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Fast DOA Estimation Algorithm Based on Sparse Bayesian Learning
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(1. College of Information and Communication Engineering, Harbin Engineering University, Harbin, Heilongjiang 150001, China;
2. Peng Cheng Laboratory, Shenzhen, Guangdong 518108, China)

Abstract: To address the poor real-time performance of sparse Bayesian learning-based algorithms in direction of
arrival (DOA) estimation, this paper proposes a fast DOA estimation algorithm based on sparse Bayesian learning. First, the
proposed algorithm adopts a noise variance pre-estimation method to independently estimate the noise variance prior to the
Bayesian learning iterations, thereby effectively reducing the number of unknown parameters in the Bayesian learning
iterations and accelerating the convergence of sparse Bayesian learning. Second, the proposed algorithm combines spatial
filtering with reconstruction of the observation covariance matrix. By constructing a spatial filter matched to the directions
of the signals to be estimated, energy interference from non-target directions is suppressed. Meanwhile, in view of the
cluster distribution characteristics of the true incident signal energy over the complete spatial grid, a local reconstruction of
the observation covariance matrix is performed to extract the covariance information corresponding to a cluster of grid
points associated with the target directions, thereby mitigating the influence of signal energy leakage between adjacent grid
points on the complete spatial power spectrum and improving the DOA estimation accuracy. Finally, to tackle issues such as
frequency agility of signals, the proposed algorithm does not rely on array translational invariance, is applicable to non-
uniform arrays and enables DOA estimation for multi-band signals, thereby enhancing its applicability under different array
configurations and frequency conditions. Computer simulation results show that under low signal-to-noise ratios and a small
number of snapshots, the proposed algorithm ensures high estimation accuracy while reducing the runtime by 37.27% compared
with benchmark algorithms, and is applicable to narrowband signals within the multi-band range of 0.8 GHz to 6 GHz. In
addition, experiments were conducted in a microwave anechoic chamber using unmanned aerial vehicle (UAV) video
transmission signals and standard signal sources, further verifying that the proposed algorithm achieves fast convergence

and stable DOA estimation performance for mixed signals comprising UAV video transmission signals and standard signal
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Figure 1  Schematic diagram of linear array receiving signal
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Table 3 The running time of each algorithm under the SNR of=6 dB to 20 dB
unit: ms
Rk FCSBL iRVM | Root-SBL | GI-MSBL | MUSIC
-6 dB 13.55 266.2 225.0 21.6 0.92
-2dB 12.12 194.8 176.7 18.3 0.92
2dB 9.91 123.9 118.0 14.8 0.92
6dB 8.10 79.3 68.5 11.3 0.92
10 dB 6.86 49.8 41.3 7.87 0.91
14 dB 6.04 43.7 27.9 5.07 0.91
20 dB 5.29 35.6 20.1 3.34 0.91
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unit: ms

Ak FCSBL iRVM | Root-SBL | GI-MSBL | MUSIC

16 10.37 142.8 140.9 16.04 0.92

32 10.56 145.9 143.3 21.09 0.92

64 11.06 148.1 147.2 22.63 0.92

128 12.23 154.8 163.3 25.66 0.92
256 14.43 163.5 201.8 31.37 0.93

512 18.22 181.3 281.8 40.25 0.95

3.5 BTN E LRI
LRI AR T WIS AR ARG T s Tk
R RS AR M EB N (-5,+5)+ (B 510y



A BHAE BT g DL > B P DOA A TRk 9

Aii 78 [-A9/2, A9/2]5 T £ 15 Fil D —60° ~60° 5 15 5 4 3
0.8 ~6 GHz ; % & B o [A] 5 24 {0, 7,13,169/7,118/35}
x821/35 (mm) ; PFFIEC R 325 5 M kb 4 3 -3 dB |
0dB .13 dB.20 dB. SZHGZ5E R AN 8 iR o

