. Ngodi ra, mé hinh dé xudt con dwoc xem xét s0
sanh véi mot s6 thudt toan hoc mdy khdc nham minh chitng cho hiéu nang vieot tréi ciia né ca vé
do chinh xdc va thoi gian xu Iy.

Tir khoa: Udc luong huéng dén; Mang no-ron tich chap; Mang anten khong ddng nhat.
1. PAT VAN PE

Trong linh vyc gidm sat va trinh sat tin hiéu vo tuyén, goc dén (DOA: Direction of Arrival)
ctia ngudn tin higu 1a mot trong nhitng tham s6 dic biét quan trong, vi nd cho phép xac dinh
hudng/vi tri ciia ngudn phat trong pham vi quan sat [1]. Mic du cho dén nay cac phuong phap
truyén thong xac dinh goc toi bang cach so sanh cac tham sb cua tin hidu nhu bién do, pha, thoi
gian van dang duoc ap dung, song nhitng phuong phap nay dang dan boc 16 nhirng nhugc diém
khi mdi trudng song dién tir ngdy cang day dac voi cac kénh truyen ngdy cang phuc tap. Dé khic
phuc nhiing han ché cua phwong phap truyén thong, mot sO phuong phdp hién dai nhu
Beamforming, MVDR, MUSIC va ESPRIT duoc dé xuét [2]. Dac biét, phuong phap MVDR,
MUSIC va ESPRIT c¢6 kha ning xac dinh dugc nhidu ngudn t6i voi do phan giai cao. Tuy nhién,
day 1a nhitng phuong phap dua trén mé hinh mang anten dung trude nén khi co bat ky thay doi
hoic sai 1éch nao tir thuc té 1dp dat hé thong anten ciing nhu mdi trudng truyén séng thi sai sb
16n s€ xay ra.

Gan day, cac nghién ctru ap dung mang no-ron nhan tao cho bai toan udc lugng DOA cua tin
hiéu vo tuyen va 4m thanh dang nhan duoc sy quan tdm tir cong dong nghién ctru nhim khic
phuc nhiing ton tai ctia cac phuong phap néu trén [3, 4]. That vy, udc luong DOA dya trén cac
thudt toan hoc sau c6 thé cap nhat trong sd theo kénh truyén thyc té, tu dong diéu chinh sai s6 hé
théng. Tuy nhién, mang no-ron lai doi hoi mot phan cung tinh toan di manh dé thuc thi. Nhimng
nam gan déy, su phat trién vuot bic vé cong nghé san xuit chip dd phan nao dap tng dugc cac
mo hinh hoc sau ¢6 s6 lwong trong s6 16n, cu thé 14 kha ning tinh toan song song cua card db hoa
(GPU: Graphic Processing Unit). Do d6, trong nghién ctru nay, mdt mé hinh mang no-ron tich
chép sau dua trén cAu trac két ndi du (residual), dat tén 1a DOA-ResNet, duoc dé xuét dé thuc
hién bai toan udc luong huéng dén cua tin hiéu vo tuyén. M6 hinh DOA-ResNet dugc phan tich
danh gia bang viéc thay d6i sé lwong kénh loc va kich thudc cia ching dé c6 thé lua chon mé
hinh phu hop cho sy can bﬁng gitra d0 chinh xac, d¢ 16n mo6 hinh va thoi gian thyc thi. Bén canh
d6, m6 hinh DOA-ResNet dugce xem xét so sanh véi mot sé thuat toan hoc may khac nhu SVM
(Support Vector Machine) [5], KNN (k-Nearest Neighbors) [6], va DT (Decision Tree) [7] dé
minh chirng cho tinh vuot trdi cua no.
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2. MO HINH TiN HIEU CUA MANG ANTEN TUYEN TiNH

