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Abstract

Data stream is a special kind of computer data that has a distinctive nature
from general type of data. That is, data stream contains data of continuous values
and flow continuously into data sink with high speed. Such nature of data stream need
a special kind of technique and tool to analyze to be able to make a proper use or
decision.  For this research, we interested in those data stream from medical
equipment that provide digital values. Typically, doctor uses a number of different
measurement values to help diagnose the patient depend on the need of each case.
In certain case, a patient may need a number of life-critical equipment to monitor the
symptom, such as a patient in the ICU unit. Those life-critical equipment
measurements are Blood Pressure, Heart Rate, Respiration Rate, Electrocardiogram,
Body Temperature and Oxygen Saturation. These data are of continuous value and
are created every single time unit from a number of different and independent
equipment. This leads to the difficulty in collecting and organizing them for reusing
rather. This is because there is some part of those data that is no use and make the
process of data retrieving inefficient.  This research aims to propose a new
methodology called Empirical Modelling together with the concept of Ontology to
develop computer program that can be an assistive tool for Doctor. This method will
help the monitoring process of multi medical measurements more convenience and
can generate alarm if needed. Doctor can set rules and threshold of each
measurement to be alarm depend upon each particular patient. In addition, doctor
may use this tool to retrieve and replay with the data to find out the fitness of
condition set forth by related equipment that may lead to new knowledge. The
proposed method can also be used as an education tool for medical student to learn

and experience the situation of monitoring ICU patient.
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2.3 nsgua’é‘@ya (Data Stream)

v ¢

% @ v Aa o o v Y] a oA v a
nszuadoya (Data Stream) (5] 1Hudeyafifidfuvestoyaduiusivaniniuseiiios dnd

gy =

anustunsasiuteyagedadunavilideyaiivualveg wazdidnvasiiduanzduiosanin

0}
saa

gnairsduaingunsalansawisuazgenauisniiniseuynlinsiaduardmiunisianaves
sruvudiauuansneiu lulagiudieganssuatoya taun Intemet traffic, Sensor data,
Health monitoring systems, Communication networks, Online transaction Wudu

Elapeed time BE
hh:mm:ss.mom (mmHg)
100,000 128.010
100,010 127.230
+00.020 136.180
100,030 134.740
:00.040 132.210
:00.050 129.770
060 128.440
:00.070 127.630
:00.080 127.280
:00.090 128.330
:00.100 145.140
:00.110 153.1%0
:00.120 154.4%0

cCoocooooooOo0 oD
=
=

sUnm 4 fegenszuadeyavesnnusudeniiaiuduiusiunan
FefunsvhaurieonisUssinanaduteyaviadisfizuuuuiiiunnd1sannisssmanaty
Yoyavinaunineglumissmnudniesainquantivesnszuadeyailiansadaivly
ymheanuslatomn venaniudniseunssuatoyaiileUssananadainldifiesndnfoindy
FefunsUszinananszuatoyaisdnduitesdesildogerngs uenaniduiosiansanfoms
ihieyaiiliigniessenannnszuateyaneunisuszinanatiie g linadwiiaugniesnsemy
AUsEaIn

2.4 deysyrsudw (UVital Sign)

'
a

o IS . . Id a 4 = aada [ F%
ayadw (Vital signs) [6] 1udsinanslinsiugenisidin amisadunauazasranulaain
gunil (Temperature) INas (Pulse) n1su1ela (Respiratory) tagaruauladin (Blood
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Y

Pressure) ?15maﬁﬁiﬁmmﬂmiv‘hmuﬁuaqaﬁ’aasﬁuaqémmaﬁﬁwﬁ’fymﬂ@iaé‘ﬁ%m laun la Yon aues
saudan1siauresssuulnaisuidenuazszuunieladslunzunfdyyiadneiaiinis
Wasuwaslithadnios Welaidygradninunigisazdoslaiunsdunauazaumanivg
stwaiondomnuandiiifiuiridafnauiaunftusienie wu s1n1eenald susendiaulal
dinawe dnsidedon fnmadeanuaugavesi danisinde Sgmlunsiuiesiinie

= a ¢ & v
nypnIsUagULUaIN1915Ul LWusY

2.5 n1suaavioyacwnIw (Data Visualization)

nsuansdeyasnunin (Data Visualization) uwmeadaihauladmiunsdrsadeyauasdu
Mununsuansratoya [7] Aus1veusemlaseaine Auaudd sUwuy wwildy Anuudsusu
wazmudusludoyaunnnhgandeyaludnuasiiiugavesinauiiosediafor msuansie
A (Visualization) e mauansdeyaluguuuuiitiujduiusiunnsstudeanusadielo]
mafiugnnnestoyaostauysniluuresateyaralnuaziinnududeuinn uonanids
annsatheagudeyauazannsalvimnutismadslunsszyuinaiiaulavesyndeya naenau
mfwesdmiumsinneidsimaldinniu miwansdoyadsnindisluie snsduives
uywd (8] anunsallutlagtuisiideyamnauduly siliiAadgymuazarusimelunisuans
foyaiifesannsarelifldnudoyadilateyalinntudefimsfinnsantoya lnsanizegisds
detouagnihmandeyavatounas 91nguam 5 Wunsuanstoyalaensm figniausleeg
William Playfair (1821) Wuauusniifunuiasliidnisfangnn wilsiaussuuuunsuansdoya
fuamnsTin Jauansis 51190980818 ArdssedUnn wazunasesiiasessed 1Ju
sepwan 250 T daudd ae. 1565 89 U ae. 1820 Fanmnsifindananuandfifiuisisnaid
yuniuly 3 919081 Insendenmidfissnmdedfiasnsaiiauedeyaidusiusiulsogisasuu

vl

pr lM;: ’ll/

Wit

v

oy

fea REBRE JpEs™

3Un W 5 William Playfair’s 1821 time-series graph of prices, wages and reigning ruler
over a 250-year period.
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inddevaney ausdnindanuimenazlainnunerenlunisdnauedsnsindludsznu
wianiiduiu Wiliam Playfair Ifuuginiinstuiugruvesaununinaidudulud a.a 1786
n¥sntldfinisusuusmiediauemedaluie desnlasdidu Giacomo Ghidini ua Sajal K.
Das [9] munlusunsuuszgnduuivdmsunisasinmuuulsnevvesdeyausunanisidlng

v a

a7 Wagas Javed [10] l§vhmsdrmavszdninmSeuiisunmsdenldmadiansmdufiuansag
fuiifgatesfuanumarnanevesiatluoynsu M. Greenacre [11] léaunlusinaoauas
insesilolunisiiunisiedeulnlunsfinmainemansifielideyaiiifigeannsausadiuuule
widlnld wag F. Mansmann [12] fugsauide leiaus Screen-filling wmalindnsun1sinsiei
nsswadeyauuulauiinlunanniudelndifestunaisieiizondn Stream-Squeeze uonanil F.
Fischer [13] fugsaAdeldiausssuuiiazfuoruaimelunmsaienimisledinisinge
nszuatoyanuulaundin seunAdl B. Stubbs [14] Audsaideldinaue Sim TwentyFive fifien
favigugasionisnevaussuazlfnudte Wuduuuulsunsudinseungunaianisiausiuiu

drfumsuanstoyanienisunme

2.6 N1TNUNIUISTUNSSN (Literature Review)

Qing Zhang uazae (2010) [15] Wiiauesnuideiios Towards Health Data Stream
Analytics 111U Health Data Stream Analytics (HDSA) daidulusunsudmiuuszananadeya
UssLannszuadeyaildiumaingunsaimensunmdngnidessioduauld el raduayulus
msfadulaudumduasyiliaediauaonfoanndeiu Tnetnausianzisnisiesesiuuy
Anaesthetic Data Analyser (ADA) wnldidsifisnislasnisvuultiunistuasuesnszuatoyauny
nsLUIsuLiieuiuen Threshold uagdldruauayunis Monitoring Lilewduieuidesinisnsaadu

P - %
wumuReulanignssyll

Yongsheng Tan uazae (2004) [16] linaueuddoises A Management Strategy of
Monitor Data in ICU Based on Data Stream Technology u1@uan1sin Data Stream
Technology flfiduniitenauny Relational Database Mlausgidunileysuugnsdniiudoya
fldangunsainsunmdnieluvies IcU dwsuuflatgmsimfvdeyadualdsuuvunis
Fixed time interval AidswaviliiAansiiudeyalinsuniefudeyailivanzauiunusiomis
Faoafuariliunmdifadelseafianainld Inewmuluduves Monitor Data Management
pdnsATsnngfignimuatulasunndiiefinsanmsdaiutoyadidinn



=

Gianfranco  Cellarosi  wazAmg (2005) [17] laUlauea1uideLses Synopsis  for
Microbiological Data Stream Analysis dlauamsuIsAlun1sIATIzideyatitensIadumIy
wansinsvegUnuudeyailiaifisuivluefinvesdeyagdunidniivuislnganniaiesuwduiieglu

o I o gy < - v oA = a a a
sULuwramsugntukasilunszuateyanisnsinnusigaieudaisunstinisiiaiaung lag
lwafinves Euclidean space  Tun1siussuiisulazinausmAuNISUSULAINIS 1IN SU03

v v -

Sliding Windows anndayanisadimiveusulivunziudeyatienisuseuianaluyisiaitiy

Carolyn McGregor wagmniz (2005) [18] inauenuideiios Compression of XML
Physiological Data Streams Support Neonatal Intensive Care Unit Web Services Ulausn1s
Tauszansamnsiudanszuatoyaviinvedenals XML 89 Neonatal Intensive Care Unit
Web Services winuilamuiosandeyaiiufinnunuvesonarsisilinszuadoyadiflvuinlug
vilitinaseUszansnmnsdadeyarinuaiedieiiieludszanana Jawadnsnuitnisdndauuy
XMill ¥inalunsSasaldfnanidlerssuiteuiuisnmsdusanuy Bzip Gzip uag Lzop

