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Abstract: Real-time electrocardiogram ( ECG) monitoring will result in large data volume, which
brings about severe pressure on the transmission and storage of the system. In order to reduce the
computational complexity of data acquisition and the data volume in transmission, compressed
sensing was used for the ECG signal. Taking time and error of signal reconstruction as critical
indicators,
comprehensively studied. The results demonstrate that when the compression ratio is within 30%
the percentage mean-square difference of the basis tracking algorithm is less than 4% , and the
reconstruction takes the shortest time. When the compression ratio is within 70% , the error of
subspace tracking algorithm is less than 10% , and the reconstruction time is always the lowest.

the performance of different reconstruction algorithms and wavelet basis are

However, the optimal wavelet basis is generally related to the specific compression ratio.
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# ( ADC) J5 B A5 5 1 25 0 200 #07/mV , ADC
411 47, ADC Z{E A 1024, A ¢ 1 HHR
KN 1024 SRBE S MLIT S8 R BEARE A5
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=2,n,=2,4,6,8;n,=3,n,=1,3,5,7,9;n,. =4,n,
=4;n,=5,n,=5;n,=6,n, =8) ;rbion,. n,(n, =1,n,
=1,3,5;n,=2,n,=2,4,6,8;n,=3,n,=1,3,5,
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reweighted least squares, 1% QA f /N — 3 ) FlI
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SN/ N S ] AR A 15 B4 3R %)
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PRD " VESHERE TP A 4 bR, CR 434 & 48 500 1
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B AW S EARUR AR 2. EAREGE R T,
BP (W FE A FEI IR 2 I 1Y, FF AR 4 HR7E 0. 2
~0.5 s. M JE 45 R A1 75% L L, OMP, BP,
CoSaMP #1 SP 1) H A FE I AW, ¥ 0.3 s
ZeAq. IRLS A4 FE A FE I AR 2 i 1 HA 3R k.

30

FE45 %1%

B1 FAEEHZETHEEERFER
Fig. 1 Reconstruction time of algorithms at
different compression ratios
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Fig. 2 Reconstruction error of algorithms at
different compression ratios
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X HL K PRD 1E 10% LA & VE FEAH Y 2 A4
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PRD #RREPRHFAE 10% LLpy, Hirp BP fyiR 2218 K
Bt , H PRD Aot 10% . 2445578 70% LA
N, 4% BP AN HA 1Y PRD JEAS REAR 5 7E 20%
DA, Horp IRLS iR 223K et , PRD 15 i
T 20% . [% BP #l IRLS 4}, OMP, SP #l1 CoSaMP
(] PRD FEFRAERTE 10% LAY, [RIRERYIR 2R, BBk
FIERA LR, YR RIR R 75% , i A ik
) PRD Y43 20% .

MBI % 4% 1 45 R X 3] PRD He/AY
B Y CR TE 45% LLNET, IRLS ) PRD f/;
24 CR 7E 50% ~70% ,SP i PRD #/]\; 24 CR #
if 75% ,OMP [ PRD #z/]N; 24 CR i5 5] 80% A,
A PRD B K (S T R RCRIR 2, R
BE&ESHEE
3.4 BHREMNEHWERPZINE

h T WS AE AR 45 5T, A 5] 7N 3 X
ECG {555 14 H 453 [ R0 SRAE S T AR R 52 ), A Sk
HUT 6 PR k1T B /N 28 4 (DWT) 1Y UL
/N BE . haar, Daubechies ( db ), Symlet ( sym ),
Coiflet ( coif ), Biorthogonal ( bior ) LI K&
ReverseBior (rbio) . % JEA[A] 1 s E S0, 15 5] 52
FRASTRI A /N R P SE G 45 T AR 3]
SP 15 FE 4R I A Bk | 255 2 IR L E A 1
22 MIEFFERT , 7245 RS R T, SP J2— A~ g
FRAR A BERE , T LA /0N il B (0 X6 BE 43 A 32 238
TSP HAHRL. SLE XA A B ECG {75 #E17l
R, IR B 4R R 0N [ #1740 41, B A AT 52
/N L (5 /N B S 8508 4k ) 43 591 i A
. LIS R LA PRD 1R R /NS T A SR 5
i R PEAN 46 A, PRD AT B SR04 250 0 s AL
RIS LL PRD Hh IS w5 00 60 HE S /N i 3 1)
YT, ¥ 77 51 1T 30% P Ry 35 A8 W00 B A 1 /N %
JE SRR A5 R AT LU SR B, XA Y ECG i
AT, RO AR /N LT EAS 2 [ 1) (F A
Z 40 ECG $5d bl 2 9 — e LA . S AN [ e
AR T 75280 BCG Hh 5 #4 RI0 H HB 458 b 14 /N
3, UFIRATR ECG 2[R /)N He P 42 R0 R () S B
P LA 1 PR,

