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TOM TAT

DE loai b6 anh hutng ciia cac yéu to nhu: nhiéu, cac khiém khuyét vé cau hinh phan cing do I6i trong qué trinh san xudt va thiét ddt mang ang ten...
[én dd chinh xac dinh hudng nguon tin hiéu, cdc mé hinh ng dung mang no ron hoc séu da dugc nghién cltu, dé xuat. Trong dé md hinh két hgp mang no
ron hinh chit U (UNet) vdi thuat toan rootMUSIC (UNet-rootMUSIC) ¢ nhiéu uu diém ndi bat: UNet déng vai tro nhu bé tu dong diéu chinh sai s6, ma hda va
gidi ma ma trén hiép phuong sai dé dua vé ma tran Iy tuéng (loai bd céc sai s6), trong khi d6 rootMUSIC c6 kha nang tinh toan truc tiép géc DOA véi do phan
gidi siéu cao. Tuy nhién, viéc danh gid kha nang va hiéu qué khi ing dung cdc md hinh hoc sau néi chung, UNet-rootMUSIC néi riéng dang dua trén d liéu
dugc tao ra bdng md phdng, chua cd thuc nghiém kiém ching vdi dif liéu do dac thuc té. Bai bao nay trinh bay két qua nghién cu xay dung mé hinh do dac
tao b dit liéu, thuc nghiém, kiém chiing md hinh UNet-rootMUSIC véi dit liéu do dac thuic té, so sanh véi hai phuang phap ESPRIT va rootMUSIC. Theo d6,
mang anten tuyén tinh 4 phan tk cach déu nhau ntia budc song dugc st dung. Két qua cho thdy mé hinh UNet-rootMUSIC cho d@d chinh xdc uéc lugng DOA
rat t6t véi tap dit liéu do dac. Ngoai ra, tap dif liéu do dac ¢6 thé dugc st dung cho viéc nghién ciiu, phat trién, ki€m chiing cac mé hinh, thudt toan khac
trong dinh huéng ngudn tin hiéu.

Tir khéa: Udc lugng hudng dén, méng dng ten tuyén tinh, tin hiéu vé tuyén, do dac thuc nghiém, UNet-rootMUSIC.
ABSTRACT

To eliminate the influence of factors such as noise and hardware imperfections stemming from errors in the manufacturing and setup of the antenna
array on the accuracy of signal source localization, deep neural network models have been studied and proposed. Among them, the model combining a
U-shaped neural network (UNet) with the rootMUSIC algorithm, named UNet-rootMUSIC, exhibits several outstanding advantages: UNet functions as an
auto-encoder that denoises and corrects the covariance matrix by encoding and decoding it into its ideal form, while rootMUSIC directly computes the
Direction of Arrival (DOA) angles with very high resolution. However, the evaluation of the performance and effectiveness of deep learning models in
general, and UNet-rootMUSIC in particular, has relied on simulation-generated data, lacking experimental verification with real-world measurement
data. This paper presents the results of building a measurement setup to create a dataset, experimentally validating the UNet-rootMUSIC model with
real-world measurement data, and comparing it with the ESPRIT and rootMUSIC methods. Accordingly, a 4-element uniform linear array with half-
wavelength inter-element spacing was used. The results demonstrate that the UNet-rootMUSIC model achieves excellent DOA estimation accuracy with
the measured dataset. Furthermore, this dataset can be utilized for the research, development, and validation of other models and algorithms for signal
source localization.

Keywords: Direction of Arrival (DOA) Estimation, Uniform Linear Array (ULA), radio signal, experimental measurement, UNet-rootMUSIC.
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KY HIEU
Ky hieu  DPonvi Y nghia
6 do Hudng (gbc) dén trong mat
phdng phuong vi
H Phép chuyén vi lién hiép
phuic Hamilton
A Ma tran dinh huéng
I Ma tran don vi
R Ma tran hiép phuong sai
CHU VIET TAT
DOA Huéng dén
ULA Mang dng ten tuyén tinh dong déu
ADC B6 bién déi tuong tu - s6
RMSE Sai s6 quan phuong
1. GIGI THIEU