10! T T
%~ SNR = -3 dB
~--—SNR= 0dB

~-6&-—SNR = 13 dB
K ~-+-- SNR =20 dB
10°F *
= Tk
E b x il ¥ . — -
- x
L N
10 F T
g e
e e S
S N i s (S S—Y ]
N e = U +
10*2 L L L L Il L 1 ! L 1
0.8 1.0 155 2.0 25 3.0 3:5 4.0 45 5.0 55 6.0
Hi% /GHz

K8 0.8~6 GHz N A5 L RMSE
Figure 8 The RMSE of different SNR under 0.8 GHz to 6 GHz

M 8 AT LU i, i 57k DOA fhi iR 22 b5 15
5 3 T REA , g IS FH TF 5 0350 0.8~6 GHz
# DOA i 11, 36 2 b 38R [l 45 500 1] A s ok o i
Gh % F I AMLE S % 2.4 GHz F1 5.8 GHz 5 % [
T, TS 1 RMSE $IKT0.57, S Jo A AL Bk 43t 45 1]
e P S &y

SLEGON W EAR T A IS A AR S O Tk
B R 2E G T A AR N (-5,+45)+(, (1
5] 53 AT TE [-A9/2, AY/2]; W £ 15 [l 2l —60° ~60 5 15 5 i
R 2.4 GHz; 1% # M Oc [ E°R {0,7,13,169/7,118/35}
x821/35 (mm ) ; PRAAKCH 32; (5 Mt A —6 ~20 dB. 5L
I sk RAanE 9 fif s

ME 9 Hha] LLE Y, Root-SBL . 3% Fl iRVM 8.
) RMSE 2K B8 Bl 5 175 W L (%) £ T+ 1A 20T [, X R I

T T T
—©&—FCSBL
et iRVM
£~ Root-SBL
£---GI-MSBL
- MUSIC

1072 L L L L 1 1 1 L L Il I I
-6 -4 2 0 2 4 6 8 10 12 14 16 18 20
SNR/dB

FEl9 5] FE51-6 ~20 dBfF M L N RMSE
Figure 9 The RMSE of non-uniform array under the SNR of -6 dB to 20 dB

X A VA TR AR S ) B R AF AR A G L ) R, T
FEAR M2 ELAIR T 14 dB B, JIr 48 5378 RMSE fIK T X H 5
B, U HR AR E M I DOA Al 345 B O 35 08 b B

SE L S R R 16 .32 .64 .128.256.512;
ML 0 dB; HR S5 5 5000 8 — B, SLge g A n
B 10 fIr s o

10'

T
—6©—FCSBL
-—+—iRVM

N £~ Root-SBL
25 @--- GI-MSBL
*— MUSIC

RMSE/®

. . . .
16 32 64 128 256 512
SRS

FE 10 AE35IFES 16~512 PHMECT RMSE
Figure 10 The RMSE of non-uniform array under the snapshots of 16 to 512

M 10 AT LA Y Al ¥ A0 B 3 r 4 B vk
RMSE /)N, DOA Al 145 B e e , U AE/IMIAECR 1
NP BE T B & . M Root-SBL 34 5 Al iRVM 44 %5 1)
RMSE A & R DL 88 i A 240 F B, i — 2B Ui B A7
AR5 B BRI S FE () 30, 8 v O 345 AR B
4 RUKEEELNELIE
4.1 SLIGIREE

Sk O UE T4 VR A ROHE | AR T I v R IR
Uit K FH PR 38 B %R R 0.8~18 GHz 19 5 4> %o % J& 1 %
2 2 R AR ¥ 50 Bk B B IR I 1) R G, B T A EE Ol
{0.7.13,169/7,118/35}x821/35 (mm) ; & 5 ¥ 4 T4
W 1 ~18 GHz i XA B WK £k 5 K315 2 ZOOM Tt
ML G S50 R TE AL FAAR R 2.4 GHZz 3% 5.8 GHz;
55T 5 B EE B 10 m, K TS S I K, i R T
Yok o 3l i W i 1 i s e Wi S B B AR A R B
AL, 5 G S8 B ol -30°~30°, #5545/, 5
s 11 R
4.2 ZIGIIEFASHT

LY — « HLH bR SRR . o B A
LML IR 2.4 GHZ 1% 5.8 GHaz, 15 5 I8 43 31|
OB W WK LR % 565 0 2R A 15 dBm HL R 15 5 sl
MALEMLAE 5 515 55 R0 46 77 7 1 16 0° BT 5 PR 4
R 645 1% Bl i B Ad B bR AR EE BE B[] DA 0° 3] 30° F 2]
=30°fe S M2 0° 0 XF B AR & DL K T8 A — B AR
EJm, S g R E 12 iR .



