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Keywords :

This work introduces techniques experienced for the electrocardiogram(ECG) visual analysis, able
to characterize the major parameters and events with clinical relevance for heart failure management
and cardiovascular risk assessment. In particular, it includes approaches for ECG data visual
processing such as the variable charts, graphs base on the complex MIT-BIH ECG database. Through
the experienced this works of ECG database visualization, so many researcher more easily access the
complex ECG database and can intuitionally understand the meanings via a variable ECG visualized

data.

Eletrocardiogram, Data Visualization, Ubuntu Linux, Physionet MIT-BIH

T

1. A&

% Corresponding Author :

Kwangman Ko Htole U-health =X E-health S0

Received : February 29, 2016 - I —
Revised : April 26, 2016 d ddmd o el Wad b
Accepted : April 28, 2016 oAb AEAH, mEH S A TS A1t
« Jeonbuk National University  Division  of How d#x F UE 97 de AEE
Convergence Technology Engineering o Qrl. Ed mulds Ao 9A#
Tel: +82-63-270-4768, Fax: +82-63-270-4768 ECG A3 2 238 st ANs2 54
email:_kyso@jbnu.ac.kr = o . <
** Sangji University School of Computer and /;}01]‘74]2 X{\%O}o% _{]%E _Hﬁlﬂ %X}Oﬂﬂ] B
Information Engineering = dE 7 oud AP A9 A=
Tel: +82-33-730-0486, Fax: +82-33-730-0480
email: kkman@sangji.ac.kr

* k%

Information Engineering

Tel: +82-33-730-0486, Fax: +82-33-730-0480
email: kkman@sangji.ac.kr

Sangji  University School of Computer and




Ho

98 LIXNIE2HI=sts =

Au7E AAG 2gsa o]

217 E(Eletrocardiogram; ECG)[2]& 41 7o)
FE5E we Auts g4 dAstE ARk
& FHoE 7Eg Aot AFe AFH, &
FAJA FEFE Jus HoA AAWY v F
o o v Holsitl AAELS FE2
AAY A7E FEsteE ddver 2o &
TFEHES o= d5go] Ao A dddA
A = A A/l Aottt wekst HF7}
AATES FotHA AA U AF7E 224
Ha, o] AFRE AlAe mHAAN 75T & 3
A Ho ol VIEdE FAE AHEA
(Electrocardiography)&t 8}, o] 7]5& A%

Bl
Mol EFale wetY AVA ASE 7E
g afzZE  AHEECG Ex EKG
Electro-cardiogram)g} il sl durd o=z 12 &
E(lead) & AHE3 71E ) bA Al A
A Ee] QtZL S F(negarive charge)s, v}z
20 oFH Z(positive charge)?] EZAHZ X
shoh, olgf g EE/dHIE ATe(Na+)ol
ox  olEEdA XA Ho

=
D
(o]
@]
&
5.
N
2
=2
2
©
>
1>i
)
H
©
£
o>
rl
1o

>4

k Ay nft 2

30, v Mz K

dojpA Hrf, AAE Aol 7T
Al 7FA] el FAE T PItE SA nodeE:
3 AelA A" AFo] Awe diE
WA YEhE ggolt P ¢F 0.08%
AN#E o 01% F
=3tk QRS = A GE=FA UEUH,
% oldof AFPH AT =3 QRS IH7}
A Ydeluds A A 2 A% AmAe
ol AQAITFE ¢F 0.008% 9]
. Ty Ao AR = (repolarization) Al ol Y
BUe ok 0162 AR AQHTH AEIFL g2
SHwth 23] 2ol QRS Hrk ZA Eo
A AHFEE By vbA vepdoh 123 Ao
T2 A7)7F A 2 QRSH o 7 A e
]

>

o
fo HU X o rfr o 4 12

>,
T
z

0
E
ol
I
N

Bz A o
B Ay gt
ut
Ox

o 1

RN A VN
o

Atk AR ol d ol FAFE ALAA ek
7] Boks 24A17F o] Ao A A zEe] ECG A A
s B B4 AT S AW, A5

X HM17& M2z (2016. 4)

