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Tom tat—Cac thiét bi SDR (vo tuyen dinh nghia bang
phan mem) dugc st dung nhiéu trong cac llnh vue nhu
Vo tuyen dién nghiép du, thir nghiém cic hé thong truyen
thong hay gido duc. Bai bao trinh bay giai phap dong bo
cac thiét bi SDR rleng 1é co thé sir dung cho cac hé thong
xtt ly tin hiéu mang. Hé thong dugc thu nghlem dua trén
viéc thue thi thoi gian thuc thuat toan wdc lu'dng hudng
song dén MUSIC véi ch véi tin hiéu bang hep va tin hiéu
bang rong Dong gop cua bai bao bao gom phuong phap
va cac kh01 dugc 1ap trinh trén phan mem GNU Radio
nham dong bd héa mang thu va wéc luong hu'dng song
dén. Cac két qua trong bal bao cho thay, v1ec dong bo va
udc lugng hudng song dén trén hé nhiéu thiét bi SDR I
hoan toan kha thi.

Tir khoa—MUSIC, DoA, SDR, GNU Radio.

I. GIOI THIEU

Thuit toan udc luong hudng séng dén thuong dudc
dung trong c4c hé thong truyén thong dung ludng cao st
dung anten thong minh, céi thién d6 chinh xac trong udc
lugng kénh truyén, xic dinh huéng va vi tri ctia cic d6i
tugng trong quan sy, trong tim kiém ctiu nan ciing nhu
quan ly cic ngudn phat khong phép,... Cac thuit toin
uéc luong hudng séng dén DoA (Direction of Arrival)
phS bién gdm: phuong phdp tao bip séng (CBF [I],
Capon [2]); st dung khoéng gian con (MUSIC [3]],
ESPRIT [4]); Maximum Likelihood [3]], ...Trong do,
thuat toan MUSIC [3] ¢ dd phan giai, chinh xac cao,
d6 phic tap vita phai va c6 kha ning dp dung d6i véi
mdi cAu hinh anten [6].

C6 nhiéu nghién ciiu da thuc thi thuat toan MUSIC
trén cdc phan cling chuyén biét [7] hay FPGA [8]. Tuy
nhién, trong nhiing nim gan day, céc thiét bi SDR dugc
st dung nhiéu hon cho muc dich kiém nghiém cic
thudt toan trong vién thong [9], do tinh linh hoat, va
da dang trong cdc thu vién xd 1y tin hidu c6 sin trén
phan mém GNU Radio [10]. Trong nghién ctiu nay,
thuat toan MUSIC (MUIltiple Slgnal Classification) sé
dugc trién khai trén hé gdm ba thiét bi SDR (BladeRF
x115 [11]) trong d6 hai thiét bi dung cho bén thu

(mang xd ly gdm hai phan ti) va mot thiét bi ding
cho bén phat. Do mang thu gdm hai phan ti riéng
biét nén can phai dong bo tin hiéu thu dugc tir hai
phan ti nay trudc khi dua vao uée lugng DoA. Theo
khao sat cda ching t6i, da c6 cac nghién cdu trudc day
nhiam ddng bo hé thiét bi SDR nhu RTL-SDR [12],
USRP [13] bing cd phin mém va phan cing. Trong
nghién cdu nay, ching t6i da thuc hién phuong phap
ddng bo hé BladeRF x115 bang phan mém dua trén viéc
xdy dung cdc khbi méi trén nén GNU Radio. Ngoai ra,
tin hiéu thu phét trong hé théng dudc thii nghiém dudi
dang diéu ché tan sé bing hep NBFM (Narrow Band
Frequency Modulation) [3]] va tin hiéu bang rong DVB-
T (D1g1tal Video Broadcasting — Terrestnal) Hiéu nang
ctia hé thdng dudc dinh gia thong qua sai sd u6c lugng
can trung binh binh phudng RMSE (Root Mean Square
Error).

Cic déng gop chinh clia bai bdo gom: phuong phip
dong bd hé thu BladeRF x115 bing mdt tin hidu vo
tuyén tham chiéu dua trén phan mém; xay dung cic
khéi trén GNU Radio dung dé dong bd mang thu va
uéc luong DoA; thuc thi uéc lugng DoA trén phan mém
GNU Radio cho tin hiéu bang hep NBFM, va tin hiéu
bang rong DVB-T.

