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Performance Evaluation of Wavelet-based ECG Compression Algorithms
over CDMA Networks
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Abstract — The mobile tele-cardiology system is the new research area that support an ubiquitous health care based on
mobile telecommunication networks. Although there are many researches presenting the modeling concepts of a
GSM-based mobile telemedical system, practical application needs to be considered both compression performance and
error corruption in the mobile environment. This paper evaluates three wavelet ECG compression algorithms over CDMA
networks. The three selected methods are Rajoub using EPE thresholding, Embedded Zerotree Wavelet(EZW) and
Wavelet transform Higher Order Statistics Coding(WHOSC) with linear prediction. All methodologies protected more
significant information using Forward Error Correction coding and measured not only compression performance in
noise—free but also error robustness and delay profile in CDMA environment. In addition, from the field test we analyzed
the PRD for movement speed and the features of CDMA 1X. The test results show that Rajoub has low robustness over
high error attack and EZW contributes to more efficient exploitation in variable bandwidth and high error. WHOSC has
high robustness in overall BER but loses performance about particular abnormal ECG.

Key Words : CDMA Network, Wavelet Compression, Rajoub’s Algorithm, EZW, WHOSC

.M B2 %2 gFdoct. £ AF FHo] ofd AF FHoA
ECG 4% < 33€¥ S AdddMg 43 AT ¥ ohy

o] %3 tele-cardiology Al28& F&£35] BAHg D Y= o g ool tid dHoly &£4& EF ok doh
% BN UEY I Lo AYHE F A X Fofel ECG 9% <¢ngFL AU Hf =ode oi@d g
T AEY £ o]JFAL AA UMY FEo) sisty] Wel YA FA BAAME ATRH Fug ¥l £F
gl 2FHH FHlFAH2 €2 ANE AT oA Ho U thEld =(multi-resolution)d] EA4E 7tz dlolB
Esﬂv(ambulatory) EE 343 ECGY d2d £ A ¥ viEe] M aRHooH4IB9L ALE $Ee w
F A2=gHg 22 g2 HAHA oEF A A AL E A5 A7t AFskAe 310144 hFe] oy KL ®
A olF BA UELIE FPNA AALsT 9l TDMA @& 3 ¢Fo] AsasAw Fdo] Easic wtde]  ¢o
w2 9] Global Special Mobile(GSM)#} B2, o}AJotol| Al AF  EHIE o83 452 WHEd HolE/ AFm dIgyiy 1
$3te Code Division Multiple Access(CDMA 1X)E 7&¥ F3 dgoz Aud Hed ECG A5 F9 H49 dd
o AT YoM GSM 7149 tele-cardiology A1=® © o iRESY dquAs AFHY Joemz geE FHIA
zQlel] gk e A7 APH gol1-4, 10]. o ]AEL  (thresholding) 71& oyt %=} 3H(quantization) 7147 2%at
A& A ECG AEE &5 #lo) APAez HAF4AY o 1001 o4 ¢EES I95 & 5 Aok =3 23452 A
[1-3] GSM oMo} H2EWES T&H3 5 4a2dFY  gd A$L 98 resolution scalable transmission® SNR

%} % & (Compression Ratio : CR)Z & Y& (Percent of Root~  scalability S #| Z&t}.

rf

—

L

mean-square Difference : PRD)S °]43% & A% £44 B =RdAe 7€ ¢udF 2444 st 24
Z3E #FT JAd4](10]. AT FF FFE dAFAN Mg Aes AT YSE, oY ANEHN, WSHAEES
Hejojtjo] wlolg - #xd AANE, HYL & 2T & 53 7)F o]y swte ¢ LmaZE Fo)A CDMA ¥

EY - E& 1249 ECGE 2u7] S84 ECG A5 & 7 wslel gg #39 ¢ ¢nEe A%AAt 459

7He WA MIT dlelge) A4, v]A3A4 ECG A3 & tde

« JF & B @ itk BETEHE mHtHig 2 @ 3H(short term interval)®} F T3t (long term

t o mAAR, EQE:EHAS WETERE R - REEL - mtervan,mow 4% med Z2AA gdole BAAR
T .

’ " i, 9o & (random noise)22# 93 #-S(burst noise)tH

i & ABAIA hol d# $AUYL Bakel el 8o

E-mail : sunkyoo@yumc.yonsei.ac.kr A 7’{}9‘2‘% 9 4=5d Aede Ao W@ 7 dufyF

BEZHT : 20044 65 9H 9] AL FrrstEh =3 2oAgARet A4 CDAM

BMSET 20049 84 2H o F AT gt A Sxo I FEFEHHE F3)

CDOMA HEH3olA2| ECG & ¢2|&F2 45 Wt 663



WRBWUMIE 5304 94 20044 9A
FA A @3 AGE LIS A5 2.