ﬁd
X
2
>
2
fu
@
>
X
3
ek
0,
e
1o
=3
2
>

o 2L
~ .
d
e R )
% Jo@ o o

)
iy

el
2 =RdAe Sl 2 AAAR R 8%
2 7]od =7} wj$- =& Physionetoll A A &8t
thgek AAANS dolEHo] 29 AhE BT
st dAE B2 A7AE st &85
ol & ¢stsly] flell, ECG dlolH
SHoR dojguoels Hx A #A-
o Feuys avfdt 53,

Y= AFE TS AT £ de AA Al vk

1 1

of ol

= g
o
i

rg o
g
=
1o
P
AC)
oX
il
b
-

ki
>
oo b
o
il
N
o
(e -
jin)
N

|

iz
2 N Hoof
wﬁrJAQ
2o
e oo ox

ol
Fofd ArZEGojel HAR FH
1 ECG dHlo|H25E thYst aAktESe o
2 AAsle AL AaNA R BRHs] &
b}, wix|Rto 2 A4Fel A A2y &FF A7
Foll ojsl] 7] gt}

A

2
>

ut

Lo do N O

T = e

Ol ol

0;

2. Physionet

2.1 PhysioBank
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<# 1> PhysioBank Hlo]EH|o] 2> FF

PhysioBank Database
Multi-Parameter Databases
ECG Databases
Interbeat(RR) Interval Databases
Other Cardiovascular Databases
Gait and Balance Databases
Neuroelectric and Myoelectric Databases

Image Databases
Synthetic Data

<Table 1> PhysioBank Database

PhysioBank ECG dlo]EHo]~= [ 2]3 %
o] A&stet] ATt hom AA7A 7 A
A& o2 MIT-BIH Arrhythmia Databaset] &
Ha 2 280l 7HEHh

<3 2> MIT-BIH ECG H|o]EJH| o] 2

MIT-BIH ECG Database

Arrhythmia Database

Noise Stress Test Database

Atrial Fibrillation Database

ECG Compression Test Database

Long-Term Database

Malignant Ventricular Arrhythmia Database

Normal Sinus Rhythm Database

ST Change Database

Supraventricular Arrhythmia Database

<Table 2> MIT-BIH ECG Database
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2.2 PhysioToolkit
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3.1 WFDB &ZE4djo] & WAVE 4X

MIT-BIH ECG AAAZ  do] o] 2[10]
WES AlZsstr] fs8 Ao glEoA



-WFDBE GCC$¢ curl, expat ¥ 7]
2 a7 7 sz vzt
2] AAA #AHA fgom HE&3

BuURE-
rot
<
N

-Fedora, Red Hat, CentOS %
IR H52 wjxse] A9
#yum -y install gcc curl-devel
expat—devel
-Debian, Ubuntu, Mint % = ¢ Debian
71Nk %2 wjEge] AR
#apt-get -y install gcc
libcurld-openssl-dev libexpatl-dev

e HFE Ea d%s vEne] FF
SAd wel AXEAE FAEE gssA HH
WFDBE tlg=2tétu AX3A4e a3},

WAVEE 32HE Al ~"oAut A}8-3 & 9l
o BHE G4HE AlAFlOlAM ARESH7] fleiA =
dre] AXAge AHok vl WAVEE AHS
a7 el e GUI Alz=elo] dgslth, WAVE
A= WFDB &z Eg o] #7]#] A o] Fd
&3t WAVEE  7|EFoz  AA Aol
Fedoras 7|0 % Hojglorma 1 HRJ RPM

7Rk 2w vl xRS A4eE usd 22 34A
S B8 kg How A 5

WAVE A X]: # /install-wave32

Debian, Ubuntu, Mint % vro] Debian 7|
el 2w v E R 7é7°~—t~ AAA] v 2
= W= Aol dasith
[HA1I4HE WS AAT § 32HE WA
o w AAgTh
#apt-get remove —purge
libcurl4-openssl-dev
#apt—-get autoremove

[FA2] S AHA A 1386 F7}
#dpkg —add-architecture 1386

[G713] WAVE A2 % Ha3A a3 7]
A& AA T
#apt—get install xview—clients:1386
xviewg:1386 xviewg-dev:i386 xbitmaps
#apt—get install libcurl4-openssl-dev:i386
build-essential gcc—multilib
#apt-get install xfonts—100dpi xfonts—75dpi
[&H7] 4] WAVEE 4% & A3
#/install-wave - q
#reboot