Wei Li wavmnz (2007) [19] Winaueau3dades Detecting Change in Data Stream: Using
Sampling Technique tiausnsnsIfunsasuiiamenszuateyadedinnudidnann
ﬁm%’umauaummsilismaé’m%%’am”aiugﬂLLUU"LmJﬁ?uiéjﬁuﬁ sﬁaﬁéﬁ%’ﬂﬁﬁmmé’aﬂﬁﬁm%a’h
DCDSS (Detecting Changes in Data Stream with Sampling) laglginaiinn1s Sampling dieuden
@778 Data Stream SaufunAfiAN15MA1 A-Distance wazAn Threshold filfannnsnsiaaey
auyAsruvnaadaiielidmiunistelunisnsadu

Li-Jen Kao wagasdy (2012) [20] g auenuideiios Association Rules Based Algorithm
for Identifying Outlier Transaction in Data Stream U1l@uan15ANAIRARAUNRA (Outlier) 903N
nsvuadoyalaglinszuiun1sves Association Rules Based lun1sAudsuefnIvesa1inun
9onINNATUIUSEUTBURU Threshold wdvnnnundiA1gendn lneyinn1smaaesiugnteyaann
IBM synthetic data generator kazinUszaNSNIMANNNITINAT Accuracy wag Precision WUl
UszAnSamiliiusnntu

Amit Ahuja azansz (2007) [21] Minauesuideses A Dynamic Attribute-Based Load
Shedding Scheme for Data Stream Management Systems 1@us3sn15IUdd1MsUN1TAANTO
andruvesuens3taviitlisndundedmnuddgiiosoonainnszuadeyaununisdinooniiaunn
foya Insorfervesdiudonvuinasgulumsivuassivvesnonnidniiionsiuisuiiiey
Tnganunsavinnulaiuuisealngd lngeeniuu 2 351AuA Intra-Stream Load Shedding dwsuld
funszuatoyalned uag Inter-Stream Load Shedding dwiuldfiunatenssuadeya 31013
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nageuiufeyassmuamnsadanennstimnlidanudndusenldedigndes dulinudnnegy
anunsnviusesiulavanvatelamu

Xingquan WazAnuy (2008) [22] Ifinausiuidedes Cleansing Noisy Data Streams
ihLauamimﬁ@é@mmsumﬂuﬂizLLaﬁﬁa@,ﬂaLﬁav‘iﬂﬁﬂizLLaﬁﬁaa&aﬁmmgﬂéfmLLaxmmsmﬂﬂﬂ%’
IumuﬁﬂmaLLUUﬁTwaaﬁéfuﬂué’mméa%mdm35LLa%’agaﬁé’qﬁé’mmmwmuag Tagwmul
9ane35u LgF (Local and global filtering) SﬁuiwﬁﬁLfJumimamamiwdwqmufﬁwaq Local tag
Global filtering fissanansnszydeyaiiiananaldiduiuinisenisifanaiauildsiuiuas
AMuHATINTERUYRIANARANAAsarBuauaudlml 91nnsveassiunsruadeyaiildase

WUULSEARAANUIIANNABIEINIITUUY LF way GF egeildudnAty saudsrnanuudugnas
WU TUMINTEAUVRIFIUTUN UG T WU

Yang Hang wazaniz (2010) [23] Moinaussuideises Stream Mining Over Fluctuating
Network Traffic at Variable Data Rates snausnisvaassiiovinisdunnindn Hoeffding
boundHB)  Fadusiaumsadanlddmiunsuendeyaliudlnunly Decision Tree i
auduiusseuszansnimesnisluiises Hoeffding tree algorithm (HTA) ognsls Fawanis
NAABINUIIAT HB Saﬁﬁﬂqﬁu?jaﬁﬂﬁmmgﬂé’fawaq HTA  iaduiuiy wuiisasuiunis
MSIREDUAIINAUNIUTDY Data Rate Wulilinansgnusiod HB Jeunisudlulaeiauszuuuuns
AIUAY Data Rate laen15¥11 Smooth Fluctuation \isin13imiun Upper bound wag Lower
bound ldlumsmuauanusveanszuateyalvieglu HB fimunvilvinisluiisteyariled
B9

Mehmet Sayal waganiz (2005) [24] ldiiauesnuideises Analysis of Numeric Data
Streams at Difference Granularities dniauenszuIunslvidmiunisinsginszuatoyain
Time-series Laz¥iN15Uen Time-Correlation senunsgwinNszLatoyaatesa Seaansaviins
peRduunzTBnuRaANTURSariuld Tasedunissih Summarization uay Transform doya
\Uu Discrete Data Jwiliingson1sman Distance LLazaLmum’maaummgﬁﬁmumﬁuﬁ’wﬁaga
fhogsdeyaildasauuutoadiad danssuaumsdnaniannsniluiyaldlddmiunsingei
Tusguuausineela

Ching-Ming Chao wazaay (2012) [25] I9inaussiuideides Resource-aware Density and
grid based Clustering in Ubiquitous Data Stream iila@uedanaidy RA-DCluster fianunsa
vamvugunsalluludifidedidnvesntroainudazideamdsanuld Tnonsussgnald
N3¥UIUNT Density-based  waz Grid based Clustering  ya1usauiu lannzog1adluga
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Dynamic grid structure maintenance MviwitfinegsaunIangnldaruidinleiuliiowiy
wihgaudAuliszuy lngvinisnegeudukuudiassgunsalluluduuipiesnauiiamesiu
ﬂiBLLﬁ%}agaﬁQﬂa%ﬁﬂmmﬂ UCI Machine Learning Repository FINaaInnIsnaasanuituenain

a0 Ul INAINULALNUIYAIUIINUDY WA T9lNaNSINUSEANSAINANI1 RA-Cluster 7101970
Wusanassunanunsausuwsanielateulvvemsnensitvualaansie

Meurig Beynon waz Will Beynon wiaueauidades A Conception of Computing with
Promise for Medical Education (2012) [26] Ingtiiaus Empirical Modeling dioldifuadesile
FnSUNITINISANYINIAIUAISUNNE %ﬁL‘fJu%wsnmsﬁéfaqmﬁ’ammiﬂy’ﬂﬁm%mmam% uay
frufaumans lunisazveuliduiinisdsundasvedTauinisnesunisunmg Tnsende
WaNN15UBINTTASN Construal wnunsadallsunsupaufinges Jawuusasddnouuuseulal
Ve Construal 1 anwnsaadrsfanssunuudeldfuinGounnmd dnivinns wazdnisde Tunisd
luiidausan fegaty miinsgieastinventouaidoineimann 4 vestasiiatesfu

LHALTUNDUVDIIITITINTOUIA WS 8BE9LS
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UnNil 3 359 uAUN15I9E

3.1 N1599nLLUU (Designing Model)

[
a1 ¥

muATsiljutiumsiaunssuueeufinmesiieiduniosflioatiuayunisdnaulavesunng
dwsunsidedvernisvesiiiensluvies ICU Tnefiansandeyadildangunsaiildinddoya
iaquesihedaiidnuazidunssuateyaiifinnmmainarsdnwae Janisdanisiunseuadeya
mdwfﬁéﬁwL"flué'faﬂ%’l,wﬂiuiagmma%aaﬂaL%mﬁmﬂﬁLLazﬁwmuﬁ’mﬁ’ULwﬂﬁﬂ Empirical
Modelling AU38n15114 Ontology Lﬁaﬂismamaﬁmswﬁuﬁaﬁumgﬂqumaﬁws‘ﬁmmaaﬁwiﬂ
thiauelifuunndnsofiiisadeslilunisfinnsandeyanvarsundsiifidnwazunnrafuls

anunsadlauazdndulalade lnenseunuiAnvesisnisnnuideiiiiausuanslanagunin 6

Model Management

%‘) Short S
- 2 ¥ Term :)ata | Empirical
ata Stream se i
! (3 3 t ioad Modellm;.? for | i oualize D.ata ‘S‘h'ea.lm
Repository e T (myname M lon.
% ! Visualization Interact Output
. & N ] (EMDV)
(PhysioBank) &~ Long Term

Data set

o

sUnm 6 Hanuisnisesulnlaguuuliuimlamemaila Empirical Modelling
dmsumsinsgvinssuateyavestheluries ICU

v
a v (Y

90 g 6 fdupeumsiiiunisingasudail

1. hmafivsaunudmeginseuatoyaaingunsaisie Alddnissuanngureluiies
ICU andmAuiinlif Data Stream Repository Liiain3esunsoudmsuluganismse

V038 (Preprocessing)

2. dmsunszuadeyaiigniinly Data Stream Repository fedrdadudeyafiuiivensas
galaiamnsmhllddanslaviuitadunthiveduganiswieudaya (Preprocessing)
dntdan1susulsenseuadeyalimanzaueldd1nivluluga Model

Management
13



3. enszuateyariunisuuusenanluga Preprocessing uazgnddsionnds Model
Management flazutseen \Juteyaaesuiia Ao Short Term Dataset Wag Long
Term Dataset (foyaasssiiniiazoduirssisazidoaniondsluiionives
Preprocessing) aslulugatidedniulugaiidanuddymagimirilunisulag
namm%’auuaiﬁlﬂumwLLUUlmmﬁﬂT,mEﬂ%’mmﬁ%ﬂaaiuLmaéa (Empirical Modelling for
Dynamic Visualization) &swadndfldannlugaiazgnasdely Ssluga Data Stream

