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Abstract — In this paper, we proposed an IJADE(Improved joint approximate diagonalisation of eigenmatrices) which use

high order statistics instead of second order statistics for data whitening. For simulation, we artificially construct signals

mixed with two ECG signals, 60Hz power line interference and 16Hz sine signal and then put them into a JADE and an

IJADE. To evaluate the performance of separated ECG signal in each algorithm, we have adopted
and euclidean distance. As a results, IJADE showed the

kurtosis, standard deviation ratio, correlation coefficient

indices such as

improved performances as Kkurtosis of 2%, standard deviation ratio of 0.2194, and Euclidean distance of 0.07 except

correlation coefficient showing similar value. In conclusion, the proposed IJADE showed a good performance in separating

ECG and a possibilities in applying to the various biological signal.
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Fig. 1. Signals used for simulation

{a : ECG channel |, b : ECG channelll, ¢ : 60
Hz power line interference, d: 16Hz sine wave)
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Fig. 2. The results of separation used by IJADE
(a. The separated discretional ECG channel 1 by JADE,
b. The separated discretional ECG channel 2 by JADE,
¢. The separated discretional ECG channel 3 by JADE,
d. The separated 16Hz sine wave by JADE,
e. The separated 60Hz power line interference by JADE)

HAY AL ANEY kurtosisE ¥mE} B, QA F] e
99.4%0°]4 H-A =t}

a8y Bgd8 AAEY kurtosisE M EIFYLS A9,
JADEE Z3l4 2d3 HAE9 kurtosis7} 3.84702 ¥4
3 AAxo disiAd oF 834% BY=HAY I[JADER £3d
AHEol kurtosist 393072 LAE AAE A <o
85.3%9 Hdo] Huh AYA ST Ads 255 JADEY
IJADEZ &3239 kurtosisE Bl®¥ 7% ANz HAH8
A Bgo] HAJXT AAxe A9 AYFAS A3y HHA
A3 vHA kurtosisge] @Stk v F gneEe
FaAM B AdE kurtosisE HIZF A4 IJADE7}
JADEd| wlaiA ¢ 2% A%o) T4 Syt

x 1. o el Belf MEFE 72| kurtosis Hi
Table 1. Comparison of kurtosis between original
signals and separated signals

202E Kurtosis
AlS s JADE UADE
=X 4.6096 3.8470 3.9307
Hl -1.5012 -1.4944 -1.4918
HAFS -1.4842 -1.4841 -1.4815
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b. JADER =22i8 el ANME Y 2
c. JADEZ #2|8 lole] MAE i 3
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e. IJADEER Z2(8 EHSUE )

Fig. 3. The results of separation used by IJADE
(a. The separated discretional ECG channe! 1 by IJADE,
b. The separated discretional ECG channel 2 by IJADE,
¢. The separated discretional ECG channel 3 by IJADE,
d. The separated 16Hz sine wave by IJADE,
e. The separated 60Hz power line interference by IJADE)

T 2. 2olE MME NS EEHA ojg v
Table 2. The comparison of standard deviation ratio of
separated ECG

EZBXHIE
JADE ' 1.2184
WADE 1.0035

¥ 2% JADES IJADEE T34 #£28 43x=9 ZFH
2 vl&9 ¥ ZE Jeld FHo|u JADEE S53A £ A
AxY FFUR vl &L 121840] 1 [JADEE §34A B
A& EEHA vlL L 100350180t JADEE F3A £
# AAEE HH&L 121842 7o s o 20%3
% 3A Jvelgc 22U [JADEE S3A 2alg 43
EZUA v &2 1003524 7ZIEd disA 03%9 Aols
yeldicl, FFAFug9 o] 1.00000] H9E 4 A5} &
gE AzE e AFYS 7IXE Aol22 [JADEE F3lA]
BEE AAXY AYP&A] A Qe AL HAFH B
g HAZ AFe He9 FAAHES vlusr] A 23
BAA-E Feged, 2 AF47 F 39 Ve Y



E 3 ZglE AMEZ MEof AMTAASF b
Table 3. The comparison of correlation coefficient of
separated ECG

AN
" JADE 0.995
WADE 0.996

¥ 3904 B 4 gl5o] [JADES SaA 298 AAxe]
ABBAASE 09%°|QA1 JADEE S84 248 Ads
£ 09%50lAch Zzte) dneE L BN 2eE AAEY
ABBAAF Fol 19 7A7e Rez Jeygd o 238
%34 JADEE Z8M 2@ Adxe [JADES SaA
2E @ AAEE dAEs detoz A fAEtE AL
4 & AUt oS E 4= w2 A @ 299 A
Az §2E= A JFRL vTe Aok,

B 4, B22lE AMANE MFeo REB2E Hel HA
A1l

Table 4. The comparison of Euclidean distance of
separated ECG

okl

R2dE& Ha B2x
JADE 0.8806
UADE 0.8117

® 4t #E29= A" JTEUE 24Eh JADEE 3
A 2 AdEe #2E= A IR 08306010
IJADEZ %34 288 AAEY #3H= A2 JTa2
081170 Ak, F 359 #ZA= Ag HFFge Aole <%
0073x=2 IJADEE Z23e 357t 45 Aolrt
HAA dge RS € F AR F, FAAA dF AR
AFste FadAAFSE tt2A FAEI 27 g A
RE BF AFdE fEH= A9 HI@gs vEds By
AME Add dndFL T4 29d H4Hd=E7 71E9
2ngFE THAM 298 AA=RGE Y45 o A
zdHE RS & F Utk o2 4% AE vnE FIHA
IJADEE &8¢ H4d%=7t JADEE F3A4 £20¢ ddxn
o dAisd 71 BdEtE e ¢ F AT

3.3 B

£ dFdAe BSS 7199 3l JADEY AsS AA
37] fg ez J]E9] JADES 3oy TAMA A
23l 23 FAEE of&F WA 11X FANE A8
IJADEE A #Asle] JADE®] ©74d¢ sub-Gaussian ¥ X &
e Nz B 4%E AR stgen, olg 44
T Az BE AEYHAHE TIHM AT F4E FUddA
th. A% FAS vludtr] A kurtosis, EFHAY]E,
ABBAAT D FEE= A HT%S vy d3 NE
Golde =34 4AE IJADEY NZ &g A%, 53] 4

JADEZ 2| F 2l Mol ek A3
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