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ECG Reconstruction of Body Sensor Network Using Compressed Sensing

Based on Overcomplete Dictionary

PENG Xiang-Dong! 2 ZHANG Hua' LIU Ji-Zhong?

Abstract Regarding to tackle the problem of demanding high accuracy reconstruction electrocardiogram (ECG) signal in
a remote monitoring center of the body sensor network (BSN) and the low power problem of the body sensor network, this
paper proposes a method of ECG reconstruction of body sensor network using compressed sensing based on overcomplete
dictionary. The proposed method uses the compressed sensing theory and random binary matrices as the sensing matrix
to measure the ECG signal on the sensor nodes. After the measured value is transmitted to the remote monitoring center,
the overcomplete dictionary based on K-SVD algorithm training and the block sparse Bayesian learning reconstruction
algorithm are used to reconstruct the ECG signal. Simulation results show that the SNR of the compressed sensing
reconstruction ECG based on K-SVD overcomplete dictionary method is 5~ 22dB higher than that of the method using
discrete cosine transform when the ECG signal compression rate is at 70 % ~ 95 %. The method has the advantages of
high accuracy of signal reconstruction, low power, and easy hardware implementation.
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Fig.10 ECG reconstruction of Number 100 using DCT
base ((a) Original ECG signal; (b) Reconstructed signal
via OMP DCT; (c) Reconstructed signal via BP DCT;

(d) Reconstructed signal via BSBL-BO DCT)
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Fig.11 ECG reconstruction of Number 100 using K-SVD
overcomplete dictionary ((a) Original ECG signal; (b)
Reconstructed signal via OMP KSVD; (¢) Reconstructed
signal via BP KSVD; (d) Reconstructed signal via
BSBL-BO KSVD)
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Fig.12 ECG reconstruction of Number 118el2 using
DCT base ((a) Original ECG signal; (b) Reconstructed
signal via OMP DCT; (c) Reconstructed signal via BP

DCT; (d) Reconstructed signal via BSBL-BO DCT)

100 150

KRS A
@
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Fig.13 ECG reconstruction of Number 118e12 using

200 250 300

K-SVD overcomplete dictionary ((a) Original ECG signal;
(b) Reconstructed signal via OMP KSVD; (c)
Reconstructed signal via BP KSVD; (d) Reconstructed
signal via BSBL-BO KSVD)

IR g BRI ECG 155 417 601 301 ~
601600 1) 300 KA AT, HTEAFRNRBAS 5 R
HARFRIFFE, Kt a S8 T R85 ECG
FAY SNR ARk, Ay JE— 20 560 UF A SC i % FH 532
WA B, LU MA S ECG {55 100
MYEH 450 001 ~ 650 000 F5 e ECG {5 %5 118e12
(R 1 L 558 001 ~ 650 000 HEL 20 AN [AlE 5
BORIMNR, )5 =R SNR I kK E. Hdp
AT 10 A0 601 301 A ERTFIZELE 10 4N 300 4K
FE RS 5 B, oA 10 AN ABEIRAE 5 H F 1fs
SHBENMEL. & 1 2&E CR 4 70 % WAFEM
SEAFR G 7R 20 MRS S B ECG &
44 SNR. “F-EIME R 45 5. WE AT LLE Y, 5T
ANEWEAL S 100 19 ECG {59, £ K-SVD il 58
S iFRE 7 F, A BSBL-BO 54 5 () B A4
SNR 4 98.46896, ik Fll i KAH. [FIFEX A Erigead
k5 11812 11 ECG 155, 78 K-SVD i 5 &
it 70T, FIFH BSBL-BO AT SNR K
53.90075, tHiA#] 75X ECG 15 5 M5 K MH.
P&t B MNASRIINAR A 5 BEIGAIE T A SCHT R F 1 i 5¢
WA 7 XA m I E A SNR.