Phan nay trinh biay m6t mo hinh thu tin hiéu ciia mang anten tuyén tinh khong dong déu
(NLA: Non-uniform Linear Array) lam co s dé tao tap dit liéu phii hgp cho mang no-ron d&
xuit. M6 hinh thu tin hi¢u ctia mang anten dugc minh hoa nhu trong hinh 1. Gia sir ring, mang
NLA c6 M phan tir anten dang hudéng co chirc ning thu tin hiéu dé xac dinh huéng dén cia
chung. Gia thiét rang, c6 P ngudn tin hiéu truyén t6i anten trong mit phang phuong vi ¢ cac goc
lan luot 13 @), &,... , G-. Khi d6, tin hiéu tai d4u ra cia mang NLA la:

x(t) = A(9) -s(t) +n(t) 1)

trong d6, s(t) = [s1(t), Sa(t), ..., sp(t)]" 1 véc-to tin hidu cta P ngudn, n(t) = [ny(t), na(t), ..., nu(t)]"
Ia véc-to ctia nhidu tap twong Gmg vai M kénh thu, X(t) = [X1(t), Xa(t),... , Xm(t)]" 12 Véc-to tin hiéu
tai dau ra cua mang NLA véi M ph?m t, A(6) 1a ma tran dinh huéng cia mang NLA, duoc biéu
dién nhu sau [8]:
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Hinh 1. M6 hinh thu tin hiéu cho bdi todn wéc heong hwéng dén.
Tai may thu, tin hiéu tir cic phan tir anten s& dugc chuyén tir twong tu sang s6 dé xir 1y. Goi T,
la chu ky lay mau cua bd bién déi twong tu sang s6 (ADC: Analog to Digital Converter) thi dau
ra cua cua anten c6 thé biéu dién nhu sau [9]:

| [x(T) %@T) - x(NT)T
X = X:Z — XZ(:TS) XZ(:ZTS) XZ(I:\ITS) ’ (3)
X Xu (T) Xy (2T,) -+ %y (NT))

O day, N 1a s6 lwong mAu tin hiéu trong mot ctra sb tin hiéu. C6 thé thy rang, tin hiéu thu X 1a
ma trén s6 c6 kich thuée NxM. Trong truong hop may thu sir dung kénh cdu phuong gom tin
hiéu dong pha (I: In-phase) va vudng pha (Q: Quadratic-phase) thi x 1a ma tran ba chiéu c6 kich
thudc 2xNxM. Nhu vay, ma trén X s€ dugc chi dinh la dir ligu dau vao cho mang no-ron dé xuét
trong nghién ctru nay.
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3. MO HINH MANG NO-RON UOC LUQONG HUONG PEN CUA TiN HIEU

3.1. Huén luyén va kiém chirng

Trong nghién ctru nay, md hinh mang no-ron dugc dé xuit dé ude lwong hudng dén cua tin
hiéu vo tuyén. Trudc khi mo6 hinh dugc sir dung dé thuc thi qué trinh udc luong hudng dén, n6
phai duoc huin luyén véi tap dir liéu. Thay vi tao ra bd dir liéu cb dinh dé huén luyén mang
no-ron, tac gia thuc hién hudn luyén mé hinh véi dir liéu duoc tao ra lién tuc bing mé phong voi
gbc phuong vi ngau nhién va cac murc nhidu/kénh truyén khac nhau. Qué trinh huén luyén dugce
mo ta nhu trong hinh 2(a), trong do c6 thé thiy mdi vong lap mot tin hidu c6 bién do phuc ngau
nhién duoc diéu ché véi tan sd song mang 35 MHz va goc t6i gia dinh duoc tao ra. Pé tao dir
liéu quan sat cho md hinh mang no-ron tich chap (CNN: Convolutional Neural Network) dé
xuét, tin hiéu nay duoc dua qua kénh truyén va thém nhiéu, sau do, nd dugc gia dinh thu bdi mot
méng 5 phan tir anten c6 khoang cach khong dong déu, trong d6 d; = 34/2, d, = 5/2, d3 = 74/2
va d, = 104/2; & day, d; 1a khoang cach giita anten Ajs; va anten tham chiéu A; (nhu biéu dién
trong hinh 1). Bang qua trinh truyén thang, mot goc du doan s& thu duoc & dau ra cia mang
CNN. Goéc du doan nay dugc so sanh véi nhan goc ding dé tao mot gia tri méat mat. Gia tri mat
mat 13 co s& dé cap nhat lai trong s6 ciia mé hinh CNN theo mot phwong phap nhat dinh, vi du
nhu SGD (stochastic gradient descent) hodc ADAM. Trong nghién ctru nay, tac gia lua chon
phuong phap SGD dé thyc hién cap nhat trong s6 cia CNN. Ham cross-entropy dugc sir dung dé
tinh gi4 tri mit mat. Him cross-entropy dwoc mé ta nhu trong biéu thirc sau [10]:

Lee :_6%: Yi log Yis (4)

trong do, yi 1a nhan goc dung, Y, 1a nhan goc du doan va Q 1a sO lugng nhin goc.
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Hinh 2. So d6 hudn luyén va kiém chirng mé hinh mang CNN dé xudt.

