i 13-38C-12-02 BB 4] 83 =54 (J-KICS) *13-12 Vol.38C No.12
http://dx.doi.org/10.7840/kics.2013.38C.12.1095

X AlolE $13 RDMS 24
ol W W, A4 &3

Design of Rough Set Theory Based Disease Monitoring System
for Healthcare
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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
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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. 4. The flowchart of RDMS
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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
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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
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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

SR I A Tz]sl 7k &4 Fhell oisl
ANE oA wbESie] AR eE AEigie) e
3T ol BRI ¢ gla, AAESAe] A=
BXE 83k}t & # 204 A [Headache,
Nowsea} 5 A&t vpqx] ZAdol| thgl reductS AJ
A} 2 w=mellA] AARE CAls AR Ee] B
%4 {Nowsea} & AloJgt F 7fe] &AIRES o] 83}
B2 2FAHO 2 Temperature”} Headache®] =}
ASh=bd R =Y

B =roll4 Algkel RDRGMellA AJAdgh =g
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AE W AR F2(C4.5 rules)S AE|s|E,
3 59 2k
E 5. C4.5 <1853 RDRGM®| AW A4 135

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% o o sk w}ﬂw RDRGMei| 2|5}
q

SRS
A FHe] o Az & 4 9lek

f
[o

o
N

3.3. Healthcare Monitoring Module 34|

RDMS®] HMM(Healthcare Monitoring Module)
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Fig. 6. The flowchart of HMM
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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
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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
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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
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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
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Fig. 9. The result of risk quotient analysis
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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
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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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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
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