4.2.2 ECG #iE&ES®

W 320 B0 AUE A SC T O v A P RN i
JE, BLUR A MIT-BIH 00 50 B0 2 48 4l
PP BEHLAE 10 4%, A MIT-BIH M55 s 78 2l
JE 12 il s BEALIEL 6 41T ECG FE AR ZE
W, WA S50 BSR4 ECG U S250 A
], Mg Rk 2 f1k 3 Pron. X TAEEER 10
% ECG 55, & 2 Fdik ), fERMEM LT,
AKICFTRH 3T K-SVD it 5e 4 7 i 7 F
(F)EA SNR BT DCT Faigi 5 X R 1. [\,
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Table 1  Comparison of reconstruction SNR of ECG on different reconstruction algorithms and different sparse modes
AR ECG f3 SNR (DCT ##ist F) SNR (K-SVD it 5 & 54 F)
OMP AEEALRS 100 52.60732 85.12735
OMP iR 118e12 17.26675 45.03966
BP AL 100 59.12505 89.59235
BP FEId RS 118e12 21.24884 33.52085
BSBL-BO AEEILRS 100 84.0302 98.46896
BSBL-BO TS 11812 51.05363 53.90075
#* 2 AREMFEIEAMFG TN RA S ECG B EM SNR HAEL
Table 2 Comparison of reconstruction SNR of no noise ECG data set on different reconstruction algorithms and
different sparse modes
jeS5 DCT BSBL_BO KSVD BSBL_BO DCT OMP KSVD OMP DCT BP KSVD BP
100 85.2031 97.0859 54.0388 88.5069 58.736 88.1268
102 83.473 102.1577 59.7605 92.1146 65.0914 103.3329
107 78.8764 97.1034 59.5157 88.6315 56.1945 72.9828
113 84.7706 95.1761 44.6169 62.7162 49.414 90.4401
122 87.7962 93.8255 48.9806 81.7789 52.3446 94.3664
200 78.5768 88.1214 59.1597 772717 60.2506 65.4216
208 78.0478 90.6917 50.1437 75.5193 53.7622 68.7272
219 86.6796 102.4294 44.1552 86.6639 50.7331 94.2136
222 86.3105 89.166 57.2979 80.7498 64.2563 67.7078
232 96.7379 100.0705 62.6233 88.1952 69.0942 80.7954
#* 3 AREMEEAMG RS ECG Hdi i E R SNR HE
Table 3  Comparison of reconstruction SNR of noisy ECG data set on different reconstruction algorithms and
different sparse modes
RS DCT BSBL_BO KSVD BSBL_BO DCT OMP KSVD OMP DCT BP KSVD BP
118e00 66.7225 70.0119 49.1125 59.1272 49.7389 54.418
118e06 51.9248 64.367 34.2946 53.6115 34.9342 51.2267
118e12 34.3441 47.6862 16.6874 35.9022 17.3243 34.0383
119e00 91.493 98.868 63.9782 76.8362 49.9032 57.0713
119e12 56.5285 61.2731 36.4176 43.937 35.2836 23.4362
119e24 69.8621 79.5698 42.4904 59.9957 28.3435 45.8439

=R Sk, A BSBL-BO HAA 5Lk
L SNR i

T EER 6 4 ECG ff'9, BARBAEN
SNR A1 FFF, (HNR 3 1% FIAE ] LUACEL,
ARSI 50 T 5 ECG 55 BA MR &
e DL, it X A ECG A, i 2 54
ECG %uflide, ALt 1A AAT k) SNR
B

4.3 AEEZHEXETH ECG EMIRELLR

H T, X ECG {5 5 k4i ik 2, Hrp
FIH 4> 543 M7 (Principal components analysis,
PCA) J7ixf ECG #EAT R4 & — AN LA = 7
PRI PCA SR B 5 2250 BEREATRAE S0, 19
B sy (RIRFAE ) &) S5 e TRBUE (RIRFE
fH), SR 5 i I 0 5 fe /D IR R AIE [ B RREAIE AR (1) 2
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©
PCA 5 KSVD-CS J7iidsx'5 100 (f) ECG HAY
((a) IR ECG {5%5; (b) PCA HEMIE;
(c) KSVD-CS M5

Fig.14 ECG reconstruction of Number 100 using PCA
method and KSVD-CS method ((a) Original ECG signal;