Sau khi mang CNN dat duogc sy hoi tu nhét dinh voi gia tri mét métﬂdl’l nhd thi qua trinh‘ huén
luyén s& dugc dung lai. Luc nay mang CNN dé huan luyén s€ dugc kiém ching theo so' d6 hinh
2(b) dé danh gia hi¢u nang cua né dya trén cac tham so do dac nhu sai s0 quan phuong, thoi gian
thuc thi. Trong do, sai s quan phuong dugc xac dinh theo cong thiic sau:

RMSE 0, :1’%i(é _‘9i)2 ®)
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trong do, 6, va é, lan luot 1a gia tri goc ding va goc ude luong dugc ciia md hinh mang CNN,
va L 1a s6 vong lip hay s6 phép thir.
3.2. Mang no-ron dé xuat

Pé thyuc hién bai toan wdc luong hudng dén cua tin hiéu vo tuyén, mdt md hinh mang no-ron
dwa trén cdu trac két ndi du (residual) dugc dé xuit trong bai bao nay va dwoc dat tén 1a
DOA-ResNet. Céu tric cia DOA-ResNet dugc thé hién nhu trong hinh 3. C6 thé thay, mo hinh
DOA-ResNet duogc két cau bai mot diy gom 5 Khéi du 1+5 (Residual block) va Khéi dau ra. Cac
Khdi du 1+5 dong vai tro nhu cac khéi trich chon dic trung, con Khéi dau ra dong vai trd nhu bo
phan loai cudi. M6i Khéi du gdm hai nhanh: mét Nhanh chinh (Backbone flow) va mot Nhanh phu
(Skip-connection flow). Nhanh chinh dam nhiém chirc nang trich chon dic trung cta ludng dit liéu,
con Nhanh phy dam nhiém chirc ning truyén dic trung cii tir 10p chuan héa (Norm) dén két hop
v6i dau ra ciia Nhanh chinh tai 16p cong (addition). Vi 1y do nay, cac 16p tich chap (Conv) trong
cac Nhanh chinh dugc chi dinh vdi K bg loc vai kich thudce 1xk, trong khi do cac 16p Conv trong
Nhanh phu chi ¢ kich thudc 1x1 dé dam bao dic trung tir 16p Norm truyén dén 16p addition khong
bi thay d6i. Dé co thé thuc hién dugc phép cong dic tinh tai 16p addition thi kich thudc tai dau ra
clia hai nhanh phai bang nhau, vi vay s6 lugng kénh loc & hai nhanh phai bang nhau va 16p gop cuc
dai (Maxpool) & hai nhanh phai dugc chi dinh ciing tham sb truot. Cu thé trong nghién ctru nay,
16p Maxpool dugc thiét ké véi kich thudce 1x5 va bude truot (1, 2). Theo sau 16p Maxpool & Nhanh
chinh 1a 16p kich hoat ReLU. Ham kich hoat ReLU dugc lua chon vi n6 cho phép kha ning tinh
toan va hoi tu nhanh hon hu hét cac ham kich hoat khac.

Tiép theo sau Khdi du cudi cing la Khdi dau ra. Khéi nay gom 16p gdp trung binh
(Averagepool), 2 16p kich hoat ReLU, 2 16p két ndi day du (FC), 16p Softmax va 16p Phan loai dau
ra, nhu trong hinh 3. Lép Averagepool co6 kich thudc 1x16 va budce truot (1, 8). Lép FC1 va FC2
lan luot c6 s6 lwong no-ron 1a 256 va 161, trong d6, sb lwong no-ron cua FC2 bang véi sb luong
phan 16p goc udc lugng tir -80° dén +80° véi budce nhdy 1°. L6p Softmax dugc ap dung dé tinh gia
tri x4c suat cho timg phan 16p dau ra, tir 46 dwa ra quyét dinh goc tai 16p Phan loai dau ra.
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Hinh 3. Cdu triic ciia mang no-ron DOA-ResNet.
4. KET QUA MO PHONG VA THAO LUAN

