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B =rollis A Aol AxHleA] 3o s AWS st 4~ 9= RDMS(Rough Set Theory based
Disease Monitoring System)<- #|3}glc}. RDMS+ DCM(Data Collection Module), RDRGM(RST based Disease
Rule Generation Module), HMM(Healthcare Monitoring Module) 2 A%t} DCM-2 nvlo] A 2 HE] $kx}e]
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ABSTRACT

This paper proposes the RDMS(Rough Set Theory based Disease Monitoring System) which efficiently manages
diseases in Healthcare System. The RDMS is made up of DCM(Data Collection Module), RDRGM(RST based
Disease Rules Generation Module), and HMM(Healthcare Monitoring Module). The DCM collects bio-metric
informations from bio sensor of patient and stores it in RDMS DB according to the processing procedure of
data. The RDRGM generates disease rules using the core of RST and the support of attributes. The HMM
predicts a patient’s disease by analyzing not only the risk quotient but also that of complications on the patient’s
disease by using the collected patient’s information by DCM and transfers a visualized patient’s information to a
patient, a family doctor, etc according to a patient’s risk quotient. Also the HMM predicts the patient’s disease
by comparing and analyzing a patient’s medical information, a current patient’s health condition, and a patient’s
family history according to the rules generated by RDRGM and can provide the Patient-Customized Medical

Service and the medical information with the prediction result rapidly and reliably.
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Fig. 1. Rough Set Theory
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Fig. 2. Ubiquitous Healthcare System using Bio-shirts
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Fig. 4. The flowchart of RDMS

3.1. Data Collection Module 437

RDMS<?| DCM(Data Collection Module)<> H}o]
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Fig. 5. Format of patient information and sensor data
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Table 1. The kind of sensor data on each disease

Dise .
ase BIO' Sensor Data ECG|EEG Blood BP
N /Disease Name sugar
0.
M ial
000 |, y ocardia 0
infarction
010 Epilepsy o
011 Diabetes (0]
100 Heart(angiographic) | O (0] (0]
101 Hypoglycemia (6]
110 Hypertension o
111 Hypotension (0]

*ECG: electrocardiogram, EEG:electroencephalogram,
BP: Blood Pressure
3.2. RST based Disease Rule Generation
Module 447
B =ollx AIgksl= RDRGM(RST  based
Disease Rule Generation Module)> RSTE ©]&-3}
of 7} 2ol TR A &S ANl BBRI &
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[1 ©HA]] RDRGM< # 29| ZAA(decision) £
3l Cough®] Z3} Zlell gk $A] {Temperature,
Headache, Nausea} A|A|&S AR} 53]
Nausea 44> THE {Temperature, Headache} <l
vlsl] A4 £Ado] "yes”?l 73-%-2] Support(yes) =
4/8, Support(no)=4/8= B-EMIz F7] EAlo|
S R kAL

[2 ©H]] RDRGM-2 & 294 44 {Nowsea} =
Aelgt AR do]E-S o]&3le] AHe] Erlsdt
#1gkel INDE zh=t)

IND({temperature, Headache, Cough})

={{1,4,7,14},12,8},{3,9,15},{5},{10,11,13},{6},{ 12} }

I 2. AR Ho|E
Table 2. Information Table
. Conditional Attributes Aﬁ%ﬁgn
ase
Temperatur| Heada Nausea Cough
e che
1 high yes yes yes
2 very high yes yes yes
3 high no no o
4 high yes yes yes
5 normal yes no yes
6 normal no yes o
7 high yes o yes
8 very high yes no yes
9 high no yes o
10 normal yes no o
11 normal yes ves o
12 high o yes yes
13 normal ves ves o
14 high ves o ves
15 high no o o
[3 ©Hl] RDRGMS &kt A} A3k} Akgk 2
A}F #31gHS #bo} boundary 39 FgS 3l o]
o), A SAZES 25 dXsA|q, AR SAIgE
o] Tk {(3,9,15),{1211¢} {15),110,11,13}} 5 %