2.

N

gtmalFe

sy

2.1 24of A2 22| Fo MY

fdeolB8 71W ECG &5 ¢RAFEL ¥y gojrng
Asg Agstes B2l Iﬂr\’—} 1F ¥ 542 439 499
7t 284 @8t & A% A FE Az

wE ¢ 93 ECG ?}‘3‘.— dug 5o B4 gt M2
oz golBg W\ ¥ ¢S ojd Yoz HEseA
o wet 2A IR EF & £ deH, A A= Rajoub
qduE [6]e2 dEAE Hez, duie Ad B¥d
wel dAE EHAE ZE wavelet ¥ AT g2Hoz
435l FEAE I ATUNE Aoz Afss w4y
olt} [6H7N13][14]). F WAL AZHo=z 22H (hierachi-
cally decomposed) $lolB 3 W =9 A7 FAMA (self-
similarity) £4& o] &3l AHAZREE A Z7A wE
Hoz EHXE H4L3lo vEE ¥Iss Wiez EZW
(Embedded Zero tree Wavelet) 2H[81[9]1% SPHIT(Set
Partitioning in Hierarchical Tree) ¥[15]¢] Ut} Al 8l
£ ECG A3 dig deo)lEd HEeA Eglo Hag 54
F8 994 UMY AEse ¢F 8L FY A= W
Wog (OZWC (Optimal Zonal Wavelet-based Compres-
sion)[10]9} WHOSC (Wavelets and High Order Statistics
Compression)¥ #[11]e] d7}d &3} getra & AT A
= A e 5AF-A gelxg syt ECG ¢4 we=
Rajoub, EZW, WHOSCE A €3t}

S
s

|

i

2.2. Rajoub’s 2112l &

o] ¢meEL Aw ¢olryl Wi odux BH EA
(energy invariance property)& Abg3le] QYA X o)A 2
Asle YFE FH43 @oh. 29 1(a)= Rajoub’s &g
F9 BF tdoload s BRI Hx HAAE AAAN F
4 3} (centering) ¥+ A 7 3 (normalization)E T3 FEASF
(significant coefficients)®} F& ZAAIY. 2 ¥ do|B¥Y

]A: o3

TELS UWHATLoZ AE="n HA AU Z ol
of X% o]z wL(EPE : Energy Packet Efficiency)2
2435t AAXSE Ay @l ol HA Fo FAA
FEATE A9 dx9 Foxg B¥d: @ 2H} FL
A 22 3G YL, AAE FE AFY AXNE 1,
HHFE A 49X 022 & o 16HEE ALE3ld
run-length ?lf’-%‘g ALEEtY &Y Fake 4 REAS
o F BT ME, A5E GHERZ FHSAE 2L vE
a2 *3"33\}‘3}. oL & AHES 5T 4 d1, dA
A gkl digk A 2A-e] sMEdty] WEe Y °J=r 4

S 859 4 ook X9 9o oigt ARt o 93
49 A% N3 BYo & 9L 7A7] 9ol FHAG
AME A I /1A K3 (protection)”t FFH ot}

EZW 2128)F2 WY 133 embedded coding)E $3h
o g3l FHANA A& } %2}3} (successive approxi-
mation quantization)g A3tk 238 1(b)9 Zel HA o
A MEE Z7] dAAA dis FAI  SCsignificant
coefficient)®} IZ(isolated zero), ZR(zero-tree root)}2 ZAA 3%

. B EZ(sublist)ol = POS(positive), NEG(negative) 2
S B3 77 avig AEg g B3Vl e 7] o
AX g}t dAstE AFE ALESe % ﬁaﬂ £ 9 (progressive
reconstruction)S #gr} oA PIE HF x| A
@23 WHE 4 E PP EH scalablhtyQ} priority %<3
7t 7Vttt AL 7HA £33 Rajoubo] HolE A7

wE& B89 W3yt & el EZWE dlojg Ao dis)
45 59 d3rt 2A 4o AT =2 AFES AT
A& 5 3l (arithmetic coding)= o3 %A oz Ag

(propagation)e] A%t Z2alx 13 wEo] &g
€9 & 29 ¥3E YoAMN g udSyy g
459 vA 2"Ho] Brbssl

