Nghién ctru khoa hoc cong nghé

DOA-CNN: M hinh tu dong hiéu chinh sai s6 hé thong, ning cao df chinh
xac woc lugng hlro’ng dén caa tin hi¢u vo tuyen

Nguyén Duy Thai®”, Hoang Van Phuac?, Lé Thanh Hai'

vién bién tir, Vién Khoa hoc va Cong nghé quan su;

2Vién Tich hop hé théng, Hoc vién K¥ thuat quan suy.

“Email: ndthai03@gmail.com

Nhdn bai: 23/5/2023; Hodn thién: 0318/2023; Chdp nhén ding: 08/8/2023; Xudt ban: 25/8/2023.
DOI: https://doi.org/10.54939/1859-1043.j.mst.89.2023.43-51

TOM TAT

Bai bdo trinh bay két qua nghién ciu dé xudt mang no-ron tich chdp hoc sdu, ddt tén la
DOA-CNN, cho bai toan wdéc lugng hwong dén (DOA: Direction of Arrival) ciia tin hiéu vé tuyén
st dung mdng ang ten tuyen tinh dong déu (ULA: Uniform Linear Array) nham ndng cao dé
chinh xac woc lwong trong cdc truong hop xay ra 16i hé théng phé bién, nhu: sai léch vi tri cdc
phan tir ciia mang dng ten; sai sé bién dg va pha gdy ra do sai léch dwong truyén tuyén thu. Mo
hinh DOA-CNN dueoc thiét ké véi cdc 10p nhan tich liiy nham tang cwong déic trung dai dién cho
dit liéu théng qua cdc tang tich chdp, tir d6 cé thé thuc hién bai todn phdn 16p géc DOA. Két qua
danh gida, so sanh do chinh xdc woc lwong cia mé hinh DOA-CNN véi cdc phuwong phdp CBF,
Capon, MUSIC, Root-MUSIC, ESPRIT va mét sé mé hinh hoc mdy khdc cho thay: néu cdu hinh
cua mang ULA va may thu la ly tuong thi Root-MUSIC va ESPRIT cho dg chinh xdc tot nhat, do
cac phuwong phdp nay tinh truc tiép géc DOA trong khi nhitng phuwong phap con lai woc lwong
DOA thong qua phé goc nén do chinh xdc phu thugc vao do phan giai phé; Tuy nhién, néu xudt
hién sai so vi tri cdc phan tir mang ULA Va sai léch dwong truyén trong tuyen thu thi mo hinh
DOA-CNN dé xudt cho do chinh x&c vieot tréi so véi cdc phwong phdp truyén thong va toc d xir
Iy nhanh hon mét s6 mé hinh hoc may khdc.

Tir khéa: Ubc lwgng huéng dén; Mang no-ron tich chap; Sai s6 vi tri; Sai sb bién d6 va pha.
1. PAT VAN BE

Udc lugng hudng dén cia tin hidu vo tuyén 1a mot trong nhimg ky thut xir 1y mang quan
trong, dugc ap dung trong nhiéu hé thong tur thong tin vo tuyén dén trinh sat, tic chién dién ti.
C6 réat nhiéu phuong phap tur truyén théng dén hiéu dai duoc ap dung dé udc lugng huéng | dén
clia tin hiéu vo tuyén, c6 thé chia thanh cic nhom nhu sau: (i) phuong phép so sanh tham sé tin
hiéu (so sanh bién d9, so sanh pha, hi€u thoi gian tdi) [1]; (ii) phuong phap quét bap song (tao
bup séng thong thuong (CBF: Conventional Beamforming), dép tmg khong bién dang phuong
sai cyc tiéu (MVDR: Minimum Variance Distortionless Response)) [2]; phwong phap phan tich
khong gian con tin hiéu (phén loai da tin hiéu (MUSIC: Multiple Signal Classification) [3] va
wéc lugng tham s tin hiéu bang ky thudt bat bién xoay (ESPRIT: Estimation of Signal
Parameters via Rotational Invariance Techniques)) [4]. Ngoai ra, mét s0 phuong phép m¢ rong
nhu: Root-MUSIC [5], Smoothing MUSIC [6], dugce de xuat nhim nang cao dg chinh xac udce
luong DOA trong trudng hop cac ngudn tin hiéu vo tuyén twong quan. Piém chung cta tat ca cac
phuong phap néu trén la dira vao mé hinh mang ang ten gia dinh tir trudc, vi vy chung rat nhay
cam véi cac sai s6 hé thong cuia mang ang ten.

