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The Development of Temporal Mining Technique Considering
the Event Change of State in U-Health

Jaeln Kim' - Daeln Kim™ - BuHyun Hwang™

ABSTRACT

U-Health collects patient information with various kinds of sensor. Stream data can be summarized as an interval event which has an
interval between start-time-point and end-time-point. Most of temporal mining techniques consider only the event occurrence-time-point
and ignore stream data change of state. In this paper, we propose the temporal mining technique considering the event change of state in
U-Health. Our method overcomes the restrictions of the environment by sending a significant event in U-Health from sensors to a server.
We define four event states of stream data and perform the temporal data mining considered the event change of state. Finally, we can
remove an ambiguity of discovered rules by describing cause-and-effect relations among events in temporal relation sequences.

Keywords : U-Health, Temporal Mining, Event State. Cause-and-effect Relation, Temporal Relation Sequence
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ol A #A A2 74 HHd Ja2He AT oHE
& Hags7] Adteltt. dA oWE ZH2EE oIE
Al Alge wet e FAEo R HHHO glenz #A o

E g2E9 = i X oWE EZ} B4 oWl
Ao gl oWE FollA 71 WE AF AFHE e
ojflEcty g AnZF 330 ol F ojWEE F
8 AAd QA7 o|HlES FAAHoR FrEBE A3 oWl
E Z2E9 oHIEEL F8 AHd ue} 2EAcoE A
d=o] Fx€oh ety A WEe A o|HE 22E
o sz AT A oldHEL A AHF < oHIE
g 2Ed 9l oWES] F& AFHY A7t ofWE A ¢
Az § Bk & g7iA] 9] ojWE 2 2Ed) gle ol
EEL A oHEZ e gAY olgd FFL [¢
a2 F 34]8 2o

CEL, 3} olWlE #2rE

Input : A ol ‘1]
gl :]?ﬂﬁk £ AT #A AR

EEL, o|MIE
TRS

Output : 13} o[WlE YAE EEL, FHA oHE gXE
PEL, A2 dlo|g|H|o|~ DB(TRS)

Min_CEL = @A) o|WE g ~E CELY 3= & o
WES Al AlH
Min_EEL = 917} o|MIE #|2E EELY FZd Uz 9
HES Fa A4
While {|Min_CEL - Min_EEL| > ¢|HlE
It
olz} o|WE g2E EELS @A H3d U oHE
EE 314 o|WIE g £E PELZ o|F
E7} 238 AIZF #A AlE& TRSE
o]~ DB(TRS) A%
o3} ojHE ZAE EELY & X2 o|F
Min_EEL = 913} o[dlE 2|2~E EELS dAA] $A|
AdE oHES Fa AlH)

A% AA

A2 wlo]EH]

. (¥12|F 34] 213t OJHIE A7

A BHEL Fr oMEE AMgst A BA MAL
T4 F AFHLE HA oWEd] dg A BA AAL
E AHEste olWlE A tid AF BAE FAGT
3 o|flEAA HA o|WIERY A #HEe HFH] ERY
Ao gret 22 HE o] o FARE Ad B FE
F4& [¢1dF 3519 #rh

Input : Al@2 dle|gwol~ DB(TRS), oWl 13} ¢
Ak £

Output : 1= #A 4 CERS

For Ald4 wlolejule]~ DB(TRS)E A2t A Ald=
TRSo i3t do



AA2 TRSo| E3HE oWIE E°] AJF AI(E)E 24
IF (E'9] Prefix % oldlE 23} A { ool £&
Al H A7b EA) then // Case 1
Az #/A CERA, E)E 93 24 J¥ CERS
F7t
IF (E'9 Prefix & A& AHT sde oWE JF
{A...,B}7t &A) then // Case 2
Q3 ¥4 CER(A.B, E)& 3% @4 A CERS
of 37}

(¢12|F 35] o3t 2 =& Y125

(29 5 [¢ndF 3515 AHgslo] AlZE [2]9] wel
A gAEte (28 D3 e A 7 o4 oJHIEE Alo]
oA wAsts AHE A R3FS HAFE Bl
(19 5(a)E o|WE C 2o e 92 ojHES} A8} B
ol ZA$ol Wi Az BA AEAE BdFE (29 5(a)
ol ol E (2] Azt A (9] prefixt A'<BOER 9
HE A9t Be AF AR At B uto] EA%c) wetAy
ojWE C WA ojWlE A9} B7l ¥4 9IS FASE
oulgteg A7 @A CER(AB,C)7} 3Z¥tHCase 2 9
%), (29 5b)E o/HE C HAe th3t Y3 JHER o]
HE A9 B7l 7tz S@Hor ZAFL dudd (29
SbNeA ojHlE o AR AY (9 prefixe A'<KB<A
ojm2 (9 prefixe]l F8 Aol At oJHIE A oWE
C A 932 FALET 9usinz A #A
CER(A,C)7} &8 HCase 1 %=). £ prefix £ ©]
HE Be] AZ AlH B'7F EAsteg (¥ Sa)g 2ol
oWE C WA oWE B7} Y4FIE FULEL onjgez
A7 A CER(B,CPt F&9HCase 2 TF),