Visualization

4. Wewadwsnlannnisianeinsuatoyadwunddluga Data Stream Visualization
Output  lwgaflazyinisiiansanuasiiongluuunisinauslviuiunmdvseglyou
elvanansmihdeyaasaumeninlulduseneunsdndulaviedsznoumsiliasdy

a1nsveUagladniaudy

3.2. gf@)?’l’a%/a (Dataset)

<

ﬁﬂ%@;ﬂa Multi-parameter Intelligent Monitoring in Intensive Care |l (MIMIC—IIl) [27] vJuam

3

v

ToyafimsuniasisauzlagliGenifudldany davilae PhysioBank Sududeyadimiunisinide
ﬁLﬁﬂ?%@ﬂﬁU“ﬁ@iﬂﬁiuﬁm ICU [16] qu%’auuaﬁlﬂuLma'a%a:ga%’aé’m%’ué’zyfywm%'aaﬂamaa%ﬁwmﬁ
Fudouuazisruaunasituisaneda (Record) finusarpsanuuniudeglulaumuvesniuiuay
Snussvnils Ao snreauuuiiaviseglulawuveaia Tnsdoyannisarosamantuazgniiiv

TWTIWUNATBNTIAzUNTRIUTELANGNSY dmuitaeluvies ICU

! http://physionet.org/physiobank/database/mimic2wdb/
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Hame Last modified size Description
' F
D 21-Mar-2012 16:28 - MIMIC II Waveform Database version 3, part 0
(i} 31/ 21-Mar-2012 16:32 - MIMIC II Waveform Database version 3, part 1
(] 32/ 21-Mar-2012 16:44 - MIMIC IT Waveform Database version 3, part 2
D 33/ 21-Mar-2012 16:53 - MIMIC II Waveform Database version 3, part 3
o 38/ 21-Mar-2012 17:02 - MIMIC II Waveform Database version 3, part 4
(] 35/ 21-Mar-2012 17:11 - MIMIC IT Waveform Database version 3, part 5
D 38/ 21-Mar-2012 17:21 - MIMIC II Waveform Database version 3, part 6
o 37/ 21-Mar-2012 17:28 - MIMIC II Waveform Database version 3, part 7
(] 38/ 21-Mar-2012 17:37 - MIMIC IT Waveform Database version 3, part B
a 39/ 21-Mar-2012 17:46 - MIMIC II Waveform Database version 3, part 9
E] MAP-CW 23-Aug-2011 12:54 60K age, sex, clinical ID of matched waveform records
@' RECORDS 21-Mar-2012 19:44 272K list of waveform record names
E] RECORDS-adults 21-Mar-2012 20:11 205K waveform records of adult subjects
RECORDS-necnates 21-Mar-2012 20:09 67K waveform records of necnates
RECORDS-numerics 21-Mar-2012 20:15 415K list of numerice record names
RECORDS-waveforms 21-Mar-2012 20:24 265K list of waveform record names
O matcheas 21-Sep-2015 12:11 - MIMIC II Waveform Database Matched Subset, version
O sionar-quarieys 15-Mar-2012 13:04

U 7 Imqa%fwﬁtﬁusqﬂ%azgamﬂ http://physionet.org/physiobank/database/mimic2wdb/

sUnm 7 wandlassasnnisiivgadeyavesgiudaya MIMIC Tui@swies Physionet.org
Iniddeyaanfvlulaisnvied 30 & 39 udaziufiudeya MAP-cW fiiufleguosinddoyaimuaii
safiusiagUag ina wazeny Msamsngldan  sUam 9 wazuiludeyaduilifiuiiogues
Iddoyaniuwinvosiuity RECORDS Wiufloglnddoyarisvun RECORDS-adults LRufiag
IWddeyavesgfireomduglng RECORDS-neonates \Aufiogliddoyavesgiaoduidn
RECORDS-waveforms Liuflagluiddeyanidnvaszidusuuuuadu wag RECORDS-numerics 1fud
ogflnddoyadidnvazdusuuuuiuay Faduuiludoyafenidedidaniivaninnduuituge
YoyaveaaAde fedamsiiuiiogueuiiudoyalu RECORDS-numerics anunsaglélu Unw 8
usiay Record axillild aesUszinnde Indfiuruana dat wag hea sliianiuuana dat iudeya
fidniavuevosdygiadn dulidfifuiuana hea iivfeyadiudivosftaoidu 01g e
SrezaIveveya ﬁ?’]muﬁagmm%wﬁﬁasﬂuiﬁ .dat uagntluveILAaTEy 1IN walndaes
Ussinminsldannsastuasiulalaenss s1fudedld library 989 WFDB (WaveForm DataBase)
Tumssuuazutasdoyamardulidudeyaluguuuuiidesnislély model voanuided denis
SruuazuUasAiuazeiuisesuasBenlunsruiunswioudoyadesdiy

15



€[ shvwomitn iy s e a1 NS s

30/3000003/3000003n
30/3000065/3000065n
30/3000086/3000086n
30/3000105/3000105n
30/3000126/3000126n

39/3999907/3999907n
39/3999913/3999913n
39/3999944/3999944n
39/3999953/3999953n
39/3999968/3999968n
39/3999988/3999988n

U 8 Wiy path U89 numeric record A (RECORDS-numeric)

@ |13 physionet.ongiohysiobank/database/mimic2wdb/MAP-CW
Clin. Sex Age Waveform
Record Record(s)
s00001 F 60 3248903 3975656
s00020 F 76 3544749
s00033 M 87 3713820 3737936
s00079 M 53 3842928
s00079 M 53 3887555
s00123 M 57 3485814 3348632
s00124 M 71 3972293 3255538 3526846 3991520
3807277
]
[ ]
u
]
s26711 F 87 3286702
s26711 F 87 3776569
s26714 M 71 3054487
s26715 F 68 3714478
Notes:

This group of patients includes 1014 women and 1364 men.
These records do not include the gender of 12 patients.

Ages range from 13 to 101, including 87 patients over age 89
(whose ages are shown as 90+). These records do not include
the ages of 16 patients.

Record numbers are assigned randomly and do not reflect the
chronological sequence of the recordings.

sUAm 9 wiludaya (MAP-CW) MAuTe records finsafiudeyagtae

Tuwsiag Record awifius uidyaadnasUsunndsdivanvansuazdnaylinssfuate 3
onafidausdiuan 1 dyanadn feduunniign 16 dynadn WEdanadniomaUseneuly
e Snsnsiuiale (Heart Rate w30 HR), was (Pulse), aausiuladin (Blood Pressure) i
Systolic Diastolic kay Mean #antaUselnniais Arterial Blood Pressure (ABP), Pulmonary Artery
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blood Pressure (PAP), Central Venous Pressure (CVP), Noninvasive Blood Pressure (NBP),
Pulmonary Wadge Pressure (PAWP), waz Peripheral Capillary Oxygen Saturation, 3’3@1/:1“'\‘1
9m3111518la (Respiraory Rate 138 RESP), way Cardiac Output (CO) 1Uusu Snussiuniaie
11/\15”a;gaﬁgmm%’ﬂLﬁummﬁmsi’mmé’ﬁyjfyjm%wLﬂﬁﬂﬁ’uﬁmm‘ﬁ 1 Hz wagszezhianlunsiiu
Toyavedwsiay Record Inannaleseesiian vsaresniiszeznamanedalis wasuiusanein
fsrprnamanetu uidoyadilvafazilsrsznadesniiiilug doyamerduldtiumsnsagey

1NV Mohammed Saeed [28] UQIIE=)

o = e 2 dy 2/ .
3.3. NFLUIUNITANVUNITNUIDYALUDIGU (Preprocessing

@ MAP-WP file
mapping
subject,sex,age <==> record name(s)
Clin.  Sex  Age  Waveform
uuuuu a Recozd(s)
so001 ¥ 0 3248903 3975656
Read each Next tooss K@ 3nsase s
line data from Giors w53 3erass
MAP-WP file 00124 K 7 3972298 n2sesss sszescs 391820
(loop)
Read record time length
from record.hea and
classification .
Classify into three terms Get profile and rgcord name
Long Term (t >= 30 min) (;) from each line data
Short Term (5 <= t < 30 min) subject, sex, age, record name
Unvailable (error or t < 5 min) (s)

Create JS-EDEN record.jse

=> define observables Next

patient=subject;
sex=sex;
age=age;

type=[_.J;
data=(0)..0)}

U;e W:DB+UdNIX todd:lnve Download record from
el R Physionet.org
2D array data stream (recordName.dat, recordName.hea)

7

Get each
record name
(foop)

Break

Physionet.org

Physiobank/mimic2wdb '

use wget to download

JUAM 10 wnuginislvavednseuiumsanliunisiudeyailessiu (Preprocessing flow chart)

nsrvaunmsaiiunisiudoyailosdiusudumensvziuiudeya MAP-WP fiiudeya
vasyadeyanusznaulume sagUae (Clin-Record), e (Sex), 818 (Age), %1 records MnTeiu
LN 1 o 1 1 Y & v a v 1 . < . [
AUBUARZIAY UIN1TEUALEIARRENYoYaNABIN1TY subject 1T Clin-Record sex 1Tu
< = . A & ~ o . Y o
A age WY record namel(s) LU list Y89T® record YNUUANATINUY subject LaI111113 loop

list 40 record Wanuaiite 1A1&s weet ¥89 Unix command lun1sinaalddayaann
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Physionet.org @¥1lnefinadhuiaies inagldlwdinaedlwdfiuiuana dat wag hea &1
Hddeyauudn i lndiansluhnssiuduazioudedasailmiliomnetundves
model Tasuitefivnzauiulassasnswes JS-Eden Tngldmdaves WFDB library 5ufuds
Unix masognegunin 11 Sndsuifunilsluvneiioudlnd azdinmsdnifudoyarmuszeziian
294 record tiliiflevinisudsngudeya suundsnfildlnddeyavos model wnsnfivhng
wengu Tnsudanguanuszeznaivesusazisanedn Tiud szezen (ong term) szuwdu (short
term) waz 114lé (unavailable) FsnrsutsnguiagsnisesuisegisasiBealunszuiunis
wiindudeyalutemsely azdniunisluuiiauasunnisanedn nuguamm 10
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® @ 2.Dataset — bash — 63x33
grep Ee bash +