10 R - T <

i TT45 M AER , X 02 KA 5.8 GHz HLRE I % K L
2.4 GHz K8, MR BE SN FLAR S0 T, DOA Ak 31 5 in
HERG . I 12(e) FTE 12(d) AT LLE 3T 6 AL
FA IR UL, BT HE SR B NS AU M A T ML H AR
. XTFEY DOA i E SIS A E N 257,
SR A WG I P =Y R o bl A AL N =
BRI 2 ZOOM B AT 7K PG BE A £ 0.3 m, iR & 4t
Uit 5 PO RE B 10 m TR B MEIREA R 1.7,

(b) fF=
(b) Signal source

(a) WO 2S00 55

(a) Microwave darkroom experimental

‘ (c) P51 SEMIRZW A AT LA T PRk R ST PR Y
(¢) Receiving array SIVER) X S 155 DOA R A RS 8 i .

B s 5 9cs b S X HBRR A E A SR b, B

Figure 11 Microwave darkroom experimental scene Jﬁ‘% T — A Hh Xﬂﬁ VSN éj% ZiETJ‘ LRz %*379 15 dBm H,

W12 () R 12(0) T At o Fpml el sSOL AL e (55 0=y h S B

T s . e KL KGRI 2H 15 dBm LGS 5 5 (55 08— %)
%%Tnﬁfﬁ;ﬁ%,Fﬁ?ﬁEﬁ/fDOA’Taﬁ‘gn%I—ﬁfﬂlbfﬁE ﬁﬁ‘ﬁ{jﬁ?’fSol}ﬁ]ﬁ %%dﬁ:%ﬂﬁﬁﬁ{ﬁﬁ]ﬁ—f&ﬁ
BB RGBT AR S UM T DOATR iy praiony 1285 4 3 08 15 5O X 5 63 B 30
ENMEFE AN IR%E ., FFETTUEN I 12(0) A SR, % H AR E 8 A — S0k 8 1
5.8 GHzE S AT 45 R ILE 12(a) 24 CHz E 500 J5, L g i 13 s .

40 40 40

5.8 GHZRIW K 2| ———2.4 GHz R AL ——— 5.8 GHz R AL
/—\ i 30 ] 30 /—\ ]
\ . /N .
A \ 2 4 2 \
/ y o A
wd N o E

kit fane/
T
oS
it/
7
//
o
\\\
it/

\
. 2, o N\ ]
/ z z \
10 y 10
y Ay
,/ 20 N/ 20 \
/ \_/ \_/
%
"
s w3 @

a
0 a8 086 0 s 10

T
Biil/s.

s 0 2 s 0 s
/s /s

(a) 2.4 GHzWIWURZAF SIHIIDOA (1) 5.8 GHZ MWL (S BRI DOA (¢) 2.4 GHz o ANLIE S AT DOA (d) 5.8 GHz & AMLAE 2 Y DOA

Is 0 2
/s

(CHEES it 4 b4
(a) DOA estimation results of 2.4 GHz (b) DOA estimation results of 5.8 GHz (¢) DOA estimation results of 2.4 GHz (d) DOA estimation results of 5.8 GHz
horn antenna signal source horn antenna signal source UAV signal source UAV signal source

B2 AREE SRR T DOA 45

Figure 12 DOA estimation results of different signal sources at different frequencies