ANZEHEA ARA  AYCBICCH <A (B (C

[ 4 |

E : C+
(a) 2% 1) AlZH oA AF2

MNZHBA NBA  ATCBICA CC <BCC™
c_ |

| 5] |

e

(b) 37 1) A A AA2

(02 5) AlZH 2HH| AlHA 7Y
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U-Healtht= 948 F52 AMS AHgale] &3 2o
ARE AARIeR SR, wokd 4% 2@, 04 28
7 o] A Aefol dig A&H U] ¥ A
$7 iR gelez A4 £3d voled 7zste] ¥
A 7Hed o MEE vy dFste A2 FRsA(12] At
e 2EY dolEe] fE ojHE Yu WHE HATS
2 3esty 17 oMEMAN #HA oMlER AE WEHY
o TEE A BA TE Aldse e gnigle AR
A THE gatey ol AAL [dneF 36]7 #oh.

Input : A2 dloJeiue]~ DB(TRS), HA AAL
Miup
Output : 13} #A 73 dlo|ejulo]~ DB(CR)

Call 913 &4 % ¢3n2FHL2AF 35
For <13} &4 A% CERSS <3 #A CER(AB) 1
&9 do {
For Al dolglel~ DB(TRS)E A7+ #A A
2 TRS W3t do
IF (TRS7} 813t 24 CER(AB)) d§ A#AxE
%3 then
CER(A,B)2] AAX Sup(CER(AB)) %71 }
Sup(CER(A,B))
Sup(TRS) b HiEn
12} #/A CER(AB)Z 3t A 3 dio]g{we]
2 DB(CR)*] #7}}

IF (M,,, <

[(¥D2|F 36] 21t 1A 73 A

At gl A BA MA@z [2elM 9 el Allen
Aol 712% 73 HEe REFS AAPG A F
W Al BA A AT Al A ol de] oJHES Ateldf &
Aahe Ao dA FHY FHYS ¥AIch: A Ay
313 24,

A7 3.1 A BA AFEEE A A e oHES AL
oo EAGE <3} BA FH9) AHAE g

(F) At e A oW Ee] 7|23 AL %A
AE2E FHRete A #A 73S gAg F9EE 4
dto] Q3 #AIZE EAHEe F o9 A o|WE A% B
of g Azt #A AlWA A<KB<A<B 9 A<KB<B<A
g 7H4sRL 5 e e oMl E Alolo Exjshe Sl
A AL FR AFA FHGle] Maste] R ojwE
A7} Foll 2AF o|WE Bo| P} F& & F Ak Al
ob while] Al @A ARz ME o|flE Bo] A& Ay
BRr} oflE A9l Az Ald A7F Adsoz Ak uhy
o [gue]F 35]9 Case2el we} 13} 34 CER(AB)E
BhALghT)
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F ool 9 ojqEe] <HY oWlE 7t F7tHY
A<BLC £AZ 2AEE AS 24 /A5 A3 #A 74
& the 2k A, oME A%t B 7 oHd oHE (¢
7 2AEe A4S BN, A F5 § B £ olde O
Aste AS AA, A B £8 F C7F @48 A92 o
FolAnk, A W Aol Aot He AL BA AE2
AKB<C<A<KB<KCE T4 wea oHlE Co A
A AA C'9) prefixel o|WlE AF AH AT, B7l EAd=
2 [¢32]%E 3519 Case 20] wet 17 A CER(AB.C)
2 2AlEtd oldlE C Ao oJWE ASt B7t A HF
2 E& ou|dth F AA A5 A WwHe AL BA
Af2 AKB<KA<CKB<CE A% mes odE
Cel prefixe]l o|HE T8 AR A7 EASER [dnddF:
3519] Case 19 wtzt 23t BA CER(A,C)E BAR) &
3 ollE (o] Al AlF C'Y prefixell o|HIE Az} A|A
B'7t EAsteg [¢3Z 3519 Case 2o wet ¢l #
A CER(B,C)E BAI3Y, o= oJWE C T4Ale] o[HlE A
9} B7t 77t SYAH o2 4FE ulFA L Y|t A #A
A4Sl Aot wdHe Az BA AEA A<KB<A<B
KOC<CE FARY dEbA oME €9 AlF AlF C9
prefixel] o|WlE F& AH A, B7l EAslnz [dngdF
35]9] Case 1ol we} st #A) CER(A,C)$ CER(B,C)E
gatsly ol olWlE C Ael o|WE A8} Brt 77t B
Aoz Fgs nFg gugd.