ohdict. o] 7 k2 kg ARkl EJFEA] oA
ARE ARkl EFHEICE oehA
Region(BR)-> vt} 2l

Cough”} Yes’l 73-%-Ad2AM -3k -2AM &

={1,2,4,5,7,8,12,14}-{1,2,4,7,8,14} ={5,12}

Cough”} No’l 7-9~ AghARd §k-sl2A Ml &

={3,6,9,10,11,13,15}-{6}={3,9,10,11,13,15}

[4 <] RDRGM< 2 wHAle} 3 =HA|e] Azt
< olg3te] 7+ £ et reductE: TRk o,
271 SA%ke] o AR HA%ke] o {{3,9,15),
{12} {{5},{10,11,13}}2 A7) 2, 35HA|2] 2
I 3kl IND(C)°1V1 <4 7‘01 22 A gl g
7Rt FE31] reducts 7Rkl 3 32 RDRGME]
reductdt A=} 3hS Ak Ao|ch

Boundary

E 3. %4 {Temperature, Headache} ol T} reduct 2=}
Table 3. The reduct result of attributes {Temperature,
Headache}

.. . Decision
Conditional Attributes Attribute
Case Temperat
d Headache Cough
ure
1 high yes yes
2 very high yes yes
6 normal no no
[5 7] RDRGM-> reduct?] wA43He o}

cores gt} ke SAdo] 37) oAkl 9ol
7Rl EAdell Wit reduct A7t 37071 A=

3709 reduct 23} kol H3F wAlsre] core”) F
oo el AR Al 3el 44 ol
decision £AJel HgF x| x]go] BHEE £HA1S- A
913 2708] 499 Sl reduet shsick A
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2~ o)
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RDRGM< 4514 reduct®] A} zral E 39
{1,2,6}°] o7} =Ha, Fole] £A49] Ji= 270
S & 9k
[6 =] RDRGM-> Foje| &4 7lipel| w2}
root =5 AlEgich & Fele] £Ae] 17Hel A
FolE FER AHsla, Folo] HAo] EH
7H°] A, Zolel EldEe SEEY ARE
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$E FE xEE Y :l'r/]r
RDRGM-E F0]2] &Alo] og] 7fjo|BPE 3 44
Aol gk XV]EE‘ Aikstar, £l
gk 22 go| 71 =2 £4-S Decision Tree2]
E g XA}t & £A {Headache} 7} +

F 4. Fojs} Fo] FA49] AAE
Table 4. Core and support of Core attributes
Decisi
Conditional Attributes ec.1s1on
Case Attribute
Temperature Headache Cough
1 high yes yes
2 very high yes yes
6 normal no no
high-1/3,
support | very high-1/3 | yes-2/3, no-1/3
normal-1/3

N U
wbilte A sl AResg dee. o)
U 1:-] o]/Kol- %}]6‘1— 5 9l 7:1;(45:%40] 73;(4QU
B2 F83lth = F 244 A {Headache,
Nowsea} 5 A&t vpqx] ZAdol| thgl reductS AJ
Agict 2 =l AAGE el AREe]
%4 {Nowsea} & AloJgt F 7fe] &AIRES o] 83}
B2 2FAHO 2 Temperature”} Headache®] =}
ASh=bd R =Y

2 =rolA Algkgk RDRGMoIlA A4t A
2% T3(RDRGM rules)?} C4.5 <ae]E!oz
AE W AR F2(C4.5 rules)S AE|s|E,
3 59 2k
¥ 5. C45 <&} RDRGME] A¥ A4 F3E

Table 5. The disease decision rules of C4.5 algorithm
and RDRGM

Rule | if (Temperature=high) and (Headache
1 [=yes) then (Cough=yes)(100%)

Rule | if (Temperature=high) and (Headache
Cc4.5 2 |=no) then (Cough=no) (75%)

Rules | Rule | if (Temperature=very high) then
3 |(Cough=yes)(100%)

Rule | if (Temperature=normal) then
4 |(Cough=no) (80%)

Rule | if (Headache=yes) and (Temperature=
1 |very high) then (Cough=yes)(100%)
RDRGM | Rule | if (Headache=yes) and (Temperature=