Trong linh vuc giam sat vo tuyén, trinh sat - tac chién
dién tl, hudng dén (DOA: Direction of Arrival) cila nguén
tin hiéu la moét trong nhimng tham sé dac biét quan trong,
n6 cho phép xac dinh hudng, vi tri ciia nguén phat trong
pham vi quan sat [1]. Cé rat nhiéu phuong phap, thuat
toan, mé hinh dugc xay dung, ap dung cho bai toan dinh
hudng ngudn tin hiéu vé tuyén, trong d6 phuong phap
Ung dung mang na ron hoc sau dang nhan dugc su quan
tam réng rai cta cong dong nghién ctu [2, 3]. Vai tinh
chét va uu thé tir viéc hoc tap, phan tich, trich chon cac
ddc trung clia di liéu, cdc mo6 hinh mang no ron cé kha
nang thich tng rat t6t vai dit liéu ma khong can théng tin
tién nghiém vé mang dng ten hay dudng truyén. Do d6,
no6 co thé tu déng hiéu chinh cac sai s6 dé cho két qua
dinh hudng chinh xac hon. Diéu nay rat c6 y nghia vi
trong thuc té, cac yéu t6é nhu: nhiéu, cac khiém khuyét vé
cdu hinh phan ciing do 16i trong qua trinh san xuat, thiét
dat mang ang ten [4]... luon tén tai, dan dén cac sai léch
vé pha va bién do6 tin hiéu thu nhan, tir d6 gay ra sai s6 vé
d6 chinh xac uéc lugng DOA.

Hién nay, viéc danh gia kha nang va hiéu qua khi tng
dung cac mé hinh mang no ron cho bai toan dinh hudng
nguon tin hiéu vé tuyén chd yéu dua trén di liéu dugc
tao ra bang mé phéng, véi dau vao dugc mé hinh héa
bang ly thuyét thu tin hiéu mang. C6 rat it mé hinh dugc
thuc nghiém kiém chiing véi dit liéu do dac thuc té. Trong
khi @6, d€ dua cac mo hinh vao ap dung trong thuc tién
thi mét van dé quan trong khong thé bé qua do la thuc
nghiém, kiém chiing véi dir liéu thuc té. Diéu nay dé hiéu
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bdi vi cac yéu td tac dong tirbén ngoai khi trién khai trong
thuc té 1a khé kiém soat va chua dugc danh gia trong mo
phéng.

UNet-rootMUSIC [5] la mé hinh ¢6 nhiéu uu diém khi
két hgp duoc thé manh ctiia mang na ron Unet va thuat
toan rootMUSIC cho bai toan dinh huéng nguén tin hiéu
vO tuyén. Bai bao trinh bay két qua nghién ctu xay dung
md hinh thuc nghiém, do dac tao bo dit liéu, kiém chiing
mo hinh UNet-rootMUSIC. Mang anten tuyén tinh 4 phan
tr dugc sir dung, khodng cach 2 phan ti ang ten lién ké
la M2 = 13,7cm. Mét nguén phat tin hiéu dugc do dac tu
gdbc -60° dén 60° vGi budc cach 1°. Dt liéu do dugc xt ly
bs&i mo6 hinh UNet-rootMUSIC, trong dé: UNet ¢6 vai tro
bién d6i ma tran hiép phuong sai tin hiéu thu dugc thanh
ma tran hiép phuong sai tiém can ly tuéng, trudc khi ap
dung thuat toan rootMUSIC dé udc lugng hudng (goc)
dén. Goc udc lugng sé dugc doi sanh, ki€ém tra sai s6 so
vGi goéc dung (goc thuc té dugce xac dinh bang thudc do
goc) dé danh gia kha nang va hiéu qua ctia mé hinh.

2. MO HINH UNET-ROOTMUSIC DINH HUGNG NGUON
TiN HIEU VO TUYEN
2.1. M6 hinh thu tin hiéu mang ang ten

Xem xét mang ang ten tuyén tinh déng déu (ULA:

Uniform Linear Array) bao gbm M phan ti dugc sap xép

déu nhau trén mot dudng thang nhu minh hoa trong
hinh 1.