Cac nghién ctru Ve cac phuong phap ude luong DOA néu trén déu cho thay sai sb woc luong
phu thudc vao cac yeu t6 nhu: khau d6 mang ang ten, s6 lwong phan tir trong méang, khoang cach
gila cac phan tir, s6 lwong mau tin hidu va goc den cta tin hiéu. Tuy nhién, cac nghién ciru chu
yeu gia dinh mang ang ten ciing nhu dudng truyen trong tuyén thu la Iy tuong (chinh xac hoa vi
tri cac phan tur, cac phan tir 14 dang hudng va giong nhau, duong truyén tir cac phén tr dén may
thu giéng nhau), it d& cap su anh hudng cua cac yéu td hay xay ra trong thuc té nhu sai 1éch vi tri
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dit cac phan tir va sai khac duong truyén trong tuyén thu t6i do chinh xac udc luong. C6 mot 5O
nghlen ctru khi xem xét van dé nay da dé xuét thyc hién do dac hiéu chinh nham khic phuc cac
sai 8O uoc luong, tuy nhién viéc do dac hi€u chinh khong giai quyét triét dé vin dé sai pha va
bién d6 (tap hop boi nhidu nguyén nhan khac nhau) [7]. Gan ddy, viéc 4p dung mang no-ron hoc
sau cho bai toan wéc lwong DOA tin hidu v6 tuyén dang nhan duoc sy quan tim rong rai tir CAc
nha khoa hoc [8]. Do khong phu thude nhiéu vao mé hinh mang ang ten dung trudc, co thé cap
nhat trong sb theo dit liéu do thyc té va tu dong diéu chinh sai sb hé théng, mang no-ron hoc sau
htra hen 13 phuong phap ddy tiém ning cho viéc ning cao do chinh xac u6c lugng DOA [9].
Trong bai b&o nay, moé hinh mang no- Ngubdn i

ron tich chap DOA-CNN dugc d& xuat i

dé loai bo sai sd udc lwong DOA cho
mang ang ten ULA do anh huong boi cac
yéu t: sai 1¢ch vi tri dat phan tu, sai 1éch
duong truyén tir cic phan tir dén may
thu. Voi dir liéu thu gia dinh ton tai cac
sai s néu trén, két qua m6 phong cho
thidy, moé hinh mang d& xut cai thién
dang ké d6 chinh xac uéc lugng DOA so
V6i cac phuong phap truyén théng nhu
CBF, Capon, MUSIC, Root-MUSIC va
ESPRIT, dam bao tdc d6 xir Iy nhanh so
v6i cac mo hinh hoc méy khac.

2. MO HINH THU TiN HIEU

Hinh 1. M6 hinh thu tin hiéu mang ang ten ULA.

Pé phan tich, danh ‘gié, so sénh sai s6 wéc lugng DOA, mdt mo hinh thu tin hiéu cia mang
ang ten ULA v&i M phan tr duge xay dung nhu minh hoa trong hinh 1.

Gia thiét c6 P ngudn tin hiéu truyén toi mang ang ten trong mit phiang phuong vi ¢ cac goc
lan luot 13 6y, &, ..., G-. Khi d6, tin hiéu tai ddu ra cia mang ULA la:

x(t) =A(0)-s(t) +n(t), 1)
trong do, s(t) = [$1(t), S2(t), ..., Se(t)]" 1a véc-tor tin higu ctia P ngudn, n(t) = [my(t), na(t), ..., nm(®)]"
la véc-to cua nhiéu tap tuorng g v6i M kénh thu, X(t) = [X1(t), Xa(t), ..., Xm(D)]" 12 véc-to tin hiéu
d4u ra cua mang ULA, A(6) 1a ma tran dinh huéng cia mang, dugc bleu dién nhu sau [2]:

_J.erdlsin 6 _J.27rdlsin¢92 _J.ZzzdlsineP
e A e A s e A
A= : . ST )
_J.Z/zdm,lsina1 - 27dy_415in6, _j27sz,1sin9p
e A e A ...@ A

Néu ton tai cac sai 1éch thiét dat vi tri phan tir ing ten (minh hoa Ad trong hinh 1) va sai s6
dudng truyén (minh hoa Al trong hinh 1) thi s& phat sinh c4c sai pha va bién do trong ma tran
dinh huéng. Chon phan tir 1 14 tham chiéu, sai s6 vi tri dit ciia cac phan tir con lai s& gy ra sai
pha ddi voi ngudn thir p nhu sau:

27Ad,,sin 6,

Ay 4, = 3)

trong d0, Adp, 13 sai s6 vi tri dit cia phan tir ang ten tha m, & 1a goc dén cua ngudn tha p. Tin
hiéu truyén tir cac phan tir dén may thu di qua cic mach duong truyén, mach loc va khuéch dai,
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do d6, s& c6 su léch pha va suy hao bién d6 nhit dinh trude khi duqcvléy mAau chuyén sang dir
liéu s6. Nhitng sai léch vé pha va bién d6 clia kénh thu thir m-1 co thé biéu dién béi Ag, , va
a,, ;- Nhu vay, ma tran dinh hudng A(6) trong phuong trinh (2) co thé duoc viét lai nhu sau:

27 (d;+Ad;)sin g, .27 (dy+Ad, )sin 6, .27 (d; +Ad, )sin 6p
[ R Vel SV S (it i Ve SV S (e R YL BV VPR
ae g ae 4 ae g (@)
A(0,¢) = . . . .
_j(M+A¢M’1) _j(M+A¢M4) '”M*AW*)
ay € ay 48 t a8

. 27rAdsin9+A(p)
trong do, £ =ce A dai dién cho 10i pha va bién d¢ trong ma trédn dinh huéng. Phuong
trinh (1) duoc viét lai nhu sau:

X(t,&) = A8, &) -s(t) +n(t) . 5)

Tai may thu, tin hiéu twong tu nhén dugc tur cac phan tir ang ten s& duoc chuyen sang dang s6
dé xtr 1y. Goi Ts 1a chu ky 1dy mau ctia bo bién d6i ADC, dau ra ciia né dugc biéu dién nhu sau:

X Xl(Ts) X1(2Ts) Xl(NTs)
X(n 8)_ X:2 — XZ(:TS) XZ(:ZTS) XZ(lz\ITs) , (6)

Xn Xu (Ts) Xy (2Ts) Xy (NTs)
o day, N la sb luong mau trong mot ctra s6 tin hiéu. Tin hiéu thu X 1a ma tran s6 c6 kich thuéc
MxN. Ma tran hiép phuong sai R, cta tin hiéu thu dugc tinh theo cong thirc sau [2]:
R, =xx" =Ass"A" +R, =AR. A" + 571 @)
trong do, af, dai dién cho cong suat trung binh ctia nhiéu, | 13 ma trdn don vi, Rs 1 ma tran hiép
phuong sai ctia tin hiéu nguon. Nhu vay, ma tran Ry ¢ kich thudc MxMx2 sg 1a dit liéu dau vao

ctia md hinh DOA-CNN dé xuit va cac thuat toan udc lugng khéc, trong do, 2 thé hién cho viée
bao gom ca phan thyc va phan 4o cua ma tran Ry.

3. MO HINH DOA-CNN

(8xBx2) (BxBX16) (8xBx16) (BxBx16) (BxBx16)(BxBx16) (BxBx16) (8x8x16) (BxBx16)(BxBx16) (BxBx16)(1x1x121) (1x1x121)
) AGRR] 1oL G |- oA G A0 6 |A) A G ] o) i Fo oupi
8x8x16
Bx8x16)
8x8x16
{ cr ] CR( ) (8x8x16)
L= CR [input| Lép dau vao Output Lép dau ra
Ghi cha: (<) Lop nhan L&p chudn hoa
Conv Norm H RelLU Conv ReLU Lép tich chap Lép kich hoat ReLU
(16@3x3) (16@333) ¢ e s
Khédi CNR i CR Lép két néi day da L&p kich hoat Softmax

Hinh 2. So' @ md hinh DOA-CNN dé xuat.

Mo hinh mang no-ron tich chép giai quyét cac van dé dit ra bén trén cua bai toan udc luong
DOA tin hiéu v6 tuyén dugc ching t6i dé xuat va dit tén 12 DOA-CNN. Cau tric tong quat cia
DOA-CNN duoc thé hién nhu trén hinh 2. C6 thé thiy, mé hinh dugc céu thanh tir nhiéu 16p,
nhiéu khéi dé trich xuét dic trung dir liéu. Pau ra mdi 16p (hodc khéi) cé kich thude wxhxc thé
hién kich thudc ma tran tric trung, vi du: 16p dau vao (ma tran hiép phuong sai) c6 kich thuéc
(8x8x2), dau ra cua cic khéi CNR (Convolution-Normalization-ReLU), CR (Convolution-
ReLU) va 16p nhéan c6 kich thudce (8x8x16). Khdi CNR gom ba 16p ndi tiép: tich chap (Conv),
chuan héa (Norm) va kich hoat (ReLU). Khéi CR gdm hai 16p Conv va ReLU. Cac khéi CR két
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hop v6i nhau théng qua 16p nhan nl}ém tang cuong tinh dai dién cac ddc trung dir liéu theo phép
nhan. Pit dau ra khoi CNR thtr nhat 13 z; thi dau vao cia khoéi CNR thir hai sé dugc biéu dién
nhu sau: 2, = Fop{Fer{Fer{Fer {2} ® Fr{z 3} ® Fre {23} ® Fr {2, 1} ® Fer{z,} (8)