Table 1

=1

BEER TR /IR E

Wavelet base with better effect at various
compression ratios

CR ECG1 ECG2 ECG3 ECG4 ECG5
bior3. 3 bior2. 2 bior2. 2 bior2. 2 bior2. 2
10% db5 db5 db5 db5 db5
bior3. 3 bior3. 3 bior3. 3
bioré. 8 bior6. 8 . bior6. 8 biort. 8
. . bior4. 4 rbiol. 3 bior4. 4
15% rbiol. 3 biord. 4 . . .
tbio2. 4 rbiod. 4 rbiol. 3 rbio2. 4 rbio2. 4
) ) rbio4. 4 rbiod. 4
sym6 rb}llzz 4 rbio4. 4 sym6
20% bior5. 5 . haar  sym6 rbiod. 4
bior3. 5 biors. 5 biors. 5 haar
’ bior3. 5 )
coif2 bior3. 5 coif2
25% b%0r2. 2 coif2 b%orZ. 2 bio2. 2 coif2
bior3. 5 bior3.5 . haar
bior3. 5
haar haar
. . bior3. 7
200 b‘;’;f{ blc(foj; coifS  coifS  db7
0 i dbl0  dblo
db7
haar haar haar haar
3506 D037 biord. 4 bor3. 7 o, 4 D087
bior4. 4 svm? bior4. 4 I, rbio4. 4
sym2 Y tbiod. 4
rbiod. 4 igg‘z"j igz;"i rbiod. 4
40% rbio3. 5 L biorl.5 . " _ tbio2. 4
tbio3. 7 rbio3. 5 rbio3. 5 tbio3. 7
) biorl. 5 rbio3. 7 )
s(}l/tr)li db2 s?/trf4 5?1113134 biorl. 3
0 .
4% piorl. 3 33’;24 biorl.3 db9  db9
haar haar haar
sym3  sym3
. . sym3
o, Sym3 . coif5 bior6. 8 .
0% pior. 8 coifs dblo  coifs bg’;f(')g
db10
bio2. 8 biorl. 1 biorl. 1 biorl. 1
55% bior2. 8 bi0r3~ - bior2. 8 bior3. 5 bior3. 5
’ bior3. 5 bior3.7 bior3.7
biorl. 1 biorl. 1 biorl. 1
biorl. 1 ’ bior2. 4 bior2. 4
o . .
0% pior2. 4 Eioﬁ'g blor3- 5 o3, 5 bior3. 5
or- bior3. 9 bior3. 9
db3 db3 db3 db3
o, Symo sym6 sym6  symb6
65% coif2 db7 dbd coif2  coif2
db7 db9 db7 db9
biorl. 1 blz:)ls' ! biort. 1 j‘;g
70% db3 db3 db5
db6 db6 db8 db6
db8 db8
bior3. 5 bior3. 5 bior3. 5
75% bior3. 1 bior3. 1 bior3. 5 bi0r3' 9 bior3. 1
bior3. 9 bior3. 9 ’
biorl. 1 bior3. 5 biorl. 1
db2 db2 bior3. 5 biorl. 1
0,
80% db3 db3 db3  bior3. 5 db2
db6 db6 db6
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H R 1 AT LA 2], AN [R] /N 5 o0 84 250 R 1Y
M 23 R4 32 AR AT i A8, 4 CR 7 20% ~
25% , LA K CR K 35% Al 45% F, haar /)N 3 1)
RORTESS ECG 155 1 1Y 35 F4 RICR 5 3k HL B 4r
CR A 40% 5}, rbio /NI FE MR 7E 240 ECG 5
5 Y S A OR AR LL AT T CR 7 50%  ~ 60%
BF, bior /)y I 19 280 R 3 3 L B8 Y CR O
70% ,db /N LA rbio /N FE ) FE A RCRAR LB
U I SEERZE R A, AR Y BECG 15 5 X B 1)
P NP FE AR 2 (TR — R 45 R T, 7EA ]
ECG HRIEA 1/ INpE 36 25 S 90— e R
BRAERT  #A# TRINESEE 240 ECG i
PRI GF. > Fe A Z R AR B /N XTIy 1) E A
R 2= Ak, R i, X — By B ) ECG #E47
408 TR R A R 5 A B 7 45 A B
() 4 2 A TR
3.5 ELImLERITiE