3.2 ECG A3 A Z3t
MIT-BIH ECG A A3 do] g u] o]~ 25 ¥
182 HolHE ¢lojEo] 6714 AZEYoT &
oA WAVE, pschart, psfd AXZE g o]
8l A Zhal Ads W ys
WAVEE 33 34 2 2845 & +
Fol2A X11 AWl & AofxHeE BE i
Zyolo thalA WFDB #HIZE=E XA sh=H|
AR B Yol e dE doly da=E
AAEd F¥S A7 Y3 Sz (1
] £ %3 MIT-BIH
A (29 2)9

rir

32

xians

(¥ 1) MIT-BIH ECG th&2E= W&o 4

rootserver:<4 uget - -np http: | [physionet. org phystobank [database/mitdb/
(Figure 1) Example of MIT-BIH ECG Data
Download Instruction

(1% 2) MIT-BIH ECG HI°|E 2= A3}

root@server: /usr/local/database

root@server: /usr/local /database# s
106.hea 114.dat 122.atr 203.hea 213.dat 222.atr 233.hea
107.atr 114.hea 122.dat 205.atr 213.hea 222.dat 234.atr
107.dat 115.atr 122.hea 205.dat 214.atr 222.hea
107.hea 115.dat 123.atr 285.hea 214.dat 223.atr
108.atr 115.hea 123.dat 207.atr 214.hea 223.dat

a 108.dat 116.atr 123.hea 207.dat 215.atr 223.hea ahaxlist
108.hea 116.dat 124.atr 207.hea 215.dat 228.atr backup
169.atr 116.hea 124.dat 208.atr 215.hea 228.dat culist
109.dat 117.atr 124.hea 208.dat 217.atr 228.hea dbcal
109.hea 117.dat 200.atr 208.hea 217.dat 230.atr dblist
111.atr 117.hea 200.dat 209.atr 217.hea 230.dat esclist
111.dat 118.atr 200.hea 209.dat 219.atr 230.hea index.html
111.hea 118.dat 201.atr 209.hea 219.dat 231.atr local.css
112.atr 118.hea 201.dat 21@.atr 219.hea 231.dat mitlist
112.dat 119.atr 201.hea 210.dat 220.atr 231.hea mitxlist

112.hea 119.dat 202.atr 210.hea 220.dat 232.atr
113.atr 119.hea 202.dat 212.atr 220.hea 232.dat

a 113.dat 121.atr 202.hea 212.dat 221.atr 232.hea
113.hea 121. dat 203.atr 212.hea 221.dat 233.atr
114.atr 121 203.dat 213.atr 221.hea 233.dat

root@server: /usr/lxal/database# 1

(Figure 2) Result of MIT-BIH ECG Data

WFDB H%z AXA AFoz AA"E A=
(/usr/local/database)dll €& dHolHZ A3
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wave -1 record[+record...][options...] ¥ o]
F2o 2 MIT-BIH ECG 100¥ #z=% &4
7] 98l #wave -r 100 & WH S APA 7
H}= (2" )Y 2

=~

mﬁ, _O,L oft ok

(¥ 3) MIT-BIH ECG H|°|E] WAVE Az}

Record 100
File -) View...) Edit:) Properties -
Quit)

<Search) <<) <) Fnd..) >) >») Search> Help

.,ﬁALNJLwWILA«LAL» = AL«LM-JL/ JJLI MJLM,LAJL
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(Figure 3) Result of MIT-BIH ECG Data

WAVE
pschart® WFDB #lzZ =] tj3 149 ¥
2E A~AYHE ¥ HdS s AZE

doj=zA A HolHE AW wx g
Physiobank®] Hlo|HE ZH 7[A49 &8sz
&2 = ¢lo] pschart [ [ options ... ] script ...
] W& olE A& o] HAHoA] pscharts &
A8k PlmZ=9l A 7S script Fdoll o sFo
of 3, AAZE 100 HIZE=E 0x5FH 10x7}
A9 &S E¥s5t7] AF scriptd W& (2
et gom ~AHE 3 A oA,
# pschart —a atr -¢ " -C -E -G -CG 1 5
5 -Cs000-H-1-P 300x250 -m 20 20 55
-M n0-S42-t25-T" -v 10 -w 05
script > pschartps WHAE AFEsld LAEX
Bge MM 4 glon =HS
pschartps® A AsPorz (¥ 59 &
pschart.ps 3t o] AA] €}

aJ9E

(¥ 4) pschartE 9§ ~IHE 474

ubuntu@server: ~
mitdb/160 0-10

(Figure 4) Configuration of script for pschart

(Z1¥ 5) MIT-BIH ECG Dataol] tg
pschart 2 7}

P
}4 S5 SR au g % L#«],‘ﬂ L

(Figure 5) pschart Result of MIT-BIH ECG
Data

psfdE pscharte} PFR7EA 2 AH o] Q&
HolB & te2=38% 23 PhysioBanke d
olEH1E AH 7t <A psfd [ [ options .. |
script ... 1| 402 PHAE A&, £4F
A= A S script 3Y (29 6)3 o] A
k=