Céc ndi dung cta bai bdo dudc t8 chiic nhu sau. Trong
phan [T} va phan lan lugt trinh by vé mo hinh hé
thng, ly thuyét vé thuat toan MUSIC va phuong phép
ddng bo hé thu BladeRF x115 bang phin mém. Két qua
mo phong va thuc nghiém dudc biéu dién trong phan
Két luan ctia bai bdo dugc thé hién trong phan

II. THUAT TOAN MUSIC

Xét mo hinh hé thdng xdc dinh huéng séng dén dua
trén thuat toan MUSIC trong khong gian 2D nhu trén
hinh [1} V6i D ngudn tin hiéu dén véi cic huéng khong
biét trudc @1, ..., ¢p dén mang anten thu gém M phﬁn
t vo huéng (M > D) dugc dit tuy y trong mit phang
& cac toa do (X1, y1), --., Rary T)-
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Hinh 1. M6 hinh hé théng cho thuét todan MUSIC

Vector tin hiéu bén thu nhan dugc x(t) € CM tai
thdi diém ¢ dugc biéu dién bdi cong thic (1)), véi & =
[#1, ..., ¢p]T tuong dng v6i huéng cla cdc ngudn tin
hiéu dén mang anten thu, A(®) = [a(¢1),...,a(¢p)] €
CM>D 1a ma tran chda cic vector ddp dng mang a(¢) €
CM; s(t) € CP 1a vector nguodn tin hiéu va n(t) € CM
tuong Ung la vector tap am:

X1 (t) S1 (t) n; (t)
e | = [a(é1) a(op) T e
X (1) sp(t) nyy(t)
hay dugc viét dusi dang ma tran
() = A(®)s(t) + n(t)

(1)

véi vector dap ting mang dudc biéu dién chi tiét nhu
véi A la bude séng cua tin hiéu:
e~ J 2™ (%4 cos ¢ + ¥1 sin ¢)

a(¢) = 2

e~ 3 5 (Xar cos ¢ + 7 sin @)

Cic vector dap ¢ng mang nay 1a cic gid tri can dugc
gia thiét 1a biét trudc tlly theo cAu hinh anten, dudc luu
trit 1am céc gia tri chuin héa can thiét cho moi budc tinh

toan; vector tin hiéu va tap am (nhiéu tring) c6 trung
binh bing 0; vector tap am trang héa khong gian (tap
am dén mdi phan tif anten déu c6 phuong sai gidng nhau
1a 0,2 khong tuong quan véi nhau) va doc 1ap thong ké
v6i céc tin hiéu ngudn.

Ma tran hiép phuong sai trong khdng gian dugc biéu
dién bdi cong thiic , v6i € la ky hiéu cua ky vong
thong k&, E{s(t)s” (1)} = Ry, E{n(t)nfl (t)} = 0,21,
lan lugt 12 ma trin tuong quan cta tin hiéu ngudn va
ctia tap am, I, € CM>*M 13 ma tran don vi.

C, = Ry = E{x(t)x" (1)}
— A&{s(t)s" ()}A" + Efn(t)n” (1))
= ARA" +05,%1,
3)
Tiép tuc khai trién ma trin R, thanh cdc gia tri

riéng va cdc vector riéng tuong tUng 1a A, va e,,(m =
1,..., M).

M
Ry = Z Amemem 't = EAEH
m=1

= EAES + E ALELY
= ESASESH + U'nQEnEnH = ESASESH + O'nZIn

4
v6i E = J[e,...,ey|, Es = |[er,...,ep],
E, = [ept1,.--,em)s A = diag{)\,..., A},
As = diag{A1,...,Ap}, An = diag{Ap, ..., Arr}, va
Ay = Ag — 0,21,

Vector riéng E = [Eg, E,] ¢6 thé gia st d€ tao thanh
mot co s¢ truc giao (EEY = EFE = I). Td E ¢6
thé tach dugc ra hai ma trin: ma trin chda D vector
riéng tuong ting vdi khong gian con tin hiéu 1a Eg £
[e1,...,ep]; ma trdn chia M - D vector riéng tuong ung
véi khong gian con cla tap am 12 E,, £ [epy1, ..., enr].
D€ phan tich chi tiét cdc thudc tinh ciu tric riéng cia
ma tran hiép phuong sai Rx tham khéo tai [3].