Nguén i

o L

Phin tr M

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

Gia thiét c6 P nguon tin hiéu truyén téi mang ang ten
ULA trong mat phang phuang vi & cac goc lan luat la &,
By vy Bp.

2.1.1. Trudng hop ly tudng

Tin hiéu thu dugc tai dau ra ctia mang la [6]:

x(t) = A(6).s(t) + n(1) (M

trong do, s(t) = [s1(t), s2(t),..., se(t)]" la véc-to tin hiéu cla
Pnguén, n(t) = [m(t), na(t), ... nu(t)]" 1a véc-tc ctia nhiéu tap

Phan tr 1

Phan tr m

HaUl Journal of Science and Technology | 93



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

tuong Ung véi M kénh thu, x(t) = [xi(t), x2(t), ... xu(®)]" la
véc-to tin hiéu dau ra, A(6) la ma tran dinh huéng cla
mang, dugc biéu dién nhu sau [6]:

1 1 1
.27zd, sin6, . 27zd, sin6, 27d,sing,
-J = —
A A A
e e . €
A(0)= : . . : )

27dysiné, 27mdy siné, 27dy,sin6p

T3 ) - P
e . e . €

Tai may thu, tin hiéu ti cac phan ti dng ten sé dugc
chuyén tir tuong tu sang s6 dé xu ly. Goi T; la chu ky 1y
mau cla bd bién déi tuang tu sang s6 (ADC: Analog to
Digital Converter), dau ra clia mang ang ten c6 thé biéu
dién nhu sau:

X || %) x(2T) x,(NT))
T, 2T, NT,

X = X'1 — XZ(: s) X2(: s) X2(: 5) (3)
x| (%) x,QT) .. x,INT)

& day, N la s6 lugng mau tin hiéu trong mot ctia s6 tin
hiéu. Tin hiéu thu x |a ma tran sé c6 kich thuéc MxN. Ma
tran hiép phuong sai clia cac tin hiéu dau ra thu béi mang
ang ten dugc xac dinh nhu sau:

R, =xx"=Ass, A" +R =ARA" + ol 4)

Trong d6: x" la ma tran chuyén vi lién hiép phuc
Hamilton cGia ma tran x. Rs va R, 1an lugt |a ma tran hiép
phuong sai cua tin hiéu va nhiéu, o} dai dién cho cong
suat trung binh cta nhiéu, I la ma tran don vi. Ma tran Ry
trong trudng hgp mang ly tudng nay la dit liéu dau ra
huan luyén mé hinh UNet-rootMUSIC dinh huéng nguén
tin hiéu vo tuyén.

2.1.2. Truéng hop trong thuc té

Trong thuc té€, hé thong thu nhan tin hiéu noi chung,
mang ang ten néi riéng khong tranh khai cac sai léch nady
sinh trong qua trinh san xuat, thiét dat, su khong déng
nhat gita cac phan tir ang ten, tuyén thu va cac tac déng
bat dinh khéac tir méi truong bén ngoai. Cac yéu t6 nay
gay ra cac sai s6 khéng ludng trudc trong qua trinh udc
lugng DOA. Cu thé |a lam sai léch dap (ing mang, dan dén
ma tran dinh huéng bi thay déi. Khi d6, tin hiéu thu dugc
b&i mang ang ten trong thuc té:

%(t) = A(6,£)s(t) +n(t) (5)

Trong d6, A(6, €) la ma tran dinh huéng cdla mang c6
sai s6, ¢ la hé s6 dai dién cho cac sai s6. Ma tran hiép
phuong sai cla tin hiéu thu dugc:
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R, =E{X(DX(t)"} = A@,eR,A0,)" + 07, (6)

So sanh phuong trinh (6) vai phuong trinh (4) ¢ thé
thdy, ma tran FAtX 6 sai khac so véi ma tran R, la do sai s6
hé théng & Néu st dung tryc tiép R, lam déu vao céc
thuat toan udc lugng thi goc udc lugng dugc sé co sai so.
2.2. M6 hinh UNET-ROOTMUSIC