At W F 79 Qe ojHE Tt EXFE A
B4 R 2 UEE o|HET} FriHe] FhHok A
b BA ARz x3E ojWE w4 AEF F8 ANEE
Abgate] o|dlE wAlel i AF HAE HYIA BAY
o2 gatg 3 #A 3 AEAHE BT

4. 45 87t

A% PEe U-Healthl 4 4 tiael 8 5 e 58
oMETHE AEde] MMM AW AFs oWE @
4 AG B FR A6l s U A oldE e
ge} Azt BA AAAE TEH A% A FHE A
e,

A WEL (13104 AFsHE 4B sHbiomedical)
#9g dolguolx 4E F A4 4¥B 4F uE A
g3l A%e Frhath AU BN YA AAGA
=4 Rojo] g3 A% 4R RR ML 4¥H 4B
2 22 A% 712 Aotk A el Y5 Prhe
[3l14 AZsHe 482 28] de 9% I A5 Py
of Wet 4 A9 FAxe] BF RR AelE 4TS A4
th 7t 2dz¥E BAsA TAse u44HY RRo
DAL njshe o4 olWE WA H&L (19 6)F 2o

(19 61 S 1, FAx 2, Fdx 32 2 2869,
200, 204 9] WAl thste] 24A7F B¢ FPE 1257
Aol RR QB olfle Ruol ojg o4 olWE WAl §)

Normal .vs. Abnormal

09

08 -

0v7 i

06 | 3

05 ' X ' % Abnormnal
04—\ ] SNomal
03

0z

o1

Classl Class2 Class2

(T8 6) OlY OHIE Wil HIZ

&2 HoFuh (a9 6)3 Zo| #Ae Rad AME T

A= diE RR UHE oHE FRE R &
o] A el oig oJWE(IH 64 Normal 49%)
olr] oA oWl E(2Y 62 Abnormal F¢) WA H &L of
+ 9S4 ¢ gt 2EY dojE ALY BHAA F
A== A4 oMEE 1HFd FHE HAste 681 2
& 7|& AFE (29 6)¢] Abnormal 9%¥# Normal ¥
9] BE o[HIEE MuE Hf3te] HstA T A¢ i
(19 6)¢] Abnormal 9%¢] o4 o|METE Adatoq A
ey Aestnz AAMdA AHZ dFdte dele g
Az v84g 43 ¢ Aok

At Wy oWlE HH ®HE fgdde] FHE AT
DA NA2E AMESH AR 73S BARE Az #A
Adze 23 oWE WA AT FE AP 7|28
A A e)de] oMES Alold WASE AT FEHY HE
e AASY 48L flse 379 AANA B AEE
F3a e BAAA 30008 BAAA TAHEE o|HE
g AAso Ay 48 2% BT o2 9 138009
Nel ey A A Holed 2 F (2™ DI 2l
Allen A3t=te] <led #AA 9 sl FH(overlap) &
Al olste] A 253 <17 BA FH AR oWIE
A4 A o} oHE Q13 AAG o mEt <E 2>9%
Zo] st

(% 2) =2Z5 olat 2H| 73

o AR ¥ L AR #
3 20 4 41
3 o
a 5 kY] o 5 47
E:| 6 R:¢) E: | 6 51
(8) 7 51 (4) 7 58
8 52 8 58

<E DE HE A& dA% 0 EE oHE U 94
% £ ARASE A BwA ANd29 dost FrpHER
Adzd TREE oWE 7 BopAEz FdHoz B
S5 s} #A 73 LA NEst FATE HejEh A



e AIZE #A NR2E FHEe] g 31F o] Y
sHA Q3 A FHE SR F 29 2L 7)€Y o
TN EAlEhe AHYE FERELS <E 2>9 Zo] ¥4 7}
58 25 A3 #A 78& ¥eeln AT Ak why
& AL A ARAE AMESte] FAtE lF B4 739
A BAEc

5 HE U ¥¥ Hy

o] &f2 U-Healtheld o|dlE &) #H3tE uald A
Zt vhol g 7!%9- AtstAh A HHES AMe Auz

o] dlojg HEE HAs e a1 A4 FHE e
U ojulEe| Hla}ci AgjA o2 g urrl dolk ojn)
A olWES dig A #A AL BAE] HEo A
Mo $8 oMEDS AHE dg3d £3 o] =82 4
Ae] olHIE 3 AR whil o] 71| o[HE AeE A9
81 o|WIE & oo} oHE WMo qPL & & Qe
olMIEE AAsl o|HEE Alold &5 U3 B4 7
AL gl A7 BA AR2E FEEY A BA
o] R3ee AAGCEN HHAHS BRI BAlE F
A& gz siQlY e AR (o|WE)7F Exje) due] o]A
A A ARZ F& H5Ee o2 AbEste iy 7}
B AF 4EE vlE dEFsa Av A, #x Y5 A
o Ropo]l A& shwEich FF AT dEgor 98
7ke] AEE wol U-Healthold 2tk ¢mjgle 9l
A 2A BHe d3E A R dojgd HEsod Al
2o A4S #Eenz .
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