Khi cdc khong gian con da dugc xdc dinh, c6 thé ude
tinh huéng dén clia cac tin hiéu mong mubn bang cich
tinh phd khong gian MUSIC trén ving quan tim:

a’(¢)a(¢)

Prusic(¢) = o (0)EnEn T a(0) (5)

DE danh gid sai s6 ctia thuit toan uéc lugng tdt nhit
c6 thé dat dugc theo huéng séng dén, dudng bao CRB
(Cramér—Rao bound) [14] cho mdt nguén dugc tinh bdi
cong thuc:

CRB(¢) =J ! (6)



CRB (Do)

o's S S S T S S S T T S S S S
0 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 170 180

DoA (Do)

Hinh 2. CRB ciia méng anten ULA hai phan t&

v6i J~1 1a ma tran Fisher:

J= K.trace{RglaRnglaRx}

P oler
2SNR? )
= W[Q(%@Ha)f @
+ (14 SNRJa]*)(|lal*|al* — [a"a]*)]

véi 4, = da/0¢. Hinh [2] biu dién CRB cia ming
anten ULA (thing cach déu) véi cac tham s6: M = 2,
SNR = 70 dB, s miu K = 1024. Nhu vy, thiy ring
mang ULA hai phan tif ¢6 16i uSc lugng nhd véi cic
huéng dén truc giao va sai s6 16n véi ciac huéng dén
song song v4i mang anten thu.

[Il. THUC THI PHAN CUNG
A. Phdn ciing SDR

Viéc u6c lugng huéng séng dén mang anten thu dudc
thuc hién trén phin mém GNU Radio, vA phan ciing
gdm ba thiét bi BladeRF x115 trong d6 mot thiét bi
danh cho bén phat va hai thiét bi con lai tuong ting véi
hai phan ti anten clia bén thu.

Cac khbi nguén phat, thu, diéu ché, ma kénh dugc
phat trién bdi chinh GNU Radio, khéi diéu ché DVB-T
dugc phat trién béi yo3iiu [13].

V6i mot hé thu gém cac phan tif riéng 18, can phai
ddong bd hoéa cic phan ti SDR trong méng thu trudc
khi dit liéu c6 thé diung dé€ udc Iuong hudng séng tdi.
Nhim muc dich dong bd, udc lugng DoA va giao dién
hién thi cho ngudi dung, nhém nghién ctu xdy dung
trén GNU Radio cac khbi bao gdm: “Sample Offset” va
“Delay” u6c lugng tré mau va dich mau trén ludng dit
liéu; “PCA Phase Diff” va “Multipy Exp” udc lugng sai
khdc pha va dich pha ctia cic miu; “DOA” va “DOApy”

dé udc luong va hién thi két qua phd khong gian MUSIC.
Chi tiét viéc dong bd sé dudc trinh by & phan [[II-B

B. Péng bé hé BladeRF x115

1) Déng bé xung dong ho giita cdc thiét bi SDR mdng
thu: Viéc dau tién can lam v6i mot hé st dung nhiéu
SDR, d6 la phai chia dudc xung dong hd chi trén mot
thiét bi, chia cho cic thiét bi con lai, ddm bao chic
chén rang ching chay trén cing mot xung dong ho. Véi
BladeRF, diéu nay da dugc nha san xuét tich hdp san,
v6i cdng SMB (System Management Bus).

2) Hiéu chinh fope: Nha san xuét cung cip cong
cu kalibrate-bladeRF [16], cho phép ngudi dung st
dung tin hiéu tif mot kénh FCCH (Frequency Correction
Channel) dudng xudng tif tram cd s6 GSM & gan dé
hiéu chinh lai VCTCXO cuta BladeRF. Sau khi hiéu
chinh két qua thu dugc tif may phan tich phd cho sai
s6 chi 5 Hz & tan séng séng mang 923 MHz va d¢ 1éch
A fottses = 20 Hz.