UNet-rootMUSIC lIa mé hinh két hgp mang no ron hoc
sau kién trac hinh chit U (xay dung ti cac I6p tich chap)
véi thuat todn rootMUSIC, dugc tac gid va cong su nghién
cltu, dé xuat trong [5] nham nang cao hiéu nang dinh
hudng nguén tin hiéu vé tuyén. Trong su két hgp nay, mo
hinh UNet c6 nhiém vu loai bo cac sai s6 ton tai trong thuc
té co trong tin hiéu thu nhan dugc théng qua viéc hoc tap
tu dit liéu. Trong khi do, thuat toan rootMUSIC c6 lgi thé

e .

tinh toan truc ti€p gia tri goc udc lugng [7]. Cu thé, Unet
dugc dé xuat véi muc dich chuyén déi ma tran ﬁx thanh
ma tran gan ding véi ma tran ly tuéng Ry:

~R, (7)

R zUnet{ﬁX} sao cho R

predicted predicted

Sau d6 thuat toan rootMUSIC dugc st dung dé udc
lugng DOA vGi dau vao la ma tran R Vi

R
dang véi gia tri DOA thuc té.

predicted *

predicied = R, - N€nN gia tri DOA udc lugng dugc sé tiém can

Cau truc, tham s cac I6p cia mo hinh UNet-
rootMUSIC dugc trinh bay trén hinh 2.

C6 thé thdy UNet dugc chia thanh hai phan: phan ma
héa va phan gidi ma. Trong phan ma héa, ma tran hiép
phuaong sai ﬁx véi kich thudc M x M di qua ba giai doan
cla qua trinh ma héa, mbi giai doan chua hai 16p tich
chap theo sau béi I6p kich hoat LeakyReLU. Sau mdi
doan, kich thuéc ctia ma tran ddc trung giam di mot niia
nhung tang hai lan vé sé lugng kénh. Do d4, tat ca cac
phan t& cia ma tran hiép phuong sai sé dugc ma héa
thanh mot véc-to c6 sé phan ti (sé lugng dac trung)
ding bang s6 phan ti ctia ma tran hiép phuong sai. Sau
dé s6 dac trung nay dugc giai ma dé phuc héi lai thanh
ma tran hiép phuaong sai ly tudng R, véi kich thugc M x
M. Trong qua trinh d6, cac sai s6 sé dugc loai bd. Mé hinh
UNet c6 cac két néi bo qua gilp truyén cac ma tran dac
trung tu cac giai doan ma hoa sang cac giai doan gidi ma
dé ghép véi cac ma tran dac trung phuc héi. K&t néi bo
qua ciing gitp sap xép lai vi tri ma tran dac trung trong
qua trinh giadi ma.
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Hinh 2. Cau triic md hinh UNet-rootMUSIC

Dé& huan luyén va kiém tra mé hinh Unet, mét tap di
liéu dugc tao ra thdong qua moé phédng, véi ﬁx la dir liéu
vao va R¢la nhan dap tng dé diéu chinh céc trong s6 clia
mé hinh. Sau huan luyén, mé hinh UNet dugc sir dung dé
chuyén ddi ma tran R, thanh ma tran R , VGi ky

predicte
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vong R ~R, . Sau d6 thudt todn rootMUSIC sé si

predicted

dung matran R ..., dé udc lugng DOA. D6 chinh xac
udc lugng DOA dugc xac dinh bang sai s6 quan phuong
(RMSE: Root Mean Square Error) tinh theo cong thuc

(tdng quét) sau:

1 Q P 5
RMSE,,, = \/EZZ(G,J,—@,J) ®)

i=1 j=1

Trong d6, 6 va 0 1an luat 1a géc udc luong dugc va goc
dung; P la s6 ngudn tin hiéu dén; Q 1a s6 lugng mau kiém
tra.
3.XAY DUNG MO HINH PO PAC, TAO LAP BO DU LIEU
THUC NGHIEM, KIEM CHUNG MO HINH UNET-
ROOTMUSIC

3.1. Xay dung mo hinh do dac, tao lap bo dirliéu

M6 hinh do dac dir liéu thuc nghiém dugc xay dung
nhu so d6 trén hinh 3. Theo d6, mé hinh gém phan phat,
phan thu va xt ly tin hiéu.

k \_ SMA
3)/2 \—»Rx_«
i =4128cm
30m ‘ Rx_2 FMCOMMSS|
* Lo AD9361_1| FuC)| ZC706Board