i LRI SIS R 25 A Tk B AR AN
WREBE R R A AL R I — E R . A
K1 5K 2,256 % BT Sk i E k3R 22 F
FIFER S 240 T 4516 . 24 CR /NT 30% i, BP ()
KR A, n] el BP B9, (54 CR KT
30% J& , BP () PRD R 3 Jin, CR 7F 50% 747
i, BP ) PRD ik #] 10% ; CR £ 55% L) P i},
IRLS 7EH IR 22485 LA TS L, (02 FERT
SR BIE R R W, RN HERE R AR o A
TF, LB EFERT, o] LLAE SE (il IRLS 53
CR £ 55% L) L1}, IRLS i PRD P ki, Lk
A G, IR 45 A AN HETE (] IRLS %535 CR
1E70% UL OMP, CoSaMP #1 SP i) PRD #4E
WL, 1R 25 TE B AR P 2 L BRI KK, B
PRD # 10% 7 47. OMP HJ#ERT b CoSaMP Fil SP
FERT B B 5K fECR SM10% B, OMP [t #ERT 2
SP BT 5 f5 2247, J& CoSaMP AETY 2.5 15 45
47376 CR 2N 50% Bf ,OMP [ AERT J& SP #ERT 1Y 4
{5247, & CoSaMP FERT AW A% 22 47 CR M\ 10%
£ 70% ,SP kb CoSaMP it 5 #4 #E A 8 i, HLiR 2%
WA, B LAMESARTE | SP (38 S0 T Ay 7. s
e Rl LI B, A AEE AR RS R T i EA
RO SE AR 38 18 & 0 ol A i S
T L4 5 BRI AR5 8 A RETE T A <M T
N MR 2536, WE (550 A A 56 T EA R
BAEREIL A g e, HOR BT — R MR Y,
FEANIE F T .45 238 2508 B D0 7 40 B R S B
IO FH R T AR TR 4 R B AL 1 22 2 A S B — A~
P2 P A, AR SCR AR DG T TR R S e 3 T

JE 48 5] TR BRI 5.

SV I ECG {55 78 /I Sk b 76 B 3 5
INBEFETE A AE R ECG 15 5 1 4 J8 60 SR K 5144 1)
MR EL. WXt ECGL, /N sR 2R coif5 , 77 fifk
EBCN 5, AR BIE K 2. 227 B, R 46 5 8915 S
AEARAE 00% LA AUfER:. 0 L SC 6 45 S ml LW
5| Xt BECG 155 M T 4R B 5 R Sk i
B, S 0 18 /0N g T [T AR | T 23 PR 45 4 11
AT RS 3 I LAAR METE 8 — A TEAS P 45 T
FAIBECREARAR T (1) /NI i | T e T L 45 B LR 1 TR
AR T ERE.

4 4 i

1) 38 X B R 4 S v AN TRk 2 53 1 B
FAFERT A1 22, 15 B4 48 X 8] T e fEmn
PR B R AL /NS, 24 CR 3R (10% ~
30% ) ,BP fig [F] B PR IE /N 25 (PRD < 4% ) il
FEEAFER ( <0.5s) ;4 CR >30% ,SP AR
U5 EADRCR (PRD < 10% ) , H 5 FER 52
B (<2.28), J LB HAR A R .

2) /NPT T E AR S 5 RS R A
5, AR 4 25 X 0L R A5 /N B AN T 11
JIT AAEAN ) 254 T 328 FH ) — i/ N ST Rk 2
PR R e 1.

F T B — /N R DA AN ) 25 R Y
K, BT LR — 25 i ST M B B T R Y
ECG %4l , i i 2= 2 N 2R 1) 7 42 % ECG 5 %
PR B L (A B DT e 4 R R A 1) T
AR, B A R R4 R T () AR 25 TN

SE Lk :

(1] BRfRfl, midas, X004, 4. (i L 8 iz i 2017 ) 4
5 [7]. P EER R ,2018,33(1) .1 8.

(Chen Wei-wei, Gao Run-lin, Liu Li-sheng, et al. Chinese
cardiovascular disease report 2017 [J]. Chinese Circulation
Journal 2018 ,33(1) :1 -8.)

[2] Pooyan M, Taheri A, Moazami-Goudarzi M, et al. Wavelet
compression of ECG signals using SPIHT algorithm [ J].
International Journal of Signal Processing ,2004,1(3):219
-225.

(3] JEfE, sRER. FE T 4 B 1Y S 0 B A5 5 s 4 030 1
(1) HAMNL TR S BET,2014,35(10) 13450 — 3454 ,3479.
(Qu Xin-chao, Zhang Yue. Real-time ECG compression
algorithm based on compressed sensing [ J]. Computer
Engineering and Design 2014 ,35(10) ;3450 —3454 ,3479. )

[4] Mishra A, Thakkar F,Modi C,et al. Comparative analysis of
wavelet basis functions for ECG signal compression through
compressive sensing [ J]. International Journal of Computer
Science and Telecommunications 2012 ,3(4) ;23 -31.

(F#% 1098 W)