Rules 2 |high) then (Cough=yes)(100%)
Rule | if (Headache=no) and (Temperature=
3 |normal) then (Cough=n0)(100%)

3 59 AES A ER, RDRGMel ©J3)] A
AE 317 37 25 100% 8] vbHel] 4.5 S
of o8l AAH 7 Fell H 2= 75%, 1 4
= 80% Y-S & T Slck w}ﬂw RDRGMei| 2|5}
Axl qtFe] o AHEsicla & 4 Ak

f
[o

o
N

3.3. Healthcare Monitoring Module 34|

RDMS®] HMM(Healthcare Monitoring Module)
2 DCMe] 313k Ho|e & AAztez AHAF 7%
2o} vlaste] gxpe] AelE WAska, EAke] A
g7} fgsicta s SxjellA| el HAIA
= AR 2=a wARAE 3L 2] el
Adiey =3h, RDMSS] do[E{Ho]ie] 7154
deleiE Azt WA, A2, Slsle S
25, 32} ID(P-Identifien)® Y W 7124
ko] 913 aaw At ARl gk dlo]
Ble} 3 FHsleE AR,

I3 62> HMM®| &) digh A=l 585
dm3k Zlo]dt

| Sensor Data ‘ ‘ Patient Information ‘

[ t
!

| Analysis Risk quotient | ‘ Analysis complication

>=90%
match

Disease
Rules

=100% match

Risk quotient

<0.4

W
q

Drop ‘ SaveLow_risk.DB ‘ l
Data ‘ Notification

Disease management|
Information

Risk Caution
Message

Message
@ Disease
prediction
9 -

h
%
B

a2l 6. HMMS] 38%
Fig. 6. The flowchart of HMM
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T5 AFEshe vlEe] A
Hlo] 55 o]-83fe] Ao
. b B =FellMdE X 6()et 3 6(b)A
A dAFHlo] B AR FElo] S AP
al

|5 S0 Pxrel A%, AAle] b g9
A= 70mg/dL~100mg/dL FEolm, A4} GO

s AFBdE 120mg/dL o] Ao
e ZoE odEA ik &, o] WE
A5 Wedel 2 i Zvks vbA
g7} 126mg/dLelil, A 24
200mg/dLol, PS5 Aol =
200mg/dLo|4+e] o] w3 Aehe Fhel!>He],
2 =relds AEAEAD A £ 6(a)C]
A A A Eo] Bol] AAE ] Q= FEHT Hrp]
T 126mg/dLeld, A A A
100-140mg/dL, ¥ 7|53k 200mg/dLelAl, A
o 7153k 60mg/dLolslS 7|50 R $kxle] do]E]
o} wlwsle] Fxpe] s el oE|la o
Sl tigl S A & 6(b)ollA] AdmEtar
e dw, s, AldabAst ARk -85
]_ 2~ =2

5% olgale] way WAl i

e
ffo
5
X

E 6. @u3le] of|(Disease No=011)

Table 6. The example of diabetes

(a) The critical value of diabetes in the disease critical
table

Di Blood Fasting | High blood | Hypoglycemia
sugar | blood sugar | sugar(>=) =)
Diabetes | 100-140 126 200 60

(b) The risk quotient of diabetes in the disease risk
quotient table.

Sensor Blood . . ST
Data/Disease | sugar BP | Cardiovascular | Kidneys depression
Diabetes 05 |02 0.2 0.05 0.05

5, @it

[t

Q1 Aol deldE Ablal, @471 05 ol
ARl 745 D] Aol WS} A7 Ao w
slel 43 WlAAE Al BAe] HolelE &

FAE 9 FA o) 18] ARk Teln 9194
S7h 08oal A% b SERE Aelek W
slol Fjel ey dlolE ERF S NAAE
AAZES 2 A%FES AR