=g

e

2.4. WHOSC 2ual%E

I8 1)} Z°] WHOSCE A3
7 3z} F A% high order statistics :

o Z(linear prediction)
HOS)dl 712& ECG

Input, Centering Wavelet Fe%er;';?il::t/s Thg:::slg':g Make"?:;:)n;hcant Significant Add Output
(a) ".Normaflzatlon 1 T(r:ir;srio‘r‘r)n ™ Compute Energy Packet g Run-length > Cog;f;ru‘ents ™ Header )
: energy Efficiency(EPE) encoding 9
Input| Wavelet Scanning Decesion Decresing Output
Decesion POS. NEG threshold = Arithm etic Add
(b) T(r:.r;i;o‘:r)n B threshf:lrd J ™ sc. ic, zR [ of SC > To/2 and » Encoding > Header )
fors- ° in the sublist Iteration
1 i RR interval / “E . WT Coeff.reordering Linear Computing o
nput Beat Amplitude ! applied to / Thresholding Prediction Period /| | Add utput
(c) Detection Normalization | : each PAN based on of Scale Header
(PAN beat) i beat(bior4.4) Kurtosis Sig.Coeff. ditference
I preprocessing

ad 1.2 gduelFe 85 chojoiad (a) Rajoub, (b) EZW, (¢} WHOSC

Fig 1. Block diagram of each algorithm

(@) Rajoub, (b) EZW, (¢} WHOSC



gt&dyoltt Hx R H3¥o2RE o R H7AE 1 4]
E(beat)2 A3} gradient based methodE AH&3le RR
F712 AARYG 4 39 FE 512 AEEZ AFsin
NE A A3zt doz A s PAN(period amplitude
normalization) H|EE& A3l Hxe] PAN HEE ¢F
o) AFH o]FREHE Fr AF9 Ao| #vt MEFT
th. 28z delEd AFEL I Holoy FEAX
(kurtosis)®} 274 g(adjusting factor)2 H3F gz AR
3 ok o)A T3 7] YolBHA AFge HY ql%% 5
g d= ot A4 Fr)e AFY Hypse x| H
E9 7 " E Ale]ld] & A (correlation)S 7}"]7]7] o &
o & 4FES 458 + AUt (11leM = 2048709 ECG
HolE & 85 g A4, daZde] s FAHFAA G
e AdE Hasay] 98 449 vES 24E duig A
3o 2N A&£HA Mula AFd FHE FHAY. g
Zo Hee YdAsoz Audd FRAFY HAE A
o8] BAHY FEAFTY $X AR 9A 27 AA AR
2 oj&3ta] x}o] Y(difference map of coeff. location)&
7tA o2 gl

3. 45 "I wy
A g 371 ¢F ¢ EF S MIT-BIH arrhythmia o]

EHo]A st g AE3ld HAE dQd[i6]. & HelHEL
360Hz AEH HI 10Z2EMA 1I¥E HA4=E 7Y F
dg =2A0A BAs7] g8 EE gduEFe dolg =7
= WHOSC2| PAN beat 2 Z°]|Ql 512 AEZ=2 XA H )
7]’1-4 Y FL 2048 dlojy =7 o8 AL Eo] 58%
of A4 Adg FAANY AT 512 4F AV #&
UFEANA EQEe] 23 vud AgGE 14229 AF A
AL 7MH . HAE A3FE biorthogonal-spline $lo]2 8 g
El(biord )& Al-&3te 6z U

31. 2% 45 &4

@:M“W/‘P’MMNMWW
@Agﬁwmu,ﬁwwmﬂ
<=>=JMWMMUL—MM

Ao

T

i .‘
2
9
L 1 - — — 1
=0 o o ] ] E]
T T T T
-
©* M
2k { i
- L. L i
S0 o =00

Narberdf saxples

a8 2 %2 372t H2Eo AMRE abnormal ECG data
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Table 2. Performance of the Rajoub, EZW and WHOSC
algorithms for different abnormal ECG records
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BCG algorithms | - p joub EZW | WHOSC
mit100 173 14 21
mitl07 268 2.17 235
mit203 376 293 52
mit208 244 234 268
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118600 334 182 362
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Table 3. Processing delay

Algorithms Encg)djng Dec?ding P%tgc%ign D@ D+2+®
Rajoub 20ms 14ms 745ms |[34ms| 779ms
EZwW 9ms 7ms 336ms |[16ms| 352ms
WHOSC 13ms 13ms 512ms |26ms| 538ms
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Table 4. delay profile for mobile speed

Mobile
speed 0 20 40 60 80 100 120
(km/h)
Min 906 | 753 6.8 75 697 | 604 | 591
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Max 128 | 128 112361236 123 | 123 | 123
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