40

40

Tt/
N
A
s
%
Tt/

[T

20

30 30 a0 5 0 2 00 3 098 0 s 10 5 0 2
/s /s

(a) 2.4 GHz XU WUR 2645 5 IR 19(b) 5.8 GHz XUMIWUR 25 5 IR 17 () 2.4 GHz T AN WURZIR  (d) 5.8 GHz JC AMLFI B MUK 26 1R
DOA i 452 DOA fliiH458% A5 URI DOA A 45 R HAEE IR DOA 45
(a) DOA estimation results of 2.4 GHz(b) DOA estimation results of 5.8 GHz (c) DOA estimation results of 2.4 GHz (d) DOA estimation results of 5.8 GHz

5w 0 2
/s /s

dual-horn antenna signal source dual-horn antenna signal source UAV and horn antenna mixed UAV and horn antenna mixed
signal source signal source
13 R IRBUR F DOA (4
Figure 13 DOA estimation results of mixed signal sources at different frequencies

M 13 Ca) FTE 13 (b) XF Herl LLA H A8 AU il DOA 1 11K5 B F %, 1B 2 DOA i 1145 5 Y4 B W5 i [
WUR LM B AU R 50, BAR G TR R ity ik S sh Mg fe, SHS M RAR—3, T



A BHAE BT g DL > B P DOA A TRk 11

kAR s £ . MR ZE R TS B h i G5
iR, it Bk RCE A B EE . JF B, B 13(b)
B DOA A5 T sy , S0 uE 1T 4R850 B3 7 5.8 GHz
SRR B S T 24 GH2 (55, 55086 — 455 —
o MWE 13 () A 13(d) X He ] LR 78 XSUCA
WK A Te AL 1 UL 5 37 5, IR 33 AR TH
R I 25 1 3 76 Sh R 47 1E 3 9 DOA fibiit. R 52—
ST —E, TE AR 224K IH K B B A5 i A4 7K 7 B
BR2E LR Sk AR A A L AR Y SRR 548 BT LA
XFAS [ AR R 1 Te AN ALAE 54K TH BB 98 2E 17 58 e 1
DOA ffiit. JuHJEAES5.8 GHz T, #HE T 2.4 GHz
Tia) R kA, 6 UE T T R A A 0 A L PN X AN TR
BRRAR A A5 5 0 1 A RO

i T s E LR N G s R e
AR HE -30°~30° YU ] N 45> R I AR BE A e L (E,
U TG BT DOA Al A 2 MR IR 25 . S 58I
PEFIE LB, T R X 1 A A BE XS [ 55 1k DOA il
T RMSE PR3 A% Y84 7 %5 He A3 AT, 36 i 2 5
B9 DOA Ak 11K B2 AP i SchE e

SIS = ORNRV B R REXT F . B AR SR
BRI 26 & B 1 2 0 15 dBm LR AR 5, HLAS
SRR 1.5 GHz; [65E 55 &, BEE AR5 IR 7 43 3k
—30°.—-15°.0° . 15° .30°; 451}y T4 oo &) 2k 5, B o

1000 T T T T T T T T T
900 1
800
700
600
E
2 500
E)
400 |
300 q
200 | —
orf| 1] IRIAA A L W
| | | L1l l
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
PR
(a) FCSBL
3000 T T T T T T T T
Root-SBL
2500 B
2000
) |
P 1500 |
Ez)
1000 } ‘ ‘
500 || 1 | ‘ ‘
] | L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
S RA

(¢) Root-SBL

6] #E k1.5 GHz HL R I 1 21 I 1, DRAAEICH 16, 4y

FRAFORFFAAR X B AR B A Gl IE A — SR OE ),

AT L A HEAT 10 000 S HE R 16 15 505, AN [R5
BB RMSE X Fb 45 5 an e 14 F13: 5 PR .

x5 AEEXEENFHAATRMSE LR

Table 5 The RMSE of different algorithms at each azimuth  unit: °

Ak FCSBL iRVM | Root-SBL | GI-MSBL | MUSIC
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15 1.285 1.341 1.330 1.314 1.312
30 1.396 1.478 1.443 1.438 1.433
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