trong d6, F..{z,}thé hién phép toan truyén thang ctia khdi CR véi dic trung dau vao 1a z3; ky
hiéu ® thé hién phép nhan timg phan tir ciia hai ma tran.

5[6[1]s[4]5[s8]s 4152 [45|s6 61|62 7446
8/3[4[8(s8]|s5]3]s 61|66 [ 60|80 78] 84]79]68
s5/s5|4]1]6]5]s8]1 57|73 [s1]es|71] 73] 6938
713(5]1]5]3]|1]6 2|11 ]2 50| 62 | 52|49 | 68| 57| 64| 39
6/1]|2|7|4|5]2|6 ® 213 111 /= [55[48 |52|62|59|68|55]|51
al7l1l1]s8l3]7]4 ULz | 5552 [ s6|e6|82]75]68]47
2728|7454 2|72 [ 778486 73|70 44
1sls|7]s5|5]4]4 30|59 [65]64]358] 48] 4329

Hinh 3. Minh hoa phép tich chdp trong lop tich chdp.
Dé thyc hién dugc phép toan nhan trong mo hinh can phai thiét ké cac 16p sao cho hai dau
vao cua 16p nhan c6 cung kich thude. Néu déu vao ciia khdi CNR 1a z, thi dau ra ciia nd c¢6 thé
dugc biéu dién nhu sau: z, = max{0, Norm{Conv{z,}}}, (9)

trong d6, max{0, z} 1a biéu thirc cia ham ReLU trong 16p kich hoat véi z 1a bién dau vao cua
ham. Norm{-} thé hién ham chuan hoéa trong I6p chuan héa, dugc tinh nhu sau [10]:

7 = Norm{z} = 2—#=_ | (10)
o5 =7

& day, uyVva o2 la gia tri trung binh va phuong sai ctia cum dir liéu gdm B dau vao, y 1a mot
hang s rat nhé duogc thém vao nham tranh truong hop xay ra véi phuong sai o= 0. Conv{z,}
thé hién phép tinh tich chdp cta dic trung dau vao z, v6i bd loc kich thude kxk. Trong trudong
hop bai toan dang xem xét: kich thude b loc duge Iya chon bang 3x3, bude trugt 1a (1, 1), voi
ban d6 dic trung c6 kich thudc 1a 8x8, phép tich chap dugc minh hoa nhu trong hinh 3. Cé thé
thdy, phép tich chap 2 chiéu thyc hién phép toan nhan timg phan tir ctia bd loc v6i timg phéan
vung (cung kich thude) ciia ma trén dic trung dau vao, sau do tinh tong gop dé duoc mot gid tri
tuong tng cho mot phan tir clia ma trdn dau ra. Trong truong hop ndy, cac hang va cft ngoai
bién cua ma trén vao dugc thém vai gia tri bang 0 dé ma tran két qua co cung kich thudc voi ma
tran vao. L6p két nbi day du (FC: Fully connected) thyc hién dudi thang ma tran dic trung dau
vao clia nd, sau d6 thuc hién phép toan nhu ddi voi mang no-ron nhan tao tiéu chuin [10]. Trong
nghién curu nay, 16p FC duogc chi dinh véi 121 no-ron tuong tmg véi 121 phan 16p goc DOA tur -
60° dén 60°, budc cach 1°. Lop softmax dugc sir dung dé tinh toan xac suét cho cac phéan 16p.
Softmax 1a mot ham kich hoat dugc str dung chii yéu cho 16p cudi ciing cta bai toan phan loai da
16p. N6 c6 dic tinh bién mot véc-to voi K phan tir ¢6 gia tri thuc thanh mot véc-to gdm K phan
tir ma tong gia tri cac phén tir bang 1. Ham Sofmax duoc biéu dién nhu sau [10]:

softmax(z;) = —
>
i=1
Cubi cing, mé hinh s& quyét dinh goc wéc luong dwa vao xac suit tuong g véi mdi goc.
4. DPANH GIA MO HINH DOA-CNN