FPGA

s AD361_2
\ / Rx_4
yal s \\
=13,76fcm ( |
\ R / /
Y LAN
Cép dong truc
MATLAB ,’

Ghi chu: Sai s6 do khodng cach
ang ten co the xdy ra 0,2 cm pr—

Hinh 3. M6 hinh do dac dif liéu thuc nghiém

Phan phat (nguon tin hiéu dén) la mot nguén, phat tin
hiéu &tan s6 1090 MHz théng qua 01 dng ten buic xa dang
hudng. Tin hiéu cap cho dng ten phat dugc tao bsi mach
thu phat FMCOMMS5 [8]. D€ tao tin hiéu phat, mot
chuong trinh Matlab dugc thuc hién trén may tinh dé
diéu khién mach FMCOMMSS5 théng qua bo mach FPGA
ZC706 [9]. Qua trinh diéu khién truyén qua giao ti€p
Ethernet bang day LAN. Cu thé, tin hiéu dugc tao ra trong
chuong trinh Matlab & bang tan co s& la 100kHz, tan so6
song mang thiét lap 1a 1090MHz. Qua trinh nang tan sé tu
100kHz 1én 1090MHz dugc thuc hién bén trong chip
AD9361. Viéc phat tin hiéu tan s6 1090MHz bdng ang ten
phat dugc thuc hién lién tuc.

Phan thu la mang gobm bén ang ten GRPS GSM, dugc
két nGi véi bon kénh thu ctia mach FMCOMMS5 bang bén
day cap déng truc cao tan cé do dai vat ly bang nhau véi
c6ng két n6i SMA. Cac ang ten thu dugc thiét dat thang
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hang, cach nhau mét khodng /2, tic bang 13,76cm vai
sai s6 khoang 0,2cm, thanh dang mang ULA c6 truc doi
xung la dudng thang di qua diém gilia va vudng goc véi
mang. Ban dau, ang ten phat dugc thiét dat nam trén truc
doi xliing clla mang ang ten thu va cach mang mét
khoang 3,0 m. Khoang cach nay dam bao diéu kién nguén
phat (nguon tin hiéu dén) nam & trudng xa déi véi mang
ang ten thu bén phan ti va séng téi la song phang. Kénh
thu Rx_1, Rx_2 dugc két ndi vai AD9361_1, kénh thu Rx_3,
Rx_4 dugc n6i vGi AD9361_2. Bon kénh thu nay c6 kha
nang dong bd pha vsi nhau. Mach FMCOMMS5 két noi
véi mach diéu khiéu FPGA ZC706 théng qua giao tiép
FMC. Hinh anh thuc nghiém do dac dirliéu nhu trén hinh
4. Goc dén cua tin hiéu dugc xac dinh la 0° khi nguén phat
nam trén truc déi xiing clia mang ang ten thu, duong khi
nguon phat & bén phai, am khi nguén phat & bén trai truc
déi xting nhin tir diém gilra mang.

04 dng ten thu
‘| i

" Al tefphates

Hinh 4. Thyc nghiém do dac di liéu

Viéc thu tin hiéu cing dugc diéu khién bdi mot
chuong trinh Matlab trén may tinh. Cac tham sé cla viéc
thu tin hiéu dugc thiét 1ap nhu mé ta trong bang 1. Theo
d0, chuong trinh Matlab sé thiét 1ap cac tham sé vai toc
d6 1dy mau 20MHz, tin hiéu thu vé sé c6 bang co sa la 100
kHz va s6 lugng mau trong mét lan thu la 2000. Do ¢6 1/Q
nén tin hiéu thu dugc tir bén kénh sé c6 kich thudc
4x2000 & dang s6 phuc.