3338428n dat
k n Ly /Documents/Google _Drive/
Documcnts!BUUCSJ_Mastcr!885697 Thesis/Research/2.Dataset$ wfdbd
esc 3838428n
Record 3838428n
Starting time: [11:12:28.429]
Length: 21:27:88.088 (1287 sample intervals)
Sampling frequency: @.@166666666667 Hz
7 signals
Group @, Signal @:
File: 3@3842Bn.dat

Descriptiom: HR

Gaim: 1@ adu/bpm
Initial value: @
Storage format: 16

I/0: can be unbuffered
ADC resolution: 16 bits

ADC zero: @

Baseline: @

Checksum: —-8982

Group @, Signal 1:
File: 383842Bn.dat
Description: PULSE
Gainm: 18 adu/bpm
Initial wvalue: @
Storage format: 16
I/0: can be unbuffered
ADC resolution: 16 bits
ADC zero: @

Baseline: @

Checksum: 9185

Group @, Signal 2:
File: 3838428n.dat

grep bash =+

383842!n dat 3838428 hea
K s—M. :~/Documents /Google _Drive/Documents/BUUCS/_M
asterzSSSSQ? Thesis/Research/2.Dataset$ rdsamp —r 3838428n —H —pS
@.eee @.00@ 10.lee e.e0e - - -
98.600 o.eee 9.800 o.eee - - -
BB.BR@ BB8.900 9.78@ 94.700 138.00@ B85.000 183.eee
9@8.888 91.78@ 18.588 94.988 - - -
B89.10¢ BB.Be@ 12.008 95.000 - - -
BB.70e@ BB.G6O@ 13.20@ 95.1e@ - - -
B89.50@ B89.200 22.200 94.700
87.3e@¢ B6.900 16.80@ 95.3ee
87.30@¢ B86.700 13.688 95.108
B89.18@ B88.100 12.58@ 95.488
B8.Bee BB.38@ 14.188 95.6088
BB.30@ BB.o00 9.58@ 95.480
B6.20@ B5.800 11.20@ 95.1e@
B6.8e@ B6.500 17.10@ 95.1ee
87.8e@ B87.300 20.200 95.000
B85.58@ B85.000 15.488 94.500
91.68@ B89.70@ 17.888 95.008
94.488 94.48@ 16.008 95.488
91.98@ 92.800 20.000 94.600
B89.9@@ BB.Be@ 21.00@ 94.600
89.5e@¢ B89.1e@ 17.10@ 95.60@
88.9e@ BB8.490 18.000 95.400
B87.7e@ B87.300 14.78@ 94.700
87.7e@ B87.000 1B.688 95.208

£

DLW RES®

3038428n.jse

clinical_id-"s02653";
Sex IIMII

age=59;

signal=[ "HR","PULSE","RESP","Sp02","NBPSys","NBPDias",""NBPMean"];
type ["bpm","bpm","pm“,"%","mmHg","mmHg","mmHg"];
data=[[0,0.000,0.000,10.100,0.000,0,0,0],

[1,90 6% 0.000,9.800,0.000, 0 0, 0]

’
A0

(©
sUn 11 (a) NadnETlsandds widbdesc ¥os WFDB library 1iloeudilg hea
(b) wadwsnlaanads rdsamp 909 WFDB library Lileeualva .dat (c) waawsnlaainnis
transform deyavadld .dat uaz .hea udrdnlassasralvaliduduwusves JS-DEN
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3.3.1 mﬂ%am;@sﬁauua (Downloading Dataset)

o o o ¢ v a ! = Y = oA Y o Y

masmlglunsivanliddoya Ao weet noudusIABIRITe record awNSAndaY
2 frntivesie record daduie lawsnmes (directory) Fewfiundu (sub-directory) uaa LnA1I
“n” ABYINgTD record WAINNAIE “.” wazumgna “dat” dwmulng JeyadyayruTn uaz
“hea” dmsulvddayasivasiden Auarndudegislunisivanlndde 3000003 1319zsald
ANEIA LA

weget http://physionet.org/physiobank/database/mimic2wdb/30/3000003/3000003n.dat

weget http://physionet.org/physiobank/database/mimic2wdb/30/3000003/3000003n.hea

3.3.2. MsuUastaya (Data Transformation)

\esandoyaildundudoyasuiiliansnsiudlnenss dedldrdses WFDB library
Iumséwwﬁaaﬂaﬁ’@mm%wmdwﬂgu LLazSL%’?J%meSﬂuﬂmmaqgﬂLL‘U‘UTmaa%fwﬁaagaﬁlﬁmlﬁlﬂu
Tnssaiadeyai model vosuddeiiiiausannsaldliuas Uszmnanaldmusunm 15 doyadi
uTeildeddazisudsiiy observables 1y clinical_id, sex, age, signal type way data
é’m%’u%maﬂumsuﬂaﬁayja fio drduusnldmds widbdesc grep sed uay cat luniseuuaz
dnlewzdoyavesiiiudovesdyaudnuninguuuuifudives observable sign augunm 12
dugunn 13 %ﬁLﬁuwaé’wéslumﬁémuazﬁmLa‘wwz%’agaﬁL“fJuwmaﬁuaqé’zyzym%w Tunmaifiulu
observable type funausiollisnazldmds rdsamp sed perl waz cat Tun1sdnnsenuuasuias
EULLUU%EJ%@?@/QJ/”IN%W%{MNW nnsuam 11 (b) mﬂu%’ayjaﬁlﬂu observable data 984 JS-
DEN muguaw 14 Glumeuilazimioud observable clinical id sex uay age Aildandunouun
nlnd MAP-WP undaguuuulimdu observable vaa JS-EDEN anvingfazyiinisileudaya
observable avmmsnaglidifisatummsunim 15 doyaiidodu signal type gndnidosdidum
Futefingetu pnviutoyalu data 9zdudeya array 2 If Tneffusnanfudiffiiiugidunailu
AsTufin waz index usnvesusiaz array lufiffiaesenduszasinarveanistudin fiavdisu
AnlUAEATIMUALULILLINYBY signal wag type
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[ NN ] 2.Dataset — bash — 80x12
wget - bash A

3838428n dat 3@38428n.hea

ke ssnavon /Documents/Google _Drive/Documents/BUUCS/_
Master/BB6697 Thas:.szasaarchfZ Dataset$ wfdbdesc 3@38428n | gr'ep “Description®
> 3@38428n && sed -i — -e 's/Description: /\"/g' -e 's/$/\",/g9' —e '1s/~/signal
=\[/g" -e "$s/,%$/\]1;/0" 3038428n && cat 3838428n

signal=[ "HR",

“PULSE",
"RESP",
ilsnnzil s
"NBPSys",
“NBPDias",
"NBPMean"] ;

a

JUNM 12 naansveddnds widbdesc grep uag sed Tunisenunazdndenteyaiiludeves

duaad@inlu record undndumaes observable signal
[ NoN ] 2.Dataset — bash — B0x13

+

grep e bash

3838428n 3838428n— 3038428n.dat 3@38428n.hea

ke ssnavong@k ro:~/Documents/Google _Drive/Documents/BUUCS/_
Master/886697 Thesis/Research/2.Dataset$ wfdbdesc 3838428n | grep "Gain" > 38384
28n && sed -i — -e 's/ \{@,\}Gain: \{@,\}[8-9]1* \{@,\}adu\///g' 3038428n && sed
-i — —e 's/*/M/g' —e 's/$/", /9" —e '$s/,%/\];/9' —e '1s/~/type=[/g' 3838428n &
& cat 3838428n

type=["bpm",

"bpm",

"pm",

il*il'

" "

il:::gil:

LG H

P

JUAM 13 nadwsveddds widbdesc grep way sed TunseunarAnidendeyaiilumieinves
deyadnlu record udnluAnaes observable type

]

[ ] L] 2.Dataset — bash — 110x28
grep E bash

3038428n.dat  3838428n.hea
k

+

k-Pro:~/Docunents/Google _Drive/Documents/BUUCS/ Master/B36697 Thesis/Research/
2.Dataset$ rdsamp -r 3038426n - -pS > 3039428n & sed -i — e 's/-/0/9' 3038426n && perl —pne 's/\s+/,/g' <
3038428n > tmp &Eperl —pne 's/,,/,\n,fg' < tmp > 3038428n & rm tmp && sed —-i — -e 's/~,/\[/g' -e 's/$/\],/g"
—e '1s/~\[/data=\[\[/g' —e '$s/,$/\1;/g' 3038428n && cat 3038428n

data=[[0,0.000,0.008,10.100,0.0 o

[1,90.600,€.000,9.800,0.000,0,0

[2,88.800,88.900,9.708,94.760,138. 000, B5. 080, 103.200, 1,

[3,90.000,91.700,18.500, 94 aa 9,8,0

[4,89.100, 88.860, 12.080, 95

[7,87.300,86.960,16.800,95.300, 131.000, 86. 000, 103.800, ],
[8,87.300,86.760,13.600,95. mﬂ.B.B.B,lv

JUNN 14 nadwsuadrds rdsamp sed perl wae cat lun1senusaziUadoyavasdyy1aamn
visvunly record 11dnduAnves observable data
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3038428n.jse
[clinical_id-"s02653";

age-59;
signal=[ "HR",
"PULSE",
IIRESPII’
IISpozll,
"NBPSys",
"NBPDias",
“NBPMean"];
type=["bpm",
"bpm",