11)

4.1. M6 ta dir liéu
Tru6e khi mé hinh DOA-CNN duoc sir dung dé thuc thi qua trinh wéc luong hudng dén, no
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phai dugc huén luyén véi tap dir liéu duoc tao ra véi cac tham $6 gia dinh liét ké trong bang 1.
Cuy thé, mot tap dit litu D ={R|0} duoc tao ra véi dau vao la ma trdn hiép phuong sai R, nhan
dau ra la cac goc 6 tuong Umg. Bang giai phéap lwa chon ngau nhién phan bd déu cac goc trong
gi61 han -60° dén +60°, budc cach 1° va cac mic nhieu véi SNR trong gidi han -20 dB den 10
dB, budce cach 1 dB, 6 thé tao ra téng cong 100000 cap{R|0}, trong do6, 80000 cap (80%) dugc
dung cho huan luyén va 20000 cip (20%) dung dé kiém chung mo hinh.

Bing 1. Tham sé gia dinh tao tdp dit liéu hudn luyén va kiém chirng md hinh DOA-CNN.

Tham s Gia tri Tham s Gia tri
Tan sd trung tim 1090 MHz Mang ang ten ULA
Béng thong 10 MHz Khoang cach cac phan tir d= A2
S6 luong mau 1024 S6 luong phan tir 8
Goc dén U{-60°, 60°, 1°} | Mirc nhiéu U{-20, 10, 1} dB

Chu thich: U{a, b, ¢} thé hién phép toan tao dit liéu ngau nhién phan bd déu trong giéi han [a,
b] v&i budce cach c.
4.2. Huén luyén md hinh DOA-CNN

M6 hinh DOA-CNN d¢é xuat dugc xdy dung, huan luyén va danh gia bang phan mém Matlab.
Céc tham s6 huén luyén dugc thiét lap nhu sau: toc d hoc khot tao la 0,01 va s€ giam 10 lan sau
2 lugt (epoch) huan luyén; s6 lugt hudn luyén 14 10; trinh t6i wvu SGDM véi hé s6 moment = 0,9;
ham mat mat Cross-Entropy dugc st dung. M6 hinh DOA-CNN dugc huan luyén va kiém tra
trén nén tang phan cing GPU cua may Laptop véi cdu hinh CPU Intel Core i5 9300H, RAM
16 GB va GPU GTX 1660ti. Hinh 4 thé hién sy thay d6i gia tri mat mat va do chinh xac phan
loai goc trong qua trinh huén luyén mé hinh DOA-CNN. C6 thé nhan thdy, sau hai luot huin
luyén céc trong s6 ciia md hinh bit ddu 6n dinh. Sau 10 luot huén luyén thi mé hinh cho d6 chinh
xac phan loai goc dat 94,5%.

6 I 100
h _—Training Loss 180 \‘;
4l Training Accuracy <
- | 160 >
S 10 =
-y 40 §
{20
“ K
0 : ‘ : * : ; ‘ : ' ()
1 2 3 4 5 6 7 8 9 10
Epoch

Hinh 4. Su thay doi gid tri n?d’t mat va do chinh xac phan logi goc
trong qud trinh huan luyén mé hinh DOA-CNN.
4.3. Panh gia do chinh xac wéc lwgng géc ciia moé hinh DOA-CNN

M6 hinh DOA-CNN sau huén luyén s& dugc danh gia, so sanh do chinh x4c udc luong goc
v6i cac phuong phap truyén thdng: CBF, Capon, MUSIC, Root-MUSIC, ESPRIT va cac phuong
phap hoc may nhu ciy quyét dinh (DT: Decision Tree) [11], GNB (Gausian Naive Bayes) [12],
KNN (K-Nearest Neighbor) [13], MLP (Multi-Layer Perceptron) [8] va CNN [14] théng qua
viéc cung thuc hién udce lugng goc DOA cua 20000 mau dir liéu véi cac gia tri SNR khac nhau,
thay d6i tir -20 dB dén 10 dB, budc cach 1 dB. Luu ¥, dit liéu ding cho danh gia khong duoc
ding dé huan luyén mo hinh DOA-CNN.

Tham s6 danh gia 1a sai s6 wdc lwong quan phuong, duoc tinh theo cong thire sau:
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1 &5, - 2
RMSE o, :\/@ZZ(HIJ _ei,j) 12)

i-1 j=1

Trong d6, O va € lan luot 1a goc ude lugng va goc dung; P 14 s6 ngudn tin hidu cho mét 1an
wéc luong, v6i P < 4; Q 1 s6 lugng kiém tra.