3) Hiéu chinh DC e va cdn bdng mdu IQ: Nha san
xuit da tich hgp sin viéc can bang miu IQ trong thu
vién ctia BladeRF, chi tiét c6 tai [17]. Ngoai viéc hiéu
chinh trén phan ciing, st dung khéi DC Block [10] trén
GNU Radio d€ loai bo hoan toan thanh phin mot chiéu.

4) Hiéu chinh sample ,,: sample .. hay tré mau
giy ra bdi viéc truyén dif liéu tir BladeRF dén cong
USB trén cac BladeRF khac nhau la khéng cung mot
thoi diém bt diu. Viéc ddng bd tré mau c6 thé dugc
thuc hién bing viéc sit dung thém phan ciing, tuy nhién
trong nghién ctiu nay, ching t6i st dung tuong quan
chéo clia mot tin hiéu tham chiéu vo tuyén x(t) bén
ngoai dé€ uéc lugng do tré. Pay 1a phuong phdp c6 tinh
linh hoat cao, c6 thé dong bd lugng miu diau vao 16n
(chuc triéu miu), tuy nhién bi gidi han do chinh x4c bdi
moi trudng truyén.

Tuong quan chéo x; x x2 gitta 2 tin hiéu phuc:

x1(t) = x(t)
xo(t) =x(t —T)

I ®)
X1 *Xo(T) £ / x7(t)xa(t + 7)dt

— 00

T = argmax(xy * X2)

v6i * 1a ky hiéu cta lién hgp phc, chi c¢6 nghia khi x;
la s6 phic, T 1a thdi gian tré gita 2 tin hiéu. Roi rac
cong thic tuong quan chéo (2.2) d€ ap dung cho céc
mau:

X1 *X2(n) = Z x7(m).xa(m +n) 9)

m=—0o0



s6 mau tré tuong ting 1a n = argmax(x; x X2). Nhugc
diém cta phuong phap nay 1a néu tin hiéu dau vao c6
tinh tuong quan cao giifa cdc miu, két qua dau ra sé
khong chinh xic; néu do tré mau qua 16n, thong thudng
16n hon § s6 miu dau vao d€ tinh toan thi khong thé
tim dudc do tré ctia cac ngudn. Vi viy, sb lugng phan ti
dugc dua vao dé udc lugng tré miu c6 thé nang 1én dén
hang trim nghin phan ti d€ chic chin ring thu dugc do
tré khdp, nhung dé€ giam thi€u tinh todn, chi can thuc
hién hiéu chinh sample ., ngay khi hé thong khdi dong
va luu gia tri tré ¢d dinh cho toan bo thdi gian chuong
trinh chay. Do mot khi ludng dif liéu tif SDR da vao
dudc GNU Radio, lugng tré nay sé giti 6 mic on dinh.
5) Hiéu chinh phase,,,: Van st dung mot tin higu
tham chiéu bén ngoai dit & géc 90° dé cin chinh pha,
do dugc truyén qua kénh truyén v6i nhifu, da dudng,
suy hao,.... néu udc lugng sai khdc pha truc tiép:
A¢ = ¢1 — ¢, su sai khac pha tinh toan ra sé phat
sinh nhitng sai s6 ngdu nhién khién hé thong khong thé
vé trang thdi 6n dinh. Vi viy, sau khi di cin chinh tré
mau, phuong phdp duéi day st dung thuét toan MUSIC
udc lugng DoA va phan hoi vong kin d€ tinh todn ra do
1éch pha gitta cac tin hiéu.
1) Udc lugng su sai khic pha ctia SDR sit dung thuét
toan MUSIC [12].
2) Phén hoi sai khac pha vé khéi “Multipy Exp” (hay
eJ'Ad))_
3) Lip lai hai budc trén lién tuc dén khi 6n dinh,
phuong sai giam dén ngudng € mong mubn (trong
phan thuc nghiém e = 1073).
4) Chuyén ddi hé tir trang thdi dong bd sang udc
lugng DoA.