"pm",

||*||'

sUN 15 HadnsvesnisuUasdeyavindeyaiulalvanunain Physiobank
Tidudayai model ansainlawazyseuianals

3.3.3. MIwUangudaya (Dataset Classification)
Wennnisareiaauanaidedlaninnsinanuaznisuvasnainuiudeya MAP-CW  lung
waresa Mlally numeric record wivideyailaunluaunsaldanuld waznianistuiindyaio
=~ = J a = 1 ¢ o & v o ' v a J= S
Fnyasunaseiloueavgduiuly Felafivsslovunazdundudeyadiegiald anUsenisuils fie

¥
v a

sraziaIn1sUufindyaradniivainaisaiuend Aaiuuidelifeeniuunisuuinguyn
v & <) ! £ %Y L S &
Toyansuauilu 3 nau mugunn 16 lnedusgiussegiiainistuiindsisluil

- ngu Long Term danguiiiilnidteyaimstuiindyaadnannnii 30 un

- ngu Short Term Fanduiliiliiddoyaiimssuiindyanadndous 5 8 30 wi

- Ngu Unavailable snguiiiilwddeyaldalildviofinstuiindyanadwiesnit 5 i
NUELIS)
o fayaitoglungy Unavailable a¢lsithlulfidudeyasietnaves model
o pagyinszuiumsdeyaidesduiign Run Tne shell script Inldidendisnannsogléann
AARUIN Y

HAGNSANNTIARUINAUTRYS AD

i. nay Long term lganwaulneavse record 1,900
i. nau Short term laduulnavse record 1,309
iii. Ngu Unavailable lad1uiulneawse record 821
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Long Term
Datasets

C

Unclassified Classification Short Term
Datasets Datasets

—_—

5

—=1 Unavailable
Datasets

4

JUAM 16 Msuuanguyadeya

3.4. n1saFruvudiasudousyinvnieduiisnoaluiaads fu
nssulrunsaFunwdoyauvulauadin (Empirical Modelling
Dynamic Visualization)

nsvhauludiumseusiiou (Front-End) vesnszuIuNsaIInmuesdeyaiiionisuaninagn
Wannlaewrsesilovianilswes Empirical Modelling fuite JS-EDEN fiwansnsainsaudsaen
EDEN wsunpiianisadrsuvusiaeadasedng (Empirical Modelling) 39 JS-EDEN tulald
JavaScript 321U jQuery lun1sUszanana lumadignaaudaufulivuwdsinesveaminedy
3w wasegstoyavamuafgniAuliiieatunulasnnedit Wutindudevsosuda wdding
Gonld model Tngyaramlusinuiuiusimes am URL Aifmun model azuananti web page
193 model fignadistumn udldansnsanaidonsognsdoyaduygndldiud msluandoya
g model vivneldinatiaves AJAX lun1sistaya uad model AzaFanmunugiiduy (line
chart) Tesunefsdnunizdeyadyaainiifey fedreyaiifld gniden udeya duq 7
Rertestugtreidudvesiedsdoyasoninlunth web page fuszifumsmnsudndseiiy
Ao mﬂwamﬁaaéw%agaé’mmm%wLm'azﬂ%y’qmﬁ%’nmmﬂﬁaalzjmﬁ%uagjﬁ’ummL%’NJEN
wetneflimiddldnuey fedrdeyarimunasifiulivu cached  wosuTIwRT (client’s
memory) Tuudazunugilidu grfinsuansdedyaadn Fuaunaladyaiadn dunsmfivends
Faa981 10 Funfidanaintuasedidls udaevild observables uay dependencies fing fign
Usemalilu model fimsusualaesnluif® ndmndugldaunsovhmsfnwuasdufduiudi
model 1¢ agnaiu vimsnealiununfidulsluisanmudeanis whamsafivuaananianig
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Javesdoyaiitulaasants 10 whveaia1ase Bslundtugldaunsausurnanisuansunug iy
Tuwsazuaridesnsidiuauvse AvuanugedLNuielivagauiuIuIudyyndinuae

nihaevesgunsaliildeg

Y

duvosmamAefisniuiniaided AnuzrIduladnsAtiuinanuazlaluiaueluau
‘Uixﬁ;umu’]ma The 8th International Biomedical Engineering International Conference
(BMEICON2015)  iiilosiiven vays seminadudl 25 - 27 1oy waadnieu U w.e. 2558 dmiy
ﬁaamﬁammLﬁammmm@iu A1ANUIN N
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Unil 4 WanIsNnasd

4.1. ﬂﬂs‘uﬁ@dwazwmfﬂa@dﬂ%‘ﬂ%’ﬁdﬂﬂwﬁ@yamnnawzm’iaya

SAMPLE SELECTION :

short_terny v ||3015795n ¥
- CLINICAL ID : 511988 SEX : M : 7!
- NUMBER OF VITAL SIGNS

REPLAY CONFIGURATIO!

LINE CHART CONFIGURATION :
- HEIGHT we——— 5o
CICL — —

VITAL SIGN LIST & THRESHOLDS :

JUAM 17 wadwsveanszuunsaiunmuestayaiunsewateyalag EMDV Tu JS-EDEN

mauansdoyasmenmvedtuwna EMDV agnitmunlivihaiueguuniiiiuauguam 17 Tueall
Usenausigdiu Usenau 5 seausenau drudsenauimnaiiiugy

(1) SAMPLE SELECTION
Hldanunsaifendeyaiiegvasndeyaigniawuunagul i takA wuu short term
ey bUU long term

(2) REPLAY CONFIGURATION
Iﬁsﬁmmﬁdﬁﬁmum’tﬁmzLLa?’J’au‘Jaé’auﬂé’uléﬁﬂUé’miuﬁﬁﬁa%ﬁmuwﬂwnmL‘TQJu

AUNAUFBINTT LLa3mmimﬁmaﬂmmﬁamﬁwm%’m&aiﬁﬁamﬁuﬁu

(3) LINE CHART CONFIGURATION
ldannsauiuaugausuniidunazsuiugegavesusunifiazumngluusas i

AUAUADINTT WieAumanluN1SLaRINa Data Stream Visualization Output
dmiugld

(4) VITAL SIGN LIST & THRESHOLDS
wansinsindyanyntagtiu uasaiidovesdoulumansunnduesdyn gy dnud

ave
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(5) LINE CHARTS DISPLAY

[
Y

wanwnunIiduveINSERadyy I InmInveatayaluduiuiannaTaneunt
ufsantagduvestoya

(9

wiazurunliduiivevesdygadnuazansindyaadnlagiunseumiein
wunfiduiaunazgnusurwnilueigndewesuueansinfivanyay
nsmldusazteveluusasunugidurlinutsdyaadnlulagiu
duosduluunugindususdanusvesdya adnludagiu
O AunsnueiseInsuRaung
= = I3 a
o #lmnedadusinisunid

4.2. nﬁefé‘maunvufwa@m/@dg”if%

nstdmeuiulunavesgldaunsaaiiunisianialyil

o lildneuiulinaalngnaliendayaiidainisain drop down list uaanals Load

Inanyavoyaludiu SAMPLE SELECTION wansngazidenvailayadzuantaanty
JULUUARY anuesaUsenaunivualilulueg

faldnouiulumalaonslyinssuatoyaluwnugidisisfiesung iludiuves
REPLAY CONFIGURATION Litonséumanuslunszuadoyamaniy
wugiidue19rgnUsUFU SN ez U duTaz Lanslulsiazuadly
LINE CHART DISPLAY Tansléineufiu slider lu LINE CHART CONFIGURATION

4.3. N15UsLI U

NATedlavinsinusEanS nnvedluina EMDV 1agldnan1snag@auaintanIshandNasnsly
gunsaifuanssiuieiiudssslevundululalunsdindnsihdmuuuiluduasesdiomsldly

n1snausunenswindlulsziiuvesanudanguiaiuisaldnulivugunsainouiiamesng

ANUVAINYIaY agvinn1sasuNanIsnnaausie A1 X (Aade) uaz A1 O

wmsgy)  aedunuifeidafenysziiugluuuredlunalasldinatlunisivanluing (Page

Loading Time) wagAnn nvasnisiadiaulnilunisuaniua (Animation Frame Rate) Tuviany

s <) [ a a o & U ¢ o &
wnannosutlunamlunsindss@nsnimnisyinau Iumaugﬂmaamu 6 WNARNBDTUAIY

iPhone 5 (i0S smartphone)
iPhone 6s

iPad mini 2 (iOS tablet)
26
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® Macbook Pro 13 inches (Mac OSX laptop)
® TOSHIBA Satellite M840 (Microsoft window laptop)
® (Galaxy Note 8 (Android smartphone)

mATedldduiunsnnaeusuuuiuefauiynunanesufanandisiu wazludnues
geWdsAldinmaassldfuiusiwesiiamuvainvatowuiu 1dun Chrome, Firefox, Safari
wae Internet Explorer Tapdmdunsaziusiwesldnnaoudundsrounaniedy ieliiAnning
wiudazlisuaugndesnniign drumsuszidiunalddiadouazanunususiunisaia
uwanlasustounldfunimaaeukiunseietevesumine deynfiodondoidnginiete
duwesilaliarslunisinuszdnininnisAuiuuaznisnovauesinaluudvasdnsmsy
amiadoulmuazinailumsivannth fmeandeauandunag 1 wesanuideildaginaidon
Wwsilwesniusansammsvinauiiniigaesusazunanriosulumauazunugiinisussidiuna

Feazuandbiiulunnse 2 wag JUnm 18
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M3 2 asuran1sinuseansninvedluing EMDV uuiwannesua 5 516013

Platform

Browser

Page Loading Time

(Average)