Trong nghién ctru nay, cdc danh gid sé dugc thuc hién lan luot voi 4 trudng hop khac nhau
clia mang ULA va dudng truyén: a) Thiét ddt chinh xéac vi tri cac phan tir dng ten, khong co sai
léch pha va bién d6 do duong truyén; b) Co sai léch thiét dat vi tri cac phan tir ang ten, khong c6
sai 1éch pha va bién do do duong truyén; ¢) Thiét dat chinh xac vi tri cac phan tir ang ten, co sai
léch pha va bién d do dudng truyén; d) C6 sai 1éch thiét dat vi tri cac phan tir dng ten va sai 1éch
pha va bién d6 do duong truyén. Duéi déy 1a cac két qua nhan duge va binh luan.

a. Thiét ddt chinh xdc vi tri cdc phan tir, khéng c6 sai léch pha va bién dé do dwong truyén

Két qua thé hién trén hinh 5a cho thay, mé hinh DOA-CNN va ba phuong phap CBF, Capon
va MUSIC cho d¢ chinh x&c udc lugng DOA tuwong duong nhau va kém hon hai phuong phap
Root-MUSIC va ESPRIT. Diéu nay la do DOA-CNN va cac phuong phap CBF, Capon va
MUSIC uéc lugng DOA dua trén phd goc voi do phan giai 1a 1°, néu goc den 1a s6 1¢ thap phan
(vi du 10,45°) thi cac phuong phap ndy s& dua ra goc ude lwong 1a mot sé nguyén (vi du 10°).
Pay 1a mot han ché cua cac phuong phip udc lwong dua trén phd goc. Trong khi do,
Root-MUSIC va ESPRIT c6 kha niang cho ra két qua tuong minh thong qua tinh toan tryc tiép
nén co thé dat dugc do phan giai cao hon, do d6, hai phuong phap nay cho do chinh xac wdc
lwong t6t hon néu duoc dam bao ti s6 SNR cao.

b. C6 sai léch thiét dat vi tri cdc phan tir, khéng cé sai léch pha va bién dé do dwong truyén

Sai léch vi tri cac phﬁn thr gay ra sai sb hiéu pha gitra cac tin hi¢u nhan dugc tai cac phﬁn tor
ctia mang. Néu ap dung cac phuong phap udc lugng dua theo cu tric gia dinh ciia mang (khong
c6 sai 1éch vi tri cac phan tir) thi do chinh x4c wdc luong s& giam. Vi md hinh DOA-CNN dé
xuat, do dugc hoc tap tir dit lidu thu boi cac phan tir cia mang dé ude luong DOA nén né cé thé
tu dong hiéu chinh cac sai sd, duy tri d6 chinh xac wéc lugng. Trong md phong nay, vi tri cac
phﬁn tor dugc gia dinh ngﬁu nhién la [0; 1,37; 2,35; 2,83, 4,15; 4,85; 6,23; 6,76] A/2, cac vi tri nay
sai 1éch so vai cac vi tri dang [0; 1; 2; 3; 4; 5; 6; 7] A/2. Két qua so sanh sai sb uée luong DOA
giita cac phwong phap trong truong hop nay dwoc thé hién trén hinh 5b. C6 thé thiy, mé hinh
DOA-CNN mang lai hiéu qua rd rét so véi cac phuong phap khac. Cu thé: DOA-CNN cho do
chinh x4ac v6i sai s6 nho hon 1° khi SNR > 10 dB va tiém c4n 0,3° khi SNR > 0 dB. Trong khi
do, hai phuong phap Root-MUSIC va ESPRIT cho sai s6 udce lugng 16n, ludn 16n hon 1° véi moi
ti s SNR. Diéu nay la do cac phuong phap truyén thong khong thé thay d6i tham sd thuat toan
dé thich (mg v&i vi tri thuc té ciia cac phan tir mang ang ten.

c. Thiét dat chinh xdc vi tri cdc phan tir dng ten, ¢6 sai léch pha va bién d do dwong truyén