3.3.2. OAIX] 4y

HMM 9184 4 Al digk o= w4
2 & S vARE 23 79 WAA] FERE A
Aste] F219 me SFAlE] AdRi) ol o
2 WA]A)= m_Identifier ol “007S A3},
23 WAA = m_Identifier Dol “017S A

o

|TimeStamp | P_Identifier ‘ m_ldentifier | Disease_No ‘ Sensor_Data | Risk_quotient ‘

| Sensorl ‘ Datal ‘ Sensor2 ‘ Data2 ‘ ‘

S8 7. WA A
Fig. 7. The message
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A5 AR} a2la o 13 A dF
ARk HE] gxke) AElE AlEH R 549
T SaAlEel] ARl

3.3.3. Hiolg] 22

HMM2- 31 dloleje] 93 A= 24 Az}
o e} doleE A&Her e AglA| mi=
dlo]e] & A Z9IA] S Ftsle] RDMS DB &
e AoksleE AR,

HMM?®] dlole] ] 3 ohg3} il

[++% 1] HMM=2 918 A7) 05017 79
B o WS AR, 93 A5t 05 o]
2l dlelel= $3rRisk) HlolE #AHzck
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(High_risk) ®lo]E<l x#ghc}

[7F3 2] HMM= 918 #5727} 0.5 vwRbe]aL 0.4
o|4kal dlo|E]:= RDMS DB #1937 (Low_risk)
o] Eell ARkt

[7F3 2-11 1A HolEel] A= dd 3x}e]
A3 A7h 226l 0.050143 WstgiebH A |
o] &2 HloJElE I3 Hlo|ERE o] FAIch

[7F3 2-2] 1A HolEe] A= i 3=}
A3 Age] W) glow, ko] A7) okt
Aoz dAuksto] 23T wHlo]BollA] dlo|elE At
A gkt

3.3.4. Y o|F A

HMM 418 gte] A 3.2} RDRGMell4] A
AR Ay e AE5A ﬂXH AWS st

[1 =] AY o= glauke 3ixle] Anse}
RDRCMoi|A AJAdgh A% 3]

[3 T olwl, AY & ZEe x| Al
AFsicta detEH, $xke] F29] e -S54l
o gx}e] ARE Hdghc)

[4 2HA] AY A5 FR}elA] SHAEE A
3 5 us A A, AWS AL 2ks)
A7 4= Q)& Therapy 55 HAE3ich

3 3 5 A|7l-§ A-I I

HMM-L 38 31x10] ARl gt 4%
#2p e FALeA Adsteke ARE a1 83
o] Adsles AL &, AlA xerh 3
gxpe]  AA AHRi= RDMS DBel AA =,
RDMS Aol BEuE RS 13 APIE 743}
a5 AAdstal, RDMS Aujel] Al&she 53]
PC T RHld A= o HTMLS o= 2AJ%l
g oAz AR T =E a9 8()AH ¥
== AARL =3 A Ao BUEE EEo]
& kel Aol w27 8(b),(c)9k 2ol &
Hel AR, &5 wAA S Adskes AR

i

ol

HI

Gil-Dong Hong, Blood sugar
- Before Breakfast, After Dinner
- Period : 2013.09.21~2013.09.30

2013.09.22 07:35
Gil-Dong Hong Motice Message
-Dizease - Diabetes, Cardiopathy
Blood Sugar -Date : 2013.09.22
200 -Time: 07:35
n -Blood Sugar : 216
250 ]
\ -Risk quotient :0.7
200 \
150 / \//
100 & [
0
102 23 14 5 % BB B W
oay

Fasting blood glucose level is higher
than the reference value.
Please be careful

(a) Blood sugar (b) Notice Message

2013.09.24 22:10

Gil-Dong Hong Emergency Message
- Disease : Diabetes, Cardiopathy

- Date : 2013.09.24

- Time: 22:09

- Blood Sugar: 340

- blood pressure : 165

- Risk quotient : 0.9

Blood sugar and blood pressure is
very high.