M6 hinh DOA-ResNet dé xuit dugc mo phong bang Matlab va danh gia thong qua viéc thay
ddi cac tham s cua mang no-ron nhu ) luong va kich thudc kénh loc, ciing nhu so sanh hi€u ning
ctia nd voi mot s6 mo hinh hoc mdy khac. Tin hiéu mé phong dugc gia dinh v6i cac tham s6 nhu
sau: tan sd song mang: 35 MHz, ti s6 SNR: tir -20 dB den 25 dB, goc toi gia dinh: tir -80° dén +80°
trong mat phang phuong vi, tan sb 14y mau: 350 MHz, s6 lwong mau cho mot cira s6 tin hidu: 1024.
Céc tham s6 huén luyén dugc thiét 1ap nhu sau: tdc d6 hoc khdi tao 13 0.01 va s& giam 10 lan sau
10000 vong lap; bd tdi wu 12 SGDM véi hé s6 moment = 0.9, chuong trinh huén luyén s€ dung lai
néu sau 3 lan cdp nhat do chinh x4c phan loai goc khong ting. M6 hinh sau huén luyén s& dugc
kiém chig véi tin hiéu méi voi 10000 vong ldp. M6 hinh DOA-ResNet dugc huan luyén va kiém
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tra trén nén tang phan cimg GPU cua Laptop véi cau hinh CPU Intel Core i5 9300H, RAM 16 GB
va GPU GTX 1660ti. Sau day 1a cac két qua mo phong va thao luan.
4.1. Hiéu ning wéc lwgng géc ciia md hinh khi thay déi s6 lwgng kénh loc

Pé danh gia anh huong cia sb lwong kénh loc trong céc 16p Conv ciia md hinh DOA-ResNet
1én hiéu nang u6ce luong goc dén cia tin hiéu vo tuyen tac gia giit cd dinh kich thudc kénh loc 1x7
va thay d6i s6 lwong kénh loc trong céc 16p Conv lan lugt 14 16, 32 va 64. Gia thiét goc dén cua tin
hiéu 1a 10° + 0.5°. Két qua mo phong thé hién trong hinh 4 cho thdy, viéc ting sb lugng kénh loc
c6 thé cai thién do chinh xac udc lugng goc va sy khac biét nay ¢ thé nhan thiy rd rét véi SNR
thap (< -5 dB). Xét vé d¢ chinh xac phén loai goc, mé hinh DOA-ResNet véi 16, 32 va 64 kénh loc
lan lugt dat do chinh xac phan loai goc 1a 85,8%, 88,59%, va 91,25% tai SNR = -5 dB. Khi quan
sat do chinh xac phan loai & mirc SNR cao, c¢6 thé nhan thdy rang, mé hinh vé6i 32 va 64 kénh loc
khong co su khac biét dang ké va tot hon mo hinh véi 16 kénh loc. Xét vé sai sb uéc lugng goc,
mo hinh DOA-ResNet vai 32 kénh loc cho sai s6 woc lugng goc thdp hon méd hinh 64 kénh loc khi
SNR < 0 dB do anh huong ciia nhidu manh, cudng do tin hidu thip hon nén nhiéu. Tuy nhién, khi
SNR > 0 dB thi m6 hinh 64 kénh loc lai cho sai s6 wdc luong goc thip hon mé hinh 32 kénh loc.
Chi y rang, véi SNR < -12 dB sai s6 u6c lugng ctia mé hinh 16 va 64 kénh tuong dbi 16n (sai sb
quéan phuong > 6°), trong khi ¢6, mé hinh 32 kénh loc cho sai s6 wéc luong goc thap hon déng ké
(khoang xap xi 1°). Khi SNR > -8 dB cdc mé hinh 32 va 64 kénh loc déu cho do chinh xac uéc
luong goc tot (< 0.5°) va tét hon dang ké so voi mo hinh 16 kénh loc. Bén canh viéc d4nh gia do
chinh xac phén loai va sai s6 wéc luong goc, viée so sanh sb luong trong sd va thoi gian xir 1y cia
md hinh ciing rit quan trong dé dua ra su lwa chon phit hop véi phan cimg khi 4p dung vao thuc té
hoat dong. Hai tham s6 nay dugc bao cdo trong bang 1 cho thay, khi ting s6 lugng kénh loc tir 32
1én 64 thi s6 lugng trong s6 ciing ting 1én hon 2 14n, diéu nay dan dén thoi gian thuc thi bi cham di
déng ké. Cu thé, thoi gian thuc thi cia mé hinh 16 va 32 khong c6 su khac biét nhiéu va ching
nhanh hon mé hinh 64 kénh loc dén hon 1 ms. Vi vay, cin phai can nhic sy danh ddi gitra d6 chinh
xac voi do lon mo hinh va thoi gian xtr ly cta nd.
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Hinh 4. Hiéu ning wéc heong géc ciia mé hinh DOA-ResNet véi sé lieong kénh loc khdc nhau.
Bdng 1. So sanh do lom va thoi gian thuc thi cua DOA-ResNet voi 56 lwong kénh loc khac nhau.