Puong truyén tin hiéu tir cac phan tir cia méang dng ten dén du vao cia bd bién déi ADC
cling gay ra nhimg sai léch vé bién d6 va pha, ddc biét khi tin hiéu phai di qua nhiéu mach trung
gian nhu bo loc, khuéch dai, bo tron tan sd,... Mic du c¢6 thé hiéu chinh, bu sai 1éch pha va bién
do thong qua do dac (hi€u chinh tudn ty timg phan tir va dudng truyén), nhung phuong phap nay
tiéu ton thoi gian va kho klem soat. Giai phap sir dung m6 hinh DOA-CNN dé xuét c6 thé tu
dong hi€u chinh nhiing sai s6 vé bién do va pha théng qua viéc hoc tap tir dir liéu thu. Trong mo
phong nay, cac sai léch vé bién d va pha dugc gia dinh ngau nhién trong giéi han 10%. Cu thé,
suy hao bién d6 o= [1; 1,21; 1,09; 1,1; 1,12; 1,22; 1,2; 1,05], sai s6 pha A = [-5°; 16°; 17°; 8°;
4°; 1% 35% 13°]. Két qua so sanh sai sd udc luong gitra cac phuong phap dugc the hién trén
hinh 5c. C6 thé nhan thay, mo hinh DOA-CNN tlep tuc cho d6 chinh xac udc lugng tdt hon cac
phwong phap con lai vi n6 ¢6 kha ning tu dong hiéu chinh céc sai 1éch vé pha ciing nhu bién do
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gdy ra boi dudng truyén. Phuong phap ESPRIT cho d6 chinh xac wéc lugng kém nhat. Capon,
CBF, MUSIC va Root-MUSIC cho d9 chinh x4c t6t hon ESPRIT nhung sai s6 uéc luong ciing
khong nhé hon 0,9°. M6 hinh DOA-CNN cho d9 chinh xac tdt nhét vai sai s ude lugng nho hon
0,9° khi SNR > -10 dB va dat nh6 hon 0,3° @9 khi SNR > 2 dB.
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Hinh 5. So sanh do chinh xdc woc lwong DOA cia mé hinh DOA-CNN véi cdc phuong phdp
Khac trong cdc trirong hop: a) Thiét dat chinh xdc vi tri cdc phan tir, khéng cé sai léch pha va
bién dg dwong truyén; b) Cé sai léch thiét dat vi tri cdc phan tir, khéng cé sai léch pha va bién

dé dwong truyén; c) Thiét dat chinh xac vi tri cdc phan tir, cé sai léch pha va bién dg dwong

truyén; d) C6 sai léch thiét ddt vi tri cdc phan tir va sai léch pha va bién d¢ dwong truyén.
d. C6 sai léch thiét dat vi tri cdc phan tir ang ten va sai léch pha va bién d do dwong truyén

Trong truong hop nay, sai s6 tong hop tir sai léch thiét dat vi tri cac phan tir dng ten va sai
1éch pha va bién do do duong truyén dugc xem xét danh gia. Cac sai léch dugc gia dinh giéng
nhu hai truong hop b, c. Két qua so sanh sai s6 wdc lwong DOA cua cac Jphuong phap thé hién
trén hinh 5d. D& dang nhan ra sai so ctia m6 hinh DOA-CNN thdp hon rit nhiéu sai s6 cia cac
phuong phap con lai. Dleu nay tlep tuc khang dinh hiéu qua cta md hinh DOA-CNN dé xuat
trong viéc khic phuc sai s6 hé thong do 13i thiét dit mang ang ten va dudng truyén gay ra.

Quan sat hau hét cac kich ban mo6 phong, khi SNR < -10 dB cac tin hiu hitu ich qua yéu S0
v6i nhiéu tap; do d6, dudi sy tic dong manh cia nhiéu, tit ca cac phuong phap deu cho sai sb
l6n. Chi khi SNR > -10 dB thi cac phuong phap moi bét dau dat dwoc murc sai sb wéc luong
DOA 6n dinh. Pic biét, trong cac truong hop co sai sb mang ang ten, gidi phap su dung
DOA-CNN cho thay 15 hi€u qua so voi cac phuong phap truyén thong. DOA-CNN c6 thé dat va
duy tri cac mirc sai s6 ude luong nho khi SNR > -10 dB nho kha nang hoc tap tir dir liéu dé tu
dong diéu chinh cac sai s h¢ thong.
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e. So sdnh mé hinh DOA-CNN véi cdc mé hinh hoc mdy, hoc sdu khdc