You must give an Insulin or undergo
medical treatment to visit the nearest
hospital

(c) Emergency message
a3 8 A4t AA
Fig. 8. Visualization design

|\

4.1. X [+EA

B =ollA] Aokt HMME] $13A|EA o o
3 Al3lgo|E]l= Heart Disease'®'S o]-g3}ich
Heart Disease= Z2A45AS £33t 14719 &4
o FAFe] glon, Sl tigt A & 7o
A1 Adrgdsiar gl

o] AF dlolel= F 270719] dHlelH = ?‘”E]O
om, B =rellas o] AR dlelye] 5
A6 F o185l Sads ek, thy
A% lad), -+E5(al0), AL @a14)2] 54
olgslol S1HATE AESEE shich

E 7. %9 A9 A8 dole] 44953 3k
Table 7. The attr1butes and values of patient’s risk
quotient experiment data

Field L

Name Description Data Ranges
al |age
a2 [sex 1=male, O=female
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1=typical angina,
2=atypical angina
3=non-angina pain,
4=asymptomatic

a3 |chest pain type

a4 |blood pressure

serum cholestoral
in mg/dL

a6 |fasting blood sugar |>=120

O=normal, 1=abnormality
2=left ventricular
hypertrophy

a5

a7 |ECG results

a8 |maximum heart rate

exercise induced _ _

a9 . 0O=no, l=yes
angina

al0 |[ST depression

the slope of ST

1=upsloping, 2=flat

all segment 3=downsloping
al2 number of major
vessels
3=normal, 6=fixed defect,
al3 | thal 7=reversable defect
al4 |Class 1=absence 2=presence

1 A3y, HMMO] 3A|5EA A= ohsat
e},

A5, 27099 B} Folld FHALFAE 120
ol 402 FurEatE kst

S, 409 3 T} FoA THF Bk
157, ARARDAE 179, $2FAE 20398
wajode)

AA, S Sl W AR A
3 83} 2ol A=At

fr

¥ 8. A A3
Tab

able 8. The result of risk quotient analysis

Diseases
High | Heart | ST Risk
BP |disease|depression |quotient
©02)| 02) | (0.0

No|diabetes Patient| Message

©0.5)

O O O 0.95 5
0.9 5

Emergency

075 | 10
075 | 13
0.7 15
0.7 17
055 | 20
0.5 40

Notice

X|x|x|O|x|O|O
X|O|x|x|O|O]|x

o (| |n|s L[|~
O|O0|0|0|0|0|0

O
O
x
O
x
O
x
x
:LF/’ 9 % 89] -‘H@X]—’Fﬁr Fxpl el gk A

XLE Xd% Ml %a‘u A2 = 11570] 13]

Emergency message

1.0 - - 45

09 N Notice message EmRisk quotient

’ —@—patient r 40

0.8 - L

0 ¥ / 35 o

' - 30 g
< 06 - 1 1 1
5 25 2
S 05 - e B B B Q
3 “20 2
= 04 gl T - B
o 0z - B 15 S.r'

02 W A - 10

0.1 -l BN - Y

0.0 - T T T T T T 0

1 2 3 4 5 6 7 8

28l 9. A ¥4 23
Fig. 9. The result of risk quotient analysis

4.2, HHAEEN

B =ollA AQ¥Ek RDRGME] AHqrE A8
dlo|EJ= Wisconsin Diagnostic Breast Cancer
(WDBC)2] Breast Cancer''E o]g4slgith % 9=
B =Fo] A3 A8% dlo]e] Breast Cancer?
295 AR g3 7F 24950 2l e A

rdel

> r

o u

9. 4 A3 delele 453 7
Table 9. The attributes and values of rule experiment
data

Field
Descripti Data R
Name escription ata Ranges
al |clump thickness 1-10

a2  |Uniformity of cell size 1-10
a3 |Uniformity of cell shape |1-10

a4  |Marginal Adhesion 1-10
a5 |Single Epithlial cell size |1-10
a6 |Bare Nuceli 1-10
a7 |Bland Chomatin 1-10
a8 |Normal Nucleoli 1-10
a9 |Mitoses 1-10
d |Class b(benign),
m(malignant)