Animation Frame Rate

iPhone 5
Dual-core 1.3 GHz Swift,
1GB RAM, iOS 8.4

Safari

0.9526

Good

iPhone 6s

Dual-core 1.84 GHz
Twister, 2GB RAM, iOS
9.21

Safari

0.3602

Very Good

iPad mini 2

Dual-core 1.3GHz
Cyclone, 1GB RAM, iOS
9.2.1

Safari

0.5794

Good

MacBook Pro
2.3 GHz intel Core i5, 8GB
RAM, OSX 10.11.1

Google Chrome

0.3040

Excellent

TOSHIBA Satellite M840
2.5 GHz Intel Core i5, 8GB
RAM, Microsoft Windows
8.1 Enterprise 64bit

Google Chrome

0.6709

Excellent

Galaxy Note 8
Quad-core 1.6 GHz
Cortex-A9, 2GB RAM,
Android 4.4.2

Google Chrome

1.8747

Poor
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Page Loading Time Evaluation on Multiplatform
2.0
18
16
14
12
10
08
0.6

04
. B -
0.0 -

TOSHIBA Satellite M840

Page Load Time (second)

iPhone 5 iPhone 6s iPad mini 2 MacBook Pro 2 Galaxy Note 8
Dual-core 1.3 GHz Swift, 1GB | Dual-core 1.84 GHz Twister, | Dual-core 1.3GHz Cyclone, 2.3 GHz intel Core i5, 8GB i:ﬁ”&:::::::’;:i;gi‘: Quad-core 1.6 GHz Cortex-
RAM, i0S 8.4 2GBRAM, i059.2.1 1GBRAM, i059.2.1 RAM, 05X 10.11.1 & N 2 A9, 2GB RAM, Android 4.4.2
(Safari) (Safari) (Safari) (Google Chrome) 8:LEnterprise G4bit (Google Chrome)
(Google Chrome)
& Page Load
(Average) 0.9526 0.3602 ’ 0.5794 ’ 0.3040 0.6709 1.8747
(a)
Animation Frame Rate Evaluation on Multiplatform
5
s
Rate Level
1:Very Poor 5
2:Poor
3:Good
2
4:Very Good
5:Excellent
1
= TOSHIBA Satellite M840
g g Zo I atellite
< iPhone 6s iPad mini 2 y: Galaxy Note 8
IPhane 5, _ Dual-core 1.84 GHz Dual-core 1.3GHz Ma:?ook Lo 5 ZoSHzlntel ‘Core 5, Quad-core 1.6 GHz
Dual-core 1.3 GHz Swift, Twister, 2GB RAM, i0S Cyclone, 1GB RAM, i0S 2.3 GHz intel Core i5, 8GB RAM, Microsoft Cortex-A9, 2GB RAM
1GBRAM, i0S 8.4 ’ ’ ¥ " ‘ 8GB RAM, 05X 10.11.1 Windows 8.1 Enterprise < '
E 9.21 921 3 Android 4.4.2
(safari) (Safari) (Safari) (Google Chrome) S4bic (Google Chrome)
| | | | (Google Chrome) 8
Animation Frame Rate | 3 | 4 | 3 | 5 | 5 | 2
(b)

JUAM 18 wan1siUIeuligun1suseiiiu (a) Page Loading Time Wag (b) Animation Frame Rate
yosluna EMDV Tuguuuunnugl
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unil 5 agunan1sIse

5.1. Una‘g‘w/@dﬂﬂaﬁé’y

mATedldiiaueitnsluldmiunisairelusunsudsegnduuiudmiuiuusiasinis
wansranszuadoyadUnluvedledy iedislunmsinnueinisgiisainnszuateyadilasuan
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Abstract—The visualization of data streams plays an
important role in diagnosing anomalies in the human body,
particularly in Intensive Care Units (ICU). We propose an
unconventional paradigm in computer science called Empirical
Modelling that is suitable for the ined visualization and
exploration of biomedical data streams. Empirical Modelling for
Dynamic Visualization (EMDV) provides a learning space for

dical ed i imulating the ICU patient data streams
using web based technology. EMDYV benefits from the principles
of EM as building models based on observables, dependency and
agency, which promotes flexibility and responsiveness in
visualizing biomedical data strecams. EMDYV integrates
biomedical signal from different tools inte a single monitor. This
allows the reduction of cognitive burden in exploring multiple
monitors. Open-ended characteristic of EM environment that can
enhance the experience of human-machine interaction is founded
to be useful to be used as an education technology. The proposed
model has been tested with different kinds of mobile devices. The
results have clearly shown that the performance of visualization
is largely based on the performance of the devices.

Index Terms— ICU data streams, visualization, Empirical
Modelling, interaction technique, bi dical signal pr
human machine interaction, education technology.
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1. INTRODUCTION

Real-time observations of streaming data become a critical
success factor for many visualization applications [1,4]. Many
of those applications are using conventional paradigm that
encompasses rather fix states of observations. In this research,
a well-described definition that conforms to the way human
think of the dependencies between observations, has been
proposed to create the visualization of data streams. This type
of dependencies is conceptually similar to the dependencies
between cells in a spreadsheet [2]. Meanwhile, its intertwined
relationship could promote a more responsive dynamic
visualization that can help human construal process better.
With the advances in medical technology, biomedical or clini-
cal data streams are in abundance for exploring and analyzing
anomalies or patterns that might lead to early diagnosis. A sys-
tem that can describe those data streams and provide medical
staff with a more flexible user interface for finding anomalies
or mathematical patterns could contribute to better healthcare
in thc futurc. An cxample of flexible uscr interfaces arc
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1) option to view data at a specific time or just view the whole
stream of data at once, 2) option to view or to replay data
stream on any platform such as smartphone, tablet, laptop, or
personal computer. For this option, it can lead to the reduction
of budget of the medical school to be invested in extra units of
specific sensor devices for educating or training a group of
trainee. For example, in a clinical Intensive Care Unit (ICU)
course, every student can use his/her smartphone, tablet or lap-
top to view and interact with the sample of ICU patient data in
graphical user interface mode to either experiment or compre-
hend the behavior of biomedical data streams. In addition, the
replay feature can be used by the ICU clinicians, who work in
shift, to look back for the previous clinical data of the patient
for a specific time to comprehend the state of the patient and
help in further diagnosis. Other areas that may need the similar
visualization systems arc bio-informatics analysis, traffic con-
dition analysis, network usage analysis and stock market mas-
sive trend analysis. A good visualization model needs to be
simple, accurate and uscful.

In this research, we propose an unconventional approach to
build a dynamic visualization for analyzing biomedical data
streams of 1ICU patient for education or training purpose. The
proposed method is called “Empirical Modelling for Dynamic
Visualization” or EMDV. We used data set from PhysioBank
[3]. The data set are passed into the pre-process to make them
suitable for the EMDV model. Each record of such data
streams may contains multi-dimensional of biomedical data.
The output of the proposed visualization depict dynamic graph-
ical line charts that could be used to reduce the cognitive bur-
den of human thinking process'. By experimenting with the
model either the clinical professional or ICU physiological
learners can understand the situation of a patient.

The remainder of this paper is organized as the following.
In Section 2, we review the related works. In Section 3, we
present the proposed methods. Then, in Section 4, we provide
experimental results. Finally, in Section 5, we discuss the limi-
tations of our approach and suggest future work in last Section.

1 5 . 2
www2.warwick.ac.uk/fac/ intro/
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II. RELATED WORKS

A. Data Visualization

The situation of data abundance raises the issues and
challenges on Data Visualization that can provide a more
comprehensible way to view data, especially when data are
from multiple data sources. Researchers have been attempted
on these issues and challenges. The basic approach of a time
series chart was introduced by W. Playfair in 1786. Since then,
a number of enhancements or new techniques were presented.
G. Ghidini and S. K. Das developed a web-based application
for the interactive visualization of electricity consumption data
[S]. W. Javed explored user performance for comparison,
slope, and discrimination tasks for different line graph
techniques involving multiple time series [6].

M. Greenacre developed protocols and tools to add motion
to scientific graphics so that high-dimensional data can be
visualized dynamically [7]. F. Mansmann et al. proposed a
screen-filling visualization technique for analyzing dynamic
information streams in or close to real-time called
Stream-Squeeze [1]. F. Fischer et al. presented a system to
tackle some of the visualization challenges when analyzing
such dynamic cvent data strecams [8]. B. Stubbs ct al. proposed
“SimeTwentyFive” [9] a highly flexible, responsive and
intuitive prototype with a comprehensive set of interaction
techniques for medical data visualization.

B. Empirical Modelling

EM approach has been proposed and applied to a variety of
domains, particularly as an approach to Educational Technolo-
gy [2]. For the domain of Software Development and Humani-
ties Computing, Beynon et al. applied EM principles to make a
construal, c.g., the interactive cnvironments that can be co-
constructed by collaborating human agents so as to reflect their
fluid understanding and developing knowledge of a subject
domain [10]. For Artificial Intelligence domain, W. M. Beynon
proposed EM as a possible foundation for Al research outside
the logicist framework [11]. For the domain of Interactive
Graphics and Design, H. Todd proposed a novel format for
educational software by attempting to integrate the game de-
sign techniques with EM [12]. For the domain of Concurrent
Systems Modelling and Engincering, Beynon ct al. described a
multi-level procedure that specifies the way in which the de-
sign object is synthesized from agent views over time [13]. For
the domain of Human Computing, Beynon and Russ [14] dis-
cussed the prospects for partnership between the humanities
and computing from alternative perspective afforded by EM.