(b) Reconstructed signal via PCA; (c) Reconstructed

K 14

signal via KSVD-CS)
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©
15 PCA 5 KSVD-CS Jjikidsk 5 118e12 [
ECG FEHM ((a) J5i4fi ECG f5%5; (b) PCA EMIES;
(c) KSVD-CS EH#f54)
Fig.15 ECG reconstruction of Number 118e12 using
PCA method and KSVD-CS method ((a) Original ECG
signal; (b) Reconstructed signal via PCA; (c)

Reconstructed signal via KSVD-CS)

#4 PCA 5 KSVD-CS Jjikm#ER) SNR HAE
Table 4 Comparison of ECG reconstruction SNR of

PCA method and KSVD-CS method

TR 477 1 SNR (il % 100) SNR (il %5 118e2)
PCA 113.1481 71.1626
KSVDCS 98.1391 50.195

SR, PCA R4 i 2 K 5 52 4 RFE 2 5 7
HEAT AR, 100 SC T4 1R 2 e 48 8% A 1) 7 v
— P RCRFEI R, B RS 5 1 15 Bt
AT DS IR i A R v i 115 A, SR A IR I
SO T BRI G IR I P Rl O R AEAN A LR
BT, o H PR, He i v 3 22 H 1) 5
PRECHE 0 = BCR A, AR 4.

ARG AN EARAE L ) 5 TR M 5, T
D RAE R (SRR ARSI R 46 %) 117421k
ANE 2 S Mz Fe R v RO AR EE ABRE B, 4y
SO FE AR BT S IR SR A . TSR S T e, Rk
IR BT AN R 455 R 10 ECG SEARS X LE.
MAE R S2E CL 2 5AE T BSBL-BO 59k HAT ¥
(R SEADRS B, ML R AR i A B, ER R R4 %
UL, LR ECG {5 5 4E K-SVD 15847
LA DCT wMHaes 7 20 NI E R SNR. B 12 A
T ECG 5% 100 76 CR K 90 %, HAhsLK: 2
A SN R, A BSBL-BO HAyH%k, fEHT
DCT i3 K-SVD i 58 £ 7 S by Rl iy 28
RIS S, WK 16 Al LLE 1, 5T K-SVD
b 5e 24 7 R 57 AL IE T DCT b S i 7 5K
(1) TR B 23 S5 0 BECG 15 530K, x4
B ECG 55 118e12, KW 17 HRIFEE /R T A IR
HIIET K-SVD i 5¢ # - du s gn 7 = 8.
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& /mV
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50 100 150 200 250 300
REES A
©

K16 4% CR 4 90% Iidat’s 100 ) ECG HE iy

((a) J5f ECG 15%5; (b) BSBL-BO DCT EMH5;

(c) BSBL-BO KSVD {5 %5)

Fig.16 ECG reconstruction of Number 100 when
CR is 90% ((a) Original ECG signal; (b) Reconstructed
signal via BSBL-BO DCT; (c) Reconstructed signal via

BSBL-BO KSVD)
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17 4% CR 4 90 % INidsk'S 118e2 () ECG HAY
((a) Jilf ECG 15%5; (b) BSBL-BO DCT EMfE5;
(c) BSBL-BO KSVD 5 5)

Fig.17 ECG reconstruction of Number 118e2 when
CR is 90 % ((a) Original ECG signal; (b) Reconstructed
signal via BSBL-BO DCT; (c) Reconstructed signal via
BSBL-BO KSVD)
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SVD &t 5e 4 it 7 U R B SNR 35K T Y
(1) DCT #5674 58 /7 SN A SNR. M4 2 Bl £ s
W, M CR £ 70% ~95% I, K-SVD i 5g4%
F R G 7 38R SNR % b DCT i JEHs i 7
X SNR & 10 ~22dB. Kl 19 A4 ECG 13
5 118e12 [AIMH AL T HIE ) SNR 4k, K 19 5
18 BAAHFRIMRCR. [RIFEAR Hs 22 B B o h 5, 247
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M SNR Zi DCT g #si 77 X 1) SNR & i
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Fig. 18 Comparison of reconstruction SNR of Number

100 on different CR and different sparse modes
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Fig.19 Comparison of reconstruction SNR of Number

118e2 on different CR and different sparse modes
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