S6 lwong kénh loc S6 lwong trong sé ciia md hinh Thoi gian thue thi
16 kénh lgc 83531 (6,8 +0,5) ms
32 kénh loc 141803 (6,9 £0,5) ms
64 kénh loc 307499 (8.1 +0,5) ms
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4.2. Hiéu niing wéc lwgng goc ciia md hinh khi thay doi kich thuée kénh loc trong 16p tich chap

Tir két qua mo phong, danh gia theo s6 lugng kénh loc bén trén, tac gia lya chon ¢ dinh 64
kénh loc cho viéc mé phong, danh gia theo kich thudc kénh loc nay. Kich thudce kénh loc s€ thay
ddi boi cac thong sb 1an luot 12 1x3, 1x5 va 1x7. Két qua so sanh hiéu ndng phan loai goc cho
cac kich thuée kénh loc khac nhau dugc thé hién trong hinh 5. Co thé théy ré‘mg, khi kich thudc
kénh loc cang 16n thi cang nhiéu tinh nang dai dién s€ dugc hoc bdi mo hinh CNN va do d6 do
chinh xac phan loai goc sé ting 1én. Cu thé, xét vé do chinh xac phan loai goc, md hinh cé kich
thude bo loc 1x7 cho d6 chinh xac cao nhit, va do chinh xac thap nhat xuat hién & mé hinh co
kich thudc bd loc 1x3. Néu xét vé sai sé ude lugng goc, mod hinh 1x7 ¢6 sai s6 16n hon hai mo
hinh con lai khi SNR < -10 dB, va sai so nay thap hon dang ké so v6i md hinh 1x3 va 1x5 khi
SNR = -8 dB. Tuong tu nhu m6 phong trudc, s6 luong trong sO cua cac mé hinh va thoi gian
thyc thi cho mot dy doan goc ciling dugce do dac. Két qua do hai tham sb nay thé hién trong bang
2 cho théy, khi kich thudc kénh loc ting ciing lam cho s lugng trong s clia mé hinh ting,
nhung khong c6 su khac biét 16n vé thoi gian thuc thi giita cac mo hinh.
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Hinh 5. Hiéu nang woc lwong goc cia mé hinh DOA-ResNet voi kich thude bo loc khdc nhau.
Bdng 2. So sanh d¢ lon va thoi gian thyc thi cua DOA-ResNet voi kich thuoc bo loc khdac nhau.

Kich thuwée kénh loc S6 lwong trong s ciia md hinh Thoi gian thye thi
1x3 240683 (8.0+£0,5) ms
1x5 274091 (8.0+0,5) ms
1x7 307499 (8.1+£0,5) ms

4.3. So sanh DOA-ResNet v&i cac md hinh hoc may khac

Trong phan ndy, md hinh DOA-ResNet v6i 64 kénh loc kich thude 1x7 dugc xem xét so sanh
v6i mot s6 thuat toan hoc may khac nhu SVM, KNN véi hé s6 k = 5, va DT. DAy la ba thuét toan
hoc may phd bién dugc sir dung rong rai trong nhiéu linh vuc, trong d6 ¢ bai toan udc lwong
huéng dén cua tin hiéu. Pau vao cia cac md hinh ciing 1a dit liéu thé c6 kich thude 2x1024x5
nhu d6i véi mo hinh DOA-ResNet. Két qua so sanh vé do chinh xac phan loai goc duoc thé hién
nhu trong hinh 6. C6 thé nhan thy rang, DOA-ResNet cho d6 chinh xac phan loai goc trung
binh cao hon cac mo hinh con lai, dic biét 1a khi SNR > -12 dB.