o] Al§] d|o]E]= benign®]| 4587, malignant”}
241702 F 69970 = A=l slent, o5 1671
dlo|E{7} missing attribute values ZFil il
oA missing attribute values ZH= dlo]E]
16705 AA170 6837H2] dHlole] FollA] MElsHA
100712] dlolelE FZ3}9]x, RDRCM3} C4.5 &
IBFS o83t AWAES STk 183
olgA A% AHGF2E2 missing attribute value
= zZ= Holy 1671 Al9AIZ] 683719] dlo]E <]l
HEAA AErs Fr7skaich
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% 102 A5dsA FE3 100702 dlole]E o]
%5}04 C4s5due]Eat B =welx ARk
RDRGMell J&f A=l 5719] 3 Eelc). o] 570
o] 52 10070¢] dlelejel]l HEAIA AHE=s 3
71t Az Awr) 5700 73 FollA c45
rule 1> 98%, RDRGM rule 5= 93%, 12|31 1}
M2 A5 100% %2 HeRdth ® 112 & 109
TEES 683709 dlolEe] AHEAIA AH=E 3
7ker Axza A7} RDRGMe| 91.80% =
89.36% <21 C4.5HT} &3 ZoF veprt e}
] B =Hol4] Agkst RDRGMo] 7|&2] C4.58.
o} $slcha & 4= glck

E 10, 4 FHE
Table 10. The disease rules
Rule
1
Rule | if (a6>1.5 and a3<1.5) then
2 |(d=b)(100%)
C4.5 Rule | if (a6>1.5 and a3>=1.5 and al<5.5
rules 3 |and a6<9) then (d=b)(100%)
Rule | if (a6>1.5 and a3>=1.5 and al<5.5
4 |and a6>=9) then (d=m)(100%)
Rule | if (a6>1.5 and a3>=1.5 and
5 |al>=5.5) then (d=m)(100%)
Rule | if (a2<=1 and al<=5) then (d=b)

if (a6<1.5) then (d=b)(98%)

1 [(100%)
Rule | if (a2<=1 and al>5) then (d=m)
2 {(100%)

RDRGM | Rule | if (a2>1 and a3<3 and a6<5) then
rules 3 |(d=b)(100%)

Rule | if (a2>1 and a3<3 and a6>=5) then
4 |(d=m) (100%)

Rule | if (a2>1 and a3>=3) then (d=m)
5 193%)

E 11. RDRGM¥} C4.5 de|&e] AHYgx v
Table 11. The accuracy comparison of RDRGM and
C4.5 Algorithm

Method | (5 RDRGM
Accuracy
Accuracy(%) 89.36% 91.80%
V.8 B

2 = g AloJ X 2~Elo| 4] Rough Set
Theory S ol-slo] l=% olmaul st A
= A& 4 2= Rough Set Theory 7]HF 2H]
zujEfe) A)5lel RDMSE Aekskeirh. RDMSE

DCM, RDRGM, 12|72 HMM=E A%t}

DCM-> Hpo| Al ZRE AlAA, oA, <A
A, A, Al et dloje|e} Fkxle] zlH e
gt A _H;_ 2 32} 71548 %%le] RDMS DB
= AAEICE oldl, DCM-2 do]E] 9]
e %ﬁ}l dHE gxke] AR} 3§
= ooy dHlolg]elA®E  Felsled RDMS
DB 1 Ao Zn HMME A8As 4 A3
S5 A 5 sl

RDRGM—S— 7y S AR FA7Ee] ARES
=1y

ﬂl

-‘?E *E*é?‘f& AR Hel A4S FAIFCh
HMM-<S DCMo©| %@?‘f& dlolelg AlAZEe R
A2y 71ER9f vlaLste] 3k 2 S
ez AdAsldrl 53 H?‘éﬂ%ﬁrﬁ% EA Ay
o gk /A B & SRS 24 Ay
o wel d=IwAIx] e} AR E FRpe} F2]9
NA 13] e Aoz Adgtozn] gxje] A
s e sigich. =3k HMMS 3o A4
o uje} A A} 22X 5 9= SFFut
He dEFoEA Eolo AluE vidddd WA
T 91.2n], RDRGM®| A3 Af21s 8310
gxte] W, g} 715y 59 ?4119} A=5sle] 3
7k AS e JHIEEE  oEAR|aE

°
A 5 gk

_1
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