Bén canh viéc so sanh v&i cac phuong phap truyén thong nhu trén, mé hinh DOA-CNN con
dugc xem xét so sanh voi mot s6 moé hinh hoc may nhu KNN, DT, GNB, MLP va CNN. Phép
so sanh dugc thyc hién trong truong hop sai sé tong hop (c6 sai 1éch vi tri cac phan tir dng ten
va sai léch pha va bién do do dudng truyén), két qua dwoc thé hién trén hinh 6. Co thé thiy,
cac phuwong phap hoc may va hoc sau déu c6 kha nang thich tng tot vdi cac sai s6 hé thong, tir
d6 cho két qua udc luong twong ddi 6n dinh. Cy thé, cdc md hinh DOA-CNN, CNN va KNN
cho kha ning udc luong DOA twong dwong nhau va tét hon déang ké so véi thuat toan DT va
GNB (hinh 6a). Hinh 6b cho thiy, mé hinh DOA-CNN c¢6 toc do xtr Iy xap xi 3 s cho 20000
lan wdc lwong, nhanh hon so v6i CNN (= 4 s) va KNN (= 12 s). Thuat toan GNB va MLP cho
tbc do xir Iy nhanh nhat (= 1,5 s) nhung do chinh xac thap hon DOA-CNN, dic biét 1a GNB
cho sai s6 khoang 1° khi SNR > -10 dB.
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Hinh 6. So sanh sai s6 wéc lwong va thoi gian xir Iy ciia md hinh DOA-CNN
vOi cac mé hinh hoc may, hoc sau khac.

5.KET LUAN

Bai bao da trinh bay két qua nghién ctru, d& xuat mé hinh DOA-CNN ty dong hiéu chinh sai
s6 hé théng, nang cao do chinh xac udc lugng hudng dén cua tin hidu vo tuyén cho mang ing ten
ULA. M6 hinh DOA-CNN dugc thiét ké véi cau triic phép nhan tich lily cua nhidu tang trich
chon nhim tao ra tinh phan biét di liéu trong qua trinh huin luyén va thuc thi. D6 chinh xac wdc
luong ciia md hinh duge danh gia, so sanh voi cac phuong phap truyén thong nhu: CBF, Capon,
MUSIC, Root-MUSIC, ESPRIT; va cac mo6 hinh hoc may hoc sau gém KNN, DT, GNB, CNN
va MLP. Két qua cho thay: trong truong hop 1y tudéng, mang ing ten co vi tri cac phan tir 14
chinh x4c tuyét ddi va khong cé sai léch bién do, pha do duong truyén thi phuong phap Root-
MUSIC va ESPRIT cho dd chinh xac wdc lugng hudng den cao hon mo hinh & xuét va céc
phuong phip CBF, Capon, MUSIC. Tuy nhién, trong thuc té véi cac sai s6 hé thong do sai léch
thiét dat vi tri cac phan tir ciia mang ang ten va sai léch bién do, pha do dwdng truyén luén ton
tai, md hinh DOA-CNN dé xuit dd ching minh kha ning duy tri d6 chinh xac vuot tri so voi
cac phuong phap con lai. Khi so sdnh v6i cac mo hinh hoc may khac, mé hinh DOA-CNN ciing
cho théy lgi thé v& d6 chinh x4c udc lugng DOA va thoi gian xir Iy. Huéng nghién ciru tiép theo:
(1) xem xét bai toan udc luong nhidu ngudn tin hiéu trong quan va khong tuong quan; (2) thuc
nghiém do dac, kiém chimg va dua mé hinh vao tmg dung trong thyc tién.

Loi cdm on: Bai bdao nay dwoc tai tro trong khuon khé dé tai Nghi dinh thu voi Cong hoa Séc ma 56
NDT/CZ/22/12.
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ABSTRACT

DOA-CNN: An automatic system error calibration model for enhancing accuracy
in direction of arrival estimation of radio frequency signals

This paper presents a research proposal on a deep convolutional neural network for
the problem of direction of arrival estimation of radio frequency signals (called DOA-
CNN). The DOA-CNN model is designed with multiplication layers to enhance strong
features of the data through convolutional stacks enabling the DOA classification
accuracy. The evaluation considers several factors affecting the accuracy of DOA
estimation for uniform linear array (ULA), including antenna element position errors, and
amplitude and phase errors caused by transmission path deviations in the receiver. The
analysis and comparison of DOA-CNN with CBF, Capon, MUSIC, Root-MUSIC, and
ESPRIT methods and other machine learning methods show that considering the ideal
configuration of the ULA array and the receiver, the Root-MUSIC and ESPRIT methods
achieve the best accuracy since they can directly compute the DOA, while the other
methods estimate the DOA via angular spectrum, leading to accuracy dependent on the
spectral resolution. However, considering ULA errors and transmission path deviations in
the receiver, the proposed DOA-CNN model outperforms in terms of accuracy compared
to traditional methods and processes faster than some other machine learning models.

Keywords: DOA estimation; Convolutional neural network; Position errors; Amplitude and phase errors.
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