Bén canh do, thoi gian xt 1y cia caic m6 hinh SVM, KNN va DT ciing dugc do dac va nhén
duoc cac gia tri 1an lugt nhu sau: 3,3 s d6i voi SVM, 38,3 ms ddi voi KNN va 14,4 ms ddi voi
DT. Mb hinh SVM vén duoc st dung cho bai toan phéan loai nhi phén va c6 kha nang mo rong
cho da phén 16p. Tuy nhién, v6i s6 lugng phén 16p goc la 161 va kich thuge dir liéu dau vao 16n
nén md hinh SVM xir 1y rat cham, day 1a nhugc diém cb hitu cia SVM, va ciing 1a nhuoc diém
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chung ciia cac mé hinh hoc may truyén thong khac. M6 hinh KNN do phai thyc hién phép toan
so sanh khoang cach giita cac diém dit liéu nén thoi gian xtr 1y cling twong dbi cham. M6 hinh
DT cho hiéu qua nhanh hon hai mé hinh vira néu, nhung do luéng dir liéu dac trung 16n nén chi
dat toc do xir ly 14,4 ms. Luu y rﬁng, dir liéu cang 16n thi cAc mo6 hinh SVM, KNN va DT xu ly
cang chdm. Nguoc lai, md hinh DOA-ResNet do chi cép nhat trong sO theo dir liéu nén tc do xur
1y van dam bao nhanh khi st dung dit liéu 16n. Hon thé nia, dir liéu cang 16n va cang da dang thi
mo hlnh DOA-ResNet cang cho d6 chinh xac cao ma van dam bao toc d6 xir Iy. Nhu vy, c6 thé
thdy rang, mé hinh DOA-ResNet ma tac gia dé xuit trong nghién ciru nay vuot troi hon cac thuat
toan hoc may ca vé do chinh xac va thoi gian xu 1y.

100
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\5 40 +
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%‘ 20+ —v—KNN
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Hinh 6. So sdnh DOA-ResNet vdi cac thudt todn hoc may khdc.

5.KET LUAN

Bai bao di dé xuat va danh gia mot mo hinh mang no-ron tich chap hoc sau theo ciu tric
residual, dat tén 1a DOA-ResNet cho bai toan udc lugng hudng dén tin hiéu vo tuyén. M6 hinh
nay da cho thiy su vuot troi so véi cac thuat toan SVM, KN va DT khi so sanh vé do chinh xéac
phén loai goc va thoi gian xur ly. Méc do DOA-ResNet chua phai 1a m6 hinh t6i wu nhat, nhung
n6 s& 1a tién dé dé tac gia tiép tuc nghién ctru, phat trién cac, ndi dung khéac trong viéc st dung
mang no-ron nhén tao giai quyet bai toan dinh hudng ngudn tin hiéu vo tuyén. Nhimng dinh
huéng nghién ctru tiép theo: 1) t6i vu mang no-ron cho cho bai toan udc lugng hudng dén; (2)
thyc hién wéc lugng nhiéu ngudn tin hidu twong quan va khong tuong quan; (3) thyc nghiém do
dac, kiém chimg va dua mé hinh vao tmg dung trong thyc tién.
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ABSTRACT

The direction of arrival estimation of radio signal sources
using convolutional neural network model for non-uniform anten array

In this study, a Residual convolutional neural network model, named DOA-ResNet,
is proposed to improve the direction of arrival (DOA) estimation accuracy of radio
signal sources. The DOA-ResNet model is analyzed by changing the number and size of
filter channels in the convolutional layer to find the dependence between the angular
estimation performance and those parameters. Based on the evaluation, a suitable
model is proposed for a trade-off between accuracy, model size, and execution time
when it is applied in practice. In addition, the proposed model is compared with some
other machine learning algorithms to demonstrate its remarkable performance in both
accuracy and processing time.

Keywords: Direction of Arrival; Convolutional Neural Network; Non-uniform Linear Array.
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