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DoA Estimation Using Wireless Distributed PCA
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ABSTRACT

Principal component analysis is exploited to compress high-dimensional data into low-dimensions while
reducing losses. However, when using principal component analysis, central processing of data from a large
sensor network inevitably entails a communication bottleneck. In order to improve the communication
bottleneck, studies have been conducted on the distributed principal component analysis that performs principal
component analysis in a decentralized environment. However, there is a problem that most of the distributed
principal component analysis was conducted in a wired communication environment rather than a wireless
communication environment. To improve these physical constraints of wired communication, this study conducts
distributed principal component analysis in a wireless communication environment. We estimate the direction of
arrival based on the distributed principal component analysis and investigate how successfully distributed

principal component analysis can operate in a wireless communication environment.
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Fig. 1. Uniform Linear Array composed of 4 sensors
with distance d.
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AC Algorithm, AC(¥)

Initialization
Set_Iteration(iteration_times);
Message_Received:

For _ = 1 : iteration_times

1.
2
3.
4
5. For i = 1 : size(neighbor_table)
6 sum+=weight*(RF(neighbor_table[i].value)-value);
7 end for

8 Send_msg(ID, value, neighbor_table);

9 value = value + sum;

10. end for
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Derivation of eigen vectors

1. Derivation_first_eigenvector

O "
R, = gZx(t,;)x(t,;)

2.

i=1
3. 1, = power_method(R,)
4. Derivation_eigenvectors
5 Fori=2:N
6. ﬁ; = ([_ﬁi—lﬁiH—l)Ri—l
7 U, = power_method(ﬁi)
8 end for

AR A8 A AC darE]Fe] Al
7] ool 2e= 2k BAlel dlede] Hold A g
RE(*)E 483t

b e A¥ES Rl A4 nhuEE UE

i
o] THHEE o] gaje] Eel2be FHT.

ol

H

DoA estimation (algorithm performed at node k)

. Initialization
x, = (z(t), .z, (tg);
vy = rand(S);
. Power_Method
Fori=1:n
Vi = N* AC(vy. *x¥);
Vi = SUM(vy. *x,)/S * ones(S)

end For
. Normalization
10, uy = vi(1)

©® N o R WD

—
—_

¢ = ugconj(u,)

12. ¢ = sqrt(NVAC(c))

13, wy = u/e

14. Aggregation

15. e =
get_eigenvector_components(Network)

16. DoA_estimation

17. 6

source
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= VAR etk F ke e a4, ekt
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3.2.1 OIR=E Jhsof e Zafzt Y 2F

SNRe] £rhd o]% =9 ¢} WAgle] 278
o] A & 4 Stk o] mEl] e whE =
7} 34 2 FHEstimation Error)& "&s}A] A H7|
#1514 SNRS 0dBE A3k AdS 2lasisict

E 1. ol% kT el wE Zefizt 24 APRA
Table 1. Simulation parameter(DoA estimation to # of
neighbors).

Parameters Value
SNR(dB) 0dB
# of sensors 20
AC Algorithm iteration 20
Power Method iteration 5
# of Neighbor nodes 2n where 0<n<9

G ——w/o rayleigh fading -s—rayleigh, div=1
0.4 N rayleigh, div=2 —rayleigh, div=3
0.35 .

0.3

0.25

0.2

E{|6-0]}

0.15

0.1
o8 \,’A\

0 2 4

14 16 18

6 8 10 12
# OF NEIGHBORS

a8 2. AR o] xro e up Eezt = oF
Fig. 2. DoA estimation error to # of neighbors.
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© £

tlo tlo of., _}'_ r.?L’
N,

3.2.2 SNRol w2 Eeizt £8 27

SNRe| 3Fobdss o= o] AlEe] st 7
A7) shiel, 2c01229] gsle] ol sl ol
AN 24 9FE I

29 3904, SNRe] BREE 251 FASH
FolEt A BRI 4 gk 53] cholul e
o] 21} 39 mh= SAEA MRS WE 2R ¢l
e A BRIT 5 Sick

E 2. SNRel| u} a7t 34 Ay
Table 2. Simulation parameter(DoA estimation to SNR).

Parameters Value
# of Neighbor nodes 8
# of sensors 20
AC Algorithm iteration 20
Power Method iteration 5
SNR(dB) 0, 4, 8, 12, 16, 20

——w/o rayleigh fading —=—rayleigh, div=1

rayleigh, div=2 —<—rayleigh, div=3

SNR

O3l 3. SNRel| m& =izt 34 o
Fig. 3. DoA estimation error to SNR.

3.2.3 AC ¢1z|Zo| vk 0| Wz Tzt =X
e
C Yu2lEe] vk 3157} SRR, & A1)
9 7} S7VGE EE Ak e ol oigk A
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sher} Aaich AR A7le] AETE Fole b
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B4 abmelze] fAl BAF TR B4 lseA
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e
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& 2 S0 5 ek %) 29) vl o, A
3 AN AT RS o)83t Al 7
3} 7S AREEIA] Gdars Al AL A Bz
Alsal A9 AlA) she w4 SRl 4 ek

TableS Simulation parameter(DoA estimation to AC
Algorithm iteration).

Parameters Value
# of Neighbor nodes 4
# of sensors 20
SNR(dB) 20
Power Method iteration 5
AC Algorithm iteration 1, 2,3, 4,5

——w/o rayleigh fading —=—rayleigh, div=1
—<rayleigh, div=3

rayleigh, div=2

2 3 4
AC ALGORITHM ITERATION

T2 4. AC dE|Ee] whE 3l e meld 4 o5
Fig. 4. DoA estimation error to AC Algorithm iteration.
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EERA B FAE B o848 weld 4

B 4. AFARY Sl w =g 34 AP
Table 4. Simulation parameter(DoA estimation to
Power Method iteration).

Parameters Value
# of Neighbor nodes 4
# of sensors 20
AC Algorithm iteration 8
SNR(dB) 20
Power Method iteration 1, 2,3, 4,5

——w/o rayleigh fading -=—rayleigh, div=1

CE rayleigh, div=2 —<rayleigh, div=3

1 2

POWER METHOD ITERATION

4 5

O8] 5. AFAEY 35l U2 =z 24 o5
Fig. 5. DoA estimation error to Power Method iteration.
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(¢
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78, A AL TRl e1RE e E 280
13, o2 7 2 Al el i3k Eelito] HebA]m
A7 B EARRA| BR o3t Al s
oF dg} glo] ¥ d7-& Adskaat gk
st g, ek il sHeol sl of# 717150l

BN g

>0

fru

FAEAS Beeta ole o) vEs=
FAEAL WA A B TR B e

F A7 Al SFY3 0T Pel 2galrlel

A B B B 1% L A 71%e 488
o, =iz1] A3t o dlele] Hel, 58] IoT Hl=
Azgelale] Aol v AR 7Hesh A7) 7]
S8 st gk
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