IIT. PROPOSED METHODS

A. Empirical Modelling: Unconventional Computer Science
Approach

An unconventional computer science approach named
"Empirical Modelling" has been founded by W. M. Beynon
since 1985 [15]. The main idea of this approach is to provide a
complementary open-cnded and experiential environment to
construct artefacts or often referred to as models. With the
nature of open-ended and experiential environment allows the

idea about the artefact of modeler to grow. The key concepts of
EM arc obscrvables, dependencics and agency. These key
concepts imitate the way how human make sense of the
real-life situation. For example, if we are going to make sense
about how to operate a new audio player that we are going to
buy, we then will comprehend a number of things as follows.
Firstly, we have to observe a number of observables, e.g., but-
ton, switch, cable and plug. Secondly, we then need to identify
the dependency or the relationship of each elements of the new
system to find out how one would depend to the others. For
example, if the switch is turn off, then the whole system could
not operate or if the switch is on but the volume is off, then we
could hear nothing. And lastly, for the concept of agency refers
to the inherent nature of a set of observables that initiate the
change of state. For example, a person turn off the operation
switch makes the audio system goes to stop mode.

B. JS-EDEN: One of the Empirical Modelling Environment

Empirical Modeclling provides a successful way of
“Thinking with the Computer” through definitions that is a
building block for create “Interactive Modelling”.
A JavaScript-based EDEN or “JS-EDEN” which is a variant of
the EDEN interpreter was first conceived and prototyped by
Tim Monks [16]. It is an attempt to bring EM generalized
modelling to the browser using the browser-side scripting
technology. The technical description of the maintainer for
state with definitions and a translator for a language allow for
the efficient maintenance of such a system [16].

Unconventional paradigm Vs Conventional paradigm
18 is motified that it is no longer
S upto date T A=2 4 B=A+L;
. Initial asst ent of A B 1s assigned value in terms
s definod T lers of A it sipamen B dipnivah
A=S;

Source Code: il a=e Ais changed but Bis noy | St Cades
BisA+I; Spontancous change in the valic of A changed A

A=2 A=S5;

A=5; B=A+1

A=2 B=A+L A=S; B=A+1
B is not Bis3 Bis3 Biso

Running rime

Fig. 1. Illustration of notification of change to a dependent symbol in uncon-
ional igm versus assi symbol in ional di

An idea of dependency in EDEN language is shown as in
unconventional paradigm of Fig. 1. The statement of “B is
A+1” is working in a similar way as the formulas in the
spreadsheet-cell which is recalculated immediately once the
content(s) of related cells is changed. e.g., “BI = AI+1”. Any
time cell A7 is changed then cell B/ will be implicitly changed.
It is difference from general conventional paradigm, e.g., “A =
B+1", that need to be recompiled the script or to be redefined
dependent elements to get actual updated value. For this un-
conventional paradigm, it is helpful for us to apply this type of
interaction technique to our work on dynamic visualization.
With this principle of EM, we can provide a replaying function
of the movement of time series data in line charts conveniently.
In addition, the changing of the linc chart's propertics can be
proceeded responsively without recompiling the script or
redefining the dependent elements.
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C. Data Set

The Multi-parameter Intelligent Monitoring in Intensive
Care 11 (MIMIC-11) data set is a free and a public resource for
intensive care research of PhysioBank [17]. It is a research
resource for complex physiologic signals. This data sct
contains thousands of record of both types 1) "waveforms"”
(frequency domain) and 2) "numeric forms" (time domain).
Those records are collected from bedside patient monitors in
intensive care units (ICUs). In this work, we use only all
numeric forms of MIMIC-II data set as our research input
(3209 records). The data set includes 1) header files that
contain information of each record, 2) data files and 3) other
helpful plaint text files that describe the details of record list.
Each record contains different multiple observation vital signs
such as heart rate, respiration rate, SpO2 and blood pressures
(i.e., systolic, mean and diastolic). In addition, all records have
a variety of time length. A number of them got a duration for a
few weeks, few days and a few hours. But some of them are
shorter than an hour. The data set is described in full detail at
[17] by Mohammed Saeed et al.

D. Design Process

Model Management

Data Stream
Repository

Preprocessing

(PhysioBank)

Fig. 2. A diagram of dcsign process for EMDV.

In this rescarch, the EM cnvironment is used to creatc an
interactive model to visualize ICU temporal data streams. We
explored and collected the data set from PhysioBank and used
WEFDB? together with UNIX commands in the pre-processing
process (i.e., conversion and classification). There is a number
of EM environments’ such as EDEN, ADM, Cadence,
Web-EDEN and JS-EDEN. However, we decided to use
JS-EDEN to implement the proposed Model Management as
we aim to use the state-of-the-art features of browsers that have
recently become available (i.e., HTMLS5) and it is recently
updated and continuously developing.

E. Preprocessing

First of all, we downloaded data set from PhysioBank using
wget (UNIX command). As data set contains data files and
header files (i.e., file extension: dat and hea), which are
unrcadable with general editors, we have to convert thosc files
into designed structure input by using WFDB (Waveform
Database) library with UNIX commands. We used wfdbdesc,
rdsamp (commands of WFDB library) to read header file and
data file and then we used grep and sed (UNIX commands) to
convert them into the designed structure input as shown in

2 www.physionct.org/physiotools/wfdb.shtml
www2.warwick.ac.uk/lac/sci/dcs/research/em/sofllware

Fig. 3. After that we classified them into three data sets of re-
cording (1) unavailable data sct which refers to thosc records
with too short length or unreadable (i.e., under five minutes
length), (2) short term data set which refers to records with
length between five minutes to half hour and (3) long term data
set which refers to records with length of over half an hour.
Finally, we selected only two data sets that belong to either
short or long term data set to feed into our Model Management
as shown in Fig. 2 and we discarded the (1).

3038428n.dat 3038428n.hea

o Maste

es

Record 3038428n
:120.429]

0 (1287 sample intervals)

: 0.0166666666667 Hz

Starting time
Length: 21:27
Sampling

7 signals
Group @, Signal @:
File: 3038428n.dat
Description: HR

Fig. 3. (a) Results of deriving header file (3038428.hea) information by
wfdbdesc command (WFDB); (b) Results of Read data file (3038428.dat) by
rdsamp command (WFDB); (c) Results of model EMDYV input after conver-
sion step. The first index of each inside array of “data” is a time series in
second and [ollowing indices are matching to the “signal” index in order.

F. Implementation

The front-cnd of the visualization process was implemented
by using JS-EDEN, which is a JavaScript-based variant of the
EDEN interpreter of Empirical Modelling technique together
with jQuery and traditional JavaScript. The system is hosted on
Burapha University's server. Once the identified data set was
loaded by user selection via front-end interface, the system uses
the AJAX request to retrieve the selected record data set from
the server and displays all information of that record.

The vital signs name, as well as, the defined current
timestamp value of all those vital signs will be displayed in
separated each vital sign line chart. It will takes some time for
the first loading record depended on its length and network
speed on user accessing device. After loaded, all data are
cached on browser (client's memory) and then all observations
and dependencies which are defined in the model will be auto-
matically updated. Those data are 1) list of line chart,
2) list of vital sign current measurement with threshold and
3) other information of patient. Once the sample record was
completely loaded, users can interact with the output results
such as replay the time series data either 10 move backward or
move forward. Users may also try to adjust some properties of
the line charts such as a number of columns to display the
charts or to sct the vertical oricntation height of charts.
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SAMPLE SELECTION

) REPLAY CONFIGURATION :

LINE CHART CONFIGURATION :

T —— 35

VITAL SIGN LIST & THRESHOLDS :
1

A /\

Fig. 4. The replaying forward movement for six channels record and displaying into two columns

IV. RESULTS

A. Model Overview

The EMDV visualization is working on a single web
page as shown in Fig. 4. It consists of five components.
Those components are: 1) SAMPLE SELECTION — A load-
ing sample record of classified data set such as short term
and long term; 2) REPLAY CONFIGURATION — Six action
buttons for replay in terms of rewind, back, next, end, play
backward and forward on linc charts’ data strcam with two
sliders of time selection and replay speed up (up to ten times
faster); 3) LINE CHART CONFIGURATION - Two sliders
of line chart height adjustment and the maximum number of
charts will be displayed in per row; 4) VITAL SIGN LIST &
THRESHOLDS — displays current value of each vital sign
and thresholds of each vital sign; 5) LINE CHARTS DIS-
PLAY — display all line charts of selected record in ten sec-
onds from previous time to the current time of time scrics
data. Each chart is titled with the vital sign name and current
value of physiological measured that is associated with its
unit. All line charts are scaled by four steps along the y-axis
as the valid value of the suitable graphic view (i.e., four steps
for each line charts along the y-axis). The red-line graph and
label on each line chart is indicated that the physiological
current measure is out of normal symptom threshold and the
blue-line for normal symptom.

B. User Experience Environment

The following user’s interaction arc offered by EMDV:

e Individual simple record of patient may be loaded by
clicking on drop-down list from SAMPLE SELECTION
and the information of the record will be shown in each
component (sce Fig. 4).

e User may seck the ICU data strcam of recording by
clicking on any button in REPLAY CONFIGURATION
for experiencing and exploring.

e Each chart may be adjusted by user as changing the
number of charts to be displayed per row or height of all
charts in LINE CHART CONFIGURATION.

C. Evaluation

As we proposed EMDYV to be a flexible, responsive, and
useful medical training and clinical monitoring tool. There-
fore, we cvaluate our modcl by using time consuming and
quality of animated results across multiple platforms as the
performance measurement criteria.

The visualization was tested across four platforms such
as 1) iPhone 5 (Smartphone), 2) iPad mini 2 (Tablct), 3)
MacBook Pro (Mac) and 4) TOSHIBA Satcllitc (Window)
with variety of browsers such as Chrome, Firefox, Safari and
Internet Explorer. The results in terms of animation frame
rates are shown in TABLE L.