IV. KET QUA MO PHONG VA THUC NGHIEM
A. Két qud mé phéng

Mo phéng dit liéu BladeRF thyc vé6i tin hiéu dau
vao 1a am thanh dudc diéu ché NBFM qua kénh truyén
Rayleight NLOS va SNR = 70 dB. Chay m6 phdng véi
cdc tép am thanh khac nhau, mdi tép chay 5 lan va ghi
lai két qua thong sb dong bd va vector gia tri riéng tir
hé DoA, sau d6 tinh trung binh va dua vao bang

Bang I
KET QUA MO PHONG PONG BO
Ngudn tin hiéu b tré | DY léch Vector
g ¢ (mau) | pha(rad) gia tri riéng
Tép am thanh 1 994,6 0,72986 0,00048; 0,04719
Tép am thanh 2 991,25 0,72999 2,035e-5; 0,08634

Nhan thiy viéc udc lugng do tré bing tuong quan chéo
ctia tin hiéu NBFM cho két qua chua hoan toan chinh

Hinh 3. Thuc nghiém hé thdng xic dinh huéng séng dén st dung SDR

xdc (< 10 mau), kéo theo d6 sé 1a sai s6 khi u6c lugng
dd 1éch pha & mic 0,056 (rad). Thong s6 danh gia con
lai 12 ma trin vector gid tri riéng, bi€u hién sy phan biét
gitfa tin hiéu va tap am, véi ty 1& trung binh 10% dén
103, tin hiéu NBFM dti dé xuét hién dinh phd trén phd
khong gian MUSIC.

Tinh RMSE ctia géc DoA thu dugc (gzNS) so vGi goc
dén thuc t& (¢) nhu trén cong thic v6i D la sb 1an
thu thap két qua, sai s6 dudc khi ngudn tin hiéu la tép
am thanh 1 biéu dién trén hinh [gl

— &) (10)

Do ¢6 sai s6 trong viéc dong bd dan dén két qua du
giit nguyén dugc hinh dang nhu CRB nhung sai s6 1a
kh4 16n v6i RMSE 16n nhét dat 17° & cic gc c6 huéng
t6i song song véi hé thu.

B. Két qud thuc nghiém

Hé thu phat si dung BladeRF dé€ uéc lugng hudng
séng dén & hinh [3|1a hé théng dudc cai dit hoan chinh,
gdm mot BladeRF phat va hai BladeRF thu, ca ba anten
dugc st dung déu 1a anten vd huéng VERT2450. Tan sb
séng mang f, = 923 MHz, la tin sb ndm trong khoang
gitfa ctia dudng 1én va xubng trong GSM900. Piéu kién
thyc nghiém 12 Pai hoc Céng Nghé - PHQGHN, tién
hanh thuc nghiém 350 1an, x4c dinh huéng séng dén tir
cic géc khic nhau, d& gidm thi€u sai sb chi quan do
phan gidi khi thuc nghiém & mdc 5°, b6 tri hé théng &
ba vi tri khac nhau d€ dua ra 4nh huéng clia mdi trudng
dén do chinh xdc ctia hé DoA.

Két qui dong bd hé thu gdm hai BladeRF nhu trén
hinh 4. Nhan thiy sau khi di dong bd, hé théng 6n dinh
& goéc ban dau 90° nhu mong mudn.

1) Tin hiéu bdng hep: Diéu ché NBFM trén GNU
Radio vdi file nguodn 1a file Am thanh nén & chuin WAV
(Waveform Audio File Format). Tin hiéu dau ra bing
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Hinh 4. Két qua dong bo hé SDR

hep 5,3 kHz (SNR trén 70 dB) va chi cAn mot bo loc
thong thip 5 kHz va khdi gidi diéu ché NBFM tiéu
chuin 1a di dé€ giai diéu ché.

Giao dién két qua trén GNU Radio nhu trén hinh [5| &
day tin hiéu phat & géc 60°, nhan thiy néu khong dong
bd hé thu trén dudng mau xanh, phd MUSIC cho ra két
qua sai vé gia tri DoA va bién do ctia dinh phd ciing
thip hon so véi dudng mau dd khi hé da dugc dong bo.