(L¥ 6) psdfE 1% ~3HE HH

@6 ubuntu@server: ~
nitdb/100 0-10

(Figure 6) Configuration of script for psdf

AA 2 #psfd —a atr ¢ " -C -E -G -Cs 0
00 -H -1 -P 300x250 -m 20 2055 -M -n 0
-S 22 -t13 -T " -v 10 -w 05 script >
psfdpsE &3 (28 7 2L psfdps FdS
g gk,

(1% 7) MIT-BIH ECG Dataoll tg
psdf 23}

) psdf Result of MIT-BIH ECG Data

(Figure 7
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=o]7] €3] Physionetoll A& 21749 thokst A
ANEE dHolHMol 22 FF3sle] @& ATa
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2 =rdAe ad 2 dAARc R d8E
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ot AAAE dHolHMo] 2o Ao B
st AAE B A7 Joske &85
uj - o]y & FEE ¢skatr] 9138, ECG tlolH
Wol2E FTASRE dHolguol~ Hx H #H
AZE 7|Fe & dig AFA

=
4
ol
Hl
=
1o
btz
rlo
g
A1
[o3

Qe = ogle AA Aol W A2 B3

W A Aeye wolm APFeF Fol
=) slejshang g,

FFol= old @ ECG HeolHel AZaE 1
dolel EAE BAN AFs] AW} B
S deleE Helsm BH AWL ALY &
Qe BAL T5T Aotk

References

[1] J. Henriques, T. Rocha, S. Paredes, R. Cabiddu, D.
Mendes, R. Couceiro, P. Carvalho, “ECG analysis to
ol for heart failure management and cardiovascular
risk assessment,” Int'l Conf. Health Informatics and
Medical Systems(HIMS2015), pp.195-200, July 201
5.

[2] Electrocardiography, http://https://en.wikipedia.org/
wiki/Electrocardiography

[3] Welcome to ECGpedia, http://http://en.ecgpedia.org/
wiki/Main_Page

[4] A. Jonathan Garza, B. Sishir Subedi, C. Yuntian Zhan
g and D. Hong Lin, “A Web-Based System for EEG
Data Visualization and Analysis,” Int'l Conf. Health

Bl=&t3 ==X M172 M25 (2016. 4)

Informatics and Medical Systems(HIMS2015), pp.11
9-124, July 2015.

[5] Andrew V. Poliakov, Evan Albright, Kevin P. Hinsha
w, David P. Corina, George Ojemann, Richard F. Ma
rtin, James F. Brinkley. “Server-based Approach to
Web Visualization of Integrated Three—dimensional
Brain Imaging Data,” Journal of the American Medi
cal Informatics Association, Vol. 12, No. 2, pp.140-1
51, Mar 2005.

[6] Lourenco, A., Placido da Silva, H., Carreiras, C., Prisc
ila Alves, A., L. N. Fred, A. “A web-based platform
for biosignal visualization and annotation,” Multime
dia Tools and Applications, Vol. 70, No. 1, pp.433-46
0, May 2014.

[7] Physionet, http://www.physionet.org
[8] Physiobank, http://www.physionet.org/physiobank
[9] PhysioToolkit, http://www.physionet.org/physiotool

[10] MIT-BIH ECG Database,

2007 84 ¢ dddistul gt
(44
2016E 19 dA @ AR §
=)

71433 AL )

o
20163 ~8 A AR §FE T Al

A

Bl oF 1 A KB 1B % (Information Protection), £~ZE
o33, AEEL duv]=A] ="



HEA T 0 QUT(2003, &57), UQAM(2008, 7ivtch),
UC Irvine(2010, m]=t)

#AEoF : Energy-aware Compiler Technology,

=)

Mobile Cloud Computing