TABLE L A SUMMARY OF PLATFORM’S BROWSERS TESTING RE-
SULTS
i Graphics | Animation
Platform Browser load full f -y
iPhone § (1.3GHz, .
1GB RAM, i0S 8.9) Safari Yes Poor
iPad mini 2 (/. 3GHz, {GB i
RAM, i0S 8.4) Safari Yes Poor
Chrome 44 Yes Excellent

2011 MacBook Pro
(23GHz Core i5, 8GB Firefox 37 Yes Excellent
RAM, OSX 10.10.4)

Safari 8 Yes Excellent
TOSHIBA Satellite Chrome 44 Yes Excellent
(2.5GHz Intel Core i5, 8GB -
RAM, Microsoft Windows | 1 o0% 37 e Good
8.1y Internet No Good
Explorer 11

Initial page load and reload time testing (ten tests each on
working well browser) were run on above four mentioned
platforms via Burapha university wireless intemet connec-
tion to measure computational efficiency and responsiveness.
Initial page load is defined as the first loading of the visuali-
zation model with a clearing cache for a new instance. For
page reload is defined as the reload of the visualization mod-
el without clearing cache. The results are shown as in Fig. 5.
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Fig. 5. Average page loading time of testing platforms on EMDV.

V. DISCUSSION

JS-EDEN is an environment for creating models that arc
suitable for educational technology using the principles of
EM. The nature of the EM approach is that it can facilitate
the learning process of model developer prior to the com-
mercial run of such software or program. In addition, the
environment of EM provides a special kind of interaction
experience between the user and the model which can pro-
voke a new aspect to the model under study. This is effec-
tively good for the situation that the domain subject under
study is not well understood and there is room for explora-
tion. Therefore, the biomedical data analysis for medical
training is a huge area that can be attempted using the pro-
posed model. EMDV has been evaluated via four platforms.
The results shown that EMDV is working with all platforms
and working well with some browsers. The animation's
frame rate is slow on the smartphone and tablet platforms.
This is because of the limited memory of their graphical
cards and processing units. However, the animation’s frame
rate is excellent for higher performance platforms either
MacBook Pro or TOSHIBA. In addition, EMDV performs
very well with Google Chrome. For page loading time, the
initial page loading time for laptop platforms is about 26
times faster than smartphonc and about 14 times faster than
tablet. This is because of the different memory capacity and
unstable internet access speed. Moreover, the page reloading
time is fast for all platforms and almost have no different.

VL. FUTURE WORK

The current EMDYV introduces both flexibility and quali-
ty of the interactive model. This type of interactive model
could be useful for either biomedical or educational practi-
tioners, However, we plan to include the integration of On-
tology Principle and Empirical Modelling for defining the
knowledge based of biomedical data stream diagnosis. This
will then be expanded as a so-called expert system to train
the biomedical learners in complement to the training from
their professors. Moreover, we understand that the reliability
of clinical learning tools are crucial, therefore we will do a
thoroughly-constructed with close collaboration with domain
cxperts to make a valid contribution to the ficld.
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## Start elapsed
start=$(date +'%s')
echo "===> Start Job : $(date +'%Y/%m/%d %H:%M:%S')"

#H## —mmmm e - - #H##

### Script for generate the dataset from Physionet.org for JS-EDEN model
### Physiobank/mimic2wdb : ICU patient signal

### Author : Mr.Keovessna Vong

### Created date : 1 July, 2015 vl

### - download database

### - generate .jse dataset file

### Updated date : 2 July, 2015 v2

### - fixed conversion .dat with Gain value

### - classification to three classes

FHH —mmm e ###

echo "==> Generating RECORD.jse dataset for JS-EDEN data from Physiobank/mimic2wdb"

echo > Jobs:"

echo "1. Download dataset (.dat,.hea)"

echo "2. Read signal data from dataset into dataset .jse file by WFDB Software
Package"

echo "3. Classify dataset into 3 classes"

echo "In progressing..."

dir ds="dataset"

dir cl="unavailable"
thres_1=300

dir c2="short_ term"
thres_2=1800

dir c¢3="long term"

if [ ! -d "sdir ds" ]; then
mkdir $dir_ds

£i

if [ | -d "$dir ds/$dir cl1l" ]; then
mkdir $dir ds/$dir_cl

£1

if [ ! -d "sdir ds/$dir c2" ]; then
mkdir $dir ds/$dir c2

£

if [ ! -d "$dir ds/$dir e3" ]; then
mkdir $dir ds/$dir_c3

£l

### Read line fron MAP-WP mapping subj:sex:age:records list
while read line
do

if [[ $line == "s"* ]]

then
## split string to array delimited by space
array=($line);

## get array length
len=${#array[@]}
len="expr $len - 1°

## get profile

subj=${array[0]}
sex=${array[1l]}
age=${array([2]}

for (( i=3; i<=${len}; i++ ));
do
## get record name
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rec=${array[$i]}
rec_n="${rec}n"

## echo "==> Subject : $subj , $sex , $age | Record Name :
$rec_n "

##===> downlaod data signal file from physiobank

data_path="${rec:0:2}/$rec/$rec_n"

wget -q
http://physionet.org/physiobank/database/mimic2wdb/$data path.dat

wget -q

http://physionet.org/physiobank/database/mimic2wdb/$data_path.hea

mv $rec_n.dat $dir_ds/
mv $rec_n.hea $dir ds/

##===> write observations : patient sex age to .jse
echo "patient=\"$subj\";" > $rec_n.jse

echo "sex=\"$sex\";" >> S$rec n.jse

echo "age=$age;" >> $rec_n.jse

##===> append observation : signal array to .jse
## read and grep header file description to tmp file

wfdbdesc $dir ds/$rec_n | grep "Description" > $rec_n
## convert tmp file to JS-EDEN obervation array
sed -i -- -e 's/Description: /\"/g' -e 's/$/\",/g' -e

'1ls/”/signal=\[/g' -e '$s/,$/\1;/g' $rec_n
cat $rec_n >> $rec_n.jse

##====> append observation : type array to .jse

wfdbdesc $dir ds/$rec_n | grep "Gain" > $rec_n

sed -1 -- -e 's/ \{0,\}Gain: \{0,\}[0-9]* \{0,\}adu\///g"'
$rec_n

sed -1 -- -e 's/"/"/g' -e 's/$/",/g' -e '$s/,$/\];/g' -e

'1ls/"/type=[/g' $rec n
cat $rec_n >> $rec_n.jse

##===> append observation : data array to .jse
## read signal file into tmp file
rdsamp -r $dir ds/$rec_n -H -pS > $rec_n

## replace error value with zero

sed -1 -- 's/-/0/g' S$rec_n

## replace all space with ,

perl -pne 's/\s+/,/g' < $rec_n > tmp && perl -pne
's/,,/,\n,/g' < tmp > $rec_n && tmp

## repalce begin , of each line with [

sed -1 -- 's/",/\[/g' $rec_n

## append end of each line with ],

sed -1 -- 's/$/\]1,/9' $rec_n

## replace [ of begin first line with data=[[
sed -i -- 'ls/"\[/data=\[\[/g' $rec_n

## replace , of end last line with ];

sed -1 -- '$s/,$/\1;/g' $rec_n

## write append data into .Jjse
cat $rec_n >> $rec_n.jse

##===> Classification all records by during sampling

## cl : less than 5 minutes or unavaliable during

## c2 : from 5 to 30 minutes during

## c3 : over 30 minutes during

wfdbdesc §$dir ds/$rec_n | grep "Length" > $rec_n

sed -i -- -e 's/Length://g' -e 's/" \{0,\}//g' -e 's/"[0-

9]1*%://g' -e 's/"[0-9]*://g' -e 's/"[0-9]%.[0-9]* \{0,\}(//g' -e 's/ sample
intervals)//g' $rec_n
dur=$(cat $rec_n)
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if [[ $dur -1t $thres_1 ]]; then
mv $rec_n.jse $dir_ds/sdir cl/
mv $dir ds/$rec n.dat $dir ds/$dir cl/
mv $dir ds/$rec_n.hea $dir ds/$dir cl/
elif [[ $dur -le $thres 2 ]]; then
mv $rec_n.jse $dir ds/$dir c2/
mv $dir ds/$rec_n.dat $dir ds/$dir c2/
mv $dir ds/$rec_n.hea $dir ds/$dir_c2/

else
mv $rec_n.jse $dir ds/$dir c3/
mv $dir ds/$rec_n.dat $dir ds/$dir_c3/
mv $dir ds/$rec_n.hea $dir ds/$dir c3/
£

## delete tmp files
rm $rec_n $rec_n--
done
fi
done < MAP-CW

## Generate record list and count
./gen_reclist.sh $dir ds/$dir cl
echo "Number of Records:"
./count_record.sh $dir_ds/s$dir_cl
./gen_reclist.sh $dir_ds/$dir c2
echo "Number of Records:"
./count_record.sh $dir_ds/s$dir_c2
./gen_reclist.sh $dir ds/$dir_c3
echo "Number of Records:"
./count_record.sh $dir_ds/s$dir_c3
## Count Patients
./count_patient.sh

echo "==> All Jobs was done in $(($(date +'%s') - $start)) seconds"
exit
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#!/bin/bash

if [[ "$1" == "" 1]; then
path="_"

else
path=51

fi

echo "==> Generate RECORDS list in Spath"

if [ -f $path/RECORDS ];then
rm 5path/RECORDS

fi
for £ in Spath/*.jse
do
echo "$f" | sed -e "s/h\.Jse//g" -e "s/S{path//\//\N/IN///g" >> Spath/RECORDS
done
exit

3UAN 22 Shell script for whole preprocessing step (gen_reclist.sh)

#! /bin/bash

echo "==> Counting Patient from MAP-CW"
echo "In progressing..."
i=0
while read line
do

if [[ Sline == "sg"+* ]]

then

i="expr 5i + 1°
fi

done < MALP-CW
echo "%i Patients"”
exit
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