Thuc nghiém 350 lan, sau d6 tinh RMSE thu dudc
két qua nhu trén hinh[6] Nhan thy, dang biéu d6 RMSE
thu dugc tii thuc nghiém 12 tuong dong v6i md phong va
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Hinh 6. RMSE: DoA m6 phong va thyc nghiém

CRB dudc uéc lugng & hinh [2} sai s6 & cac goc gan 90°
nhd, va ting dan & cic géc & hai bién cta phd khong
gian. O khoang géc tir 60° dén 135°, sai sb dudi 6°, va
do chi st dung hai phan tif anten mang thu nén mic sai
s6 nay 1a chip nhan dugc.

2) Tin hiéu bing réng: Tuy theo ly thuyét, thuit toan
MUSIC ap dung cho mo6 hinh tin hi€u bang hep, nhung
trong nghién ctiu nay, s€ md rong thém va st dung tin
hiéu biang rong cho hé DOA st dung thuat toan MUSIC.
Tin hiéu bang rong dugc st dung la DVB-T, tin hiéu
chuén thu truyén hinh s6 mit dit tiéu chuin & Viét Nam.
Diéu ché chuian DVB-T trén GNU Radio véi file ngudn
1a file video nén & chudn TS (Transport Stream), bing
thong 8 MHz, ciac thong sb con lai c6 tai [15]. Do st
dung OFDM nén phd ctia DVB-T bi trai déu trén dai
tan s6, din dén SNR & mic 37,5 dB so véi trén 70 dB
cia NBFM.

Qua thyc nghiém st dung tin hi€u bang rong DVB-T
cho ddng bo va xdc dinh huéng séng dén, nhan thiy
néu thu toan by 8 MHz bing thong ctia DVB-T st dung
cho ddng bo hé BladeRF thi khong thé thu dugc két
qua nhu md phéng. Vi vy thay vi st dung toan bo dai
bang rong cua tin hiéu DVB-T, ching t6i chi thu mot
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Hinh 7. RMSE: DoA véi tin hiéu NBFM va DVB-T

phan ctia phd DVB-T la 2 MHz, sau d6 st dung thém
bd loc thong thip 5 kHz nhu NBFM d€ liy mot phan
nhd cda tin hiéu DVB-T ban dau, diéu nay khién viéc
gidi diéu ché tin hiéu dong thdi nhu NBFM la khong
thé, tuy nhién lai cho két qua t6t khi xdc dinh hudng
séng dén.

Két qua thuc nghiém trén hinh [7] khi thuc nghiém
DoA tai mot vi tri chi thay d6i phuong thiic diéu ché
tin hiéu, cho thiy du & khoang 135° dén 180° sai s cla
DVB-T la nhd hon NBFM va hinh dang ctia do thi sai
s6 ctia hai loai tin hiéu nay van 1a giéng nhau va gii
dudc hinh dang nhu trong m6 phong va CRB.

V. KET LUAN

Bai bdo da dua ra phuong phap dong bd hé thu SDR
BladeRF x115 sit dung mot tin hiéu tham chiéu vo tuyén
nhim st dung cac SDR riéng ré cho muc dich uéc lugng
huéng séng t6i. Két quéa thuc nghiém cho thiy sai s6 uéc
lugng theo hudng phu hgp véi cac du doan tu dudng
bao CRB. Sai s udc lugng ctia hé théng dudi 6° trong
khoang 60° dén 135°. Bén canh d6, viéc wéc luong
huéng séng dén ctia mot tin hiéu bing rong ciing dugc
thit nghiém va cho két qui tuong duong néu chi 1dy mot
khoang nhé trong tin s ctia tin hiéu phat. Cac két qua
thu dugc con sai s6 do qué trinh dong bo, hay s6 lugng
thiét bi mang thu con nhd, trong tuong lai, chiing toi sé
xem xét ting thém sb phin ti BladeRF trong méang va
ddng bo bang phan ciing dé€ phuc vu cho cic muc dich
nghién cdu, giang day.

Cic luu d6 trén GNU Radio da dugc st dung trong
bai, cac khéi dugc ching t6i xiy dung va vi du c6 thé
tham khéo tai:
https://github.com/DoHaiSon/gr-DoA_BladeRF
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