Bang 1. Tham s thu tin hiéu

Tham sé Gia tri Tham sé Gia tri
FMCOMMSS, C L es L )
Mach thu 23AD9361 Tinh dong bo pha (6
Mach diéu khién 2(706 FPGA  |Tdc d6 lay mau 20MHz
Thiét bi xi Iy Laptop, Matlab | Tan s6 trung tim 1090MHz
Ang ten GRPSGSM | Tén sb ca s6 100kHz
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Mang ang ten ULA 2000 mau
S6 kénh 4 1/Q (s6 phtic)

Qua trinh thuc nghiém dugc tién hanh trong phong
cam, c6 trang bi cac vach x8p hap thu séng dién tu dé
gidm thiéu t6i da anh hudng cua tin hiéu da dudng va
nhiéu tir méi trudng xung quanh.

3.2. Tap ditliéu do dac

Qué trinh do dac dé tao tap di liéu dugc thuc hién lap
di 1ap lai. Cu thé, thay vi phai di chuyén dng ten phat dén
cac vi tri goc khac nhau thi viéc thay déi nay sé dugc thuc
hién bdng cach xoay mang ang ten thu bon phan t
quanh mot truc ¢ dinh (truc d6i xing ban dau di qua
nguon phat), cé thudc do goc dé xac dinh goc quay. Gia
tri thé hién trén thudc do géc dugc xac dinh la gia tri goc
didng ctia ang ten phat. Luu y rang, gia tri doc dugc tu
thudc do goc cling c6 thé chira sai s, nhung rat nhé. Hinh
5 thé& hién dang séng tin hiéu thu dugc tir 4 phan ti ang
ten ¢ bang tan ca s& 100kHz khi do tin hiéu tir nguén phat
dat 3 géc 10°.

0.4 I
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oA AN AR AR RN NS
I A \\ it L ) SR 1S M- - —Kénh 2

\ nu iy i H "- W Ty 0 ey X K
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Hinh 5. Dang tin hiéu thu dugc tir 4 phan tit dng ten & bang tan ¢ s6

Qua trinh do thuc hién lan lugt cho cac goc tir-60° dén
60° vGi budc cach la 1°. Tai mébi goc do, thuc hién 1000 lan
thu tin hiéu, s6 lugng mau nay la da Ién dé dam béao dé
tin cay, tinh 6n dinh khi tinh toan ma tran hiép phuong
sai va danh gia sai s6 quan phuong (RMSE). T6ng sé tin
hiéu thu dugc cho tat ca cac goc la 121000 tin hiéu, kich
thudc 4x2000 & dang s6 phuc. Méi tin hiéu thu dugc luu
vao tép vdi dinh dang *.mat dé phuc vu cho qua trinh x
ly ti€p theo cling nhu kiém chiing cac mé hinh, thuat
toan. Hinh 6 biéu thi cau trdc dir liéu do dac luu trén may
tinh. Dung lugng dit liéu khoang 3,69GB.
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3.3. Kiém chitng mé hinh UNet-rootMUSIC véi bé dit
liéu do dac
Dé kiém chiing mé hinh UNet-rootMUSIC véi A liéu
thuc t& do dudc, can bién di di liéu tin hiéu thu dugc
thanh ma tran hiép phuong sai tuong Ung. Sau dé, moé
hinh UNet-rootMUSIC da dugc huan luyén véi dit liéu moé
phdng sé thuc hién hoc chuyén tiép véi dir liéu thuc té.
Tap dirliéu sé dugc chia ngau nhién vdi ti 1é 50% cho huén
luyén va 50% con lai dé kiém ching. Sau khi huan luyén
chuyén ti€p, mé hinh UNet-rootMUSIC dugc ap dung dé
udc lugng DOA cho 50% dir liéu con lai. Két qua kiém
ching thé hién trén hinh 7, trong d6 hinh 7a thé hién méi
tuong quan gilta géc dén thuc té (géc dung) va goéc udc
lugng dugc bdi mé hinh UNet-rootMUSIC, hinh 7b biéu
thi sai s6 quan phuong RMSE theo géc uéc lugng.
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Hinh 7. K€t qua kiém ching mé hinh UNet-rootMUSIC vdi dit liéu do dac
thuc té

Cé6 thé quan sat thay, vai di liéu do dac thuc t& mo
hinh UNet-rootMUSIC cho d6 chinh xac udc lugng DOA
rat tot cho phan I6n cac goc, vai sai s6 quan phuong nho
nhat tai géc -10° la 0,06° va sai s6 16n nhat tai goc 2° la
2,46°. Sai s6 cuc dai xuat hién tai goc 2° dugc nhan dinh la
di liéu ngoai lai (outlier), ngau nhién trong qua trinh thuc
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nghiém. Nguyén nhan c6 thé do su céng hudng nhiéu
hodc sai léch pha cuc bd clia kénh thu tai thai diém do
gdc nay, dan dén ma tran hiép phuong sai thu dugc bi
bién dang manh so véi tai cac goc khac.

Clng trén tap di liéu do dac thuc té nay, tac gia da
thuc hién kiém ching uéc lugng hudng dén véi cac
phuong phap truyén théng la ESPRIT [7] va rootMUSIC
dé so sanh. Can chu y rang, trudc khi ap dung céc
phuong phap nay, tin hiéu da dugc chuan héa va hiéu
chinh pha. Viéc hiéu chinh nay gilp céi thién dang ké
tinh 6n dinh khi udc lugng huéng dén. Két qua ddi sanh
gitta géc dung va géc udc lugng clia hai phuong phap
thé hién trén hinh 8.

Phwong phap ESPRIT
y
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Hinh 8. K&t qua kiém chiing phuong phap ESPRIT va rootMUSIC v6i dit liéu
do dac thuc té

Cé thé thdy rang, vai dtliéu do thuc té, ca hai phuang
phap ESPRIT va rootMUSIC cho sai s6 va sy nham lan géc
ratI6n & hau hét cac géc, dac biét la phuong phap ESPRIT.
Diéu nay mét lan nia khang dinh, khi dp dung mé hinh
Unet-rootMUSIC, cac sai s6 hé théng da dugc hiéu chinh
théng qua qua trinh huan luyén chuyén ti€p bdi mé hinh
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UNet, do d6 Unet-rootMUSIC da cho két qua udc lugng
DOA rat t6t, nhu thé hién trén hinh 7a.
4. KET LUAN

Trong nghién ctu nay, tac gia da trinh bay két qua
nghién ctu xay dung moé hinh do dac, tao lap b6 dit liéu,
thuc nghiém kiém chiing mé hinh UNet-rootMUSIC dinh
hudng ngudn tin hiéu vé tuyén. Két qua thuc nghiém,
kiém ching, két hgp so sanh véi ca hai phuong phap
ESPRIT, rootMUSIC cho thdy m6 hinh UNet-rootMUSIC
cho d6 chinh xac udc lugng DOA rat tot & phan 16n cac
g6c dugc do dac. Biéu nay moét 1an nira khdng dinh cac sai
s6 do méi trudng do khong ly tudng, cac phan tir ang ten
khong dong nhat, c6 sai léch vi tri, sy khéng déng nhat vé
pha va bién dé clia cap dong truc va cac yéu té bat dinh
khac da dugc loai bo trong qua trinh hoc tap, huan luyén
tUr di liéu tin hiéu thu dugc bsi mo hinh mang no ron
UNet. Tap dir liéu do dac c6 thé dugc st dung cho viéc
nghién ctu, phat trién, kiém ching cac mé hinh, thuat
toan khac trong dinh hudng nguén tin hiéu. Hudng
nghién clu tiép theo, tac gia sé md rong pham vi thuc
nghiém vai géc téi cda tin hiéu > |60°|, thuc hién thu thap,
xay dung b di liéu thuc té tir cac thiét bi dinh hudng
hién c6 trong bién ché, t6i uu héa thuat toan, tién hanh
thuc nghiém kiém ching mé hinh UNet-rootMUSIC vGi
b6 dit liéu nay. Véi lgi thé kich thudc dau vao nho (ma tran
hiép phuong sai kich thudc 8x8), cau tric mang néng va
nhe (mé hinh dugc thiét ké vai 3 pha ma héa, 3 pha giai
ma, st dung cac I8p tich chap véi kich thudc kernel 3x3
va s0 lugng filter khéng qua 16n, tir 16 dén 128 filter), muc
tiéu cai dat, trién khai UNet-rootMUSIC lén céac hé théng
nhdng (FPGA, DSP...) x( ly thdi gian thuc dé€ st dung
trong thuc tién la kha thi va rat tiém nang.
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