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Analysis of time-series medical data based on similarity of
convex/concave structure of sequences

Shoji Hirano Xiaoguang Sun Shusaku Tsumoto
Department of Medical Informatics, Shimane Medical University

Abstract: This paper presents a method for analyzing time-series data on laboratory exam-
inations based on the phase-constraint multiscale matching and rough clustering. Multiscale
matching compares two subsequences throughout various scales of view. It has an advantage
of preserving connectivity of subsequences even if the subsequences are represented at different
scales. Rough clustering groups up objects according not to the topographic measures such as
the center or deviance of objects in a cluster but to the relative similarity and indiscernibility
of objects. We use multiscale matching to obtain similarity of sequences and rough clustering
to cluster the sequences according to the obtained similarity. We slightly modified dissimi-
larity measure in multiscale matching so that it suppresses excessive shift of the phase that
causes incorrect matching results. Experimental results on the hepatitis dataset show that
the proposed method successfully clustered similar sequences into an independent cluster, and
that correspondence of subsequences are also successfully captured.
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Figure 1: Multiscale matching.
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Figure 2: Rough clustering.

goooooboboboboboobobobo
gobooobbooboooobooobooon
O0000o0Do0oooooooooooooo 9
googoboogon

22 0OJO0O0OOOOOd

goobboobboobbboobbooobooboo
gbodoooboobobobobobbooboooo
k-means [10]0 EM algorithm [11]0 CLIQUE [12]0
CURE [13]0 BIRCH [14/ 00000000000
goooboobbobbooooboooooog
goobbboooboobooooboooboog
gooobboooobooooboboboooooog
goooobboobobbooobbooooog
gooobooooboooobooooooooog
goobboobboobbboobboobooboo
gooooobobbobbooooboooooboog
goobboobboobbboobboobooboo
O00D0000ooDoooooUuooo 15000
gogobbooobbooobbooboooooog
gogobboboooboobboooboooobooboog
goooobooooog
gobboooboooooobooooood
gogoobboooobooooboooooooog
godoodoouoooooooooooooooo
gooooboobbooooobooboog
gogobbooobbooobboooboooo
goooooooooooobboboboobobn
gogoog200o0goboooooboooooog
goobboboooooobooooobooooog
gooooboboooog
gooobooooooooooboooooood
00o0o000o0oooooU #£#¢00000000
oo0o0ooooXxXgouvooooooooouod
0o0o0oDbboOoobo ROOUODOOOODDOOO

00000 X000 U/R = {Xy,Xs,.. X} OO
good
)X, CUX; #¢ for any i,
2X;NX,;=¢ for any 1, 7,

(3) Ui=1,2,...7m X, =U.

ooooooboob0 x;boooooooogouo
OObD RrROODOODOOOOOOODDOOOODOODOO
xeU000 ROODOODO [#]g00000O0OD0
oooooooooobooooo pPcCcRrROOOO
000000000 0ooooooU IND®P)O

0630


研究会Temp 
－63－


gboooboooboobooon

IND(P) = () IND(R)
ReP

00000000000()0000000000
(2)0000000000002000000000
0000 200000000000000 1000
00000000000000000000000
0000000000000000000R000
0000000000 U = {z1,22,...,a,} 000
000002, 00000000 R,O00000OC0
ooooo

R; = {{P;},{U — Pi}}

P, = {$J| 5($i,$j) > Si}, V$j cU

U000 pRU0O,000000D000O00O00O0O0OO
OO0 sO000 S, 000000000000000
googboobsOobbooobooboooaon
gooooboo2000000000000000
goooooo s;cooo0o0oooooooooo
gooooboooooooooboboboooo
00000000000 0o0UoOoU/INDR) O
U000 Xx;000o0oooobo 20000000
goooboooooobobobooobooooo
oooooooooo s, 000poooooooon
googoboooboboboobboobboobobo200
goooobogobbo1o0bggooooan
gooooobobobobooboobboooo
oooooooooboboboo4b0000O0 300
googooboooooboo

200000000 100000000000
gooooobobobobooboobobboo
gooobooboooobobooooobooboo
U0z 0z, 00000000000000000O
gbooboboooboboboboogoyooo
googobooon

U]
1
(@i, z5) = ] > Ok (wi, ;)
k=1

1
O (i, ;) ={ 0

0000[x]e 00000 R,O000 ;0000
00000000000000000000 00
00000000000000000000000
0D0000000000000000000000
0D000000000000000000 R, 00
00000000000000000000000
0000000000000000000 R,00
00000000000000000000000
0O00oo00ooon

R’IL = {{P'L'I}a {U - Pil}}
P,L-I = {xj|'y(xi,xj) > Th}, V$j ceU

otherwise

;i [zk] Ry, O ([Til Ry N [25]R,) # &

oo, 0o0obobobobobooboobooon
oooooooooooooboooooonD 1, 0
gboobooooooooobobooooobooDo
gooooboobooooboobooooooooo
00 U/INDR)OODOODOO 20000020
ooooooooboooboooooogo 400 2
googobooboob200b000000000
gooboboobooooboobooooooooo
googo

3 Loog

00000000000000000000000
GPTOOOOO0O0O000O000000O000O000
00000000000000000000000
00000000000000000000000
00000000000000000000 200
00000000000000000000000
00000000000000000000000
00000000000000000000000
30000000000000000000000
00000000000000000000000
00000000000000000000010
00000000000000000000000
00000000000000000000000
00000000000000000000010
0oOoooooo
0100000000000000000000
00000000000000000000000
0000000000 (s(4,B) =s(B,A)000
00000000000000000000000
00300000000000000000000
00000000000000

00000000000000000000 U/IND(R)

={{1,2,9,11,17,19}, {4,3,8}, {7,14,15}, {10,12,13},
{5}, {6}, {16}, {18}, {20}} 0 YOO DO OOODODO
00000000000000000 ThODOOOO
Th=06000000000000 ThO Th=0.4
00000000 500000000000000
00000300000000000000000
0000000000000 0000000000
0000000000000 000000#1600
00000000000 000000000000
000000000000 00000000000
00000000000000000000000
0ooOooooooooo
0D40000000000000#10000#12
000000000000 00000000000
0000 ¢0 1.000 13500 25000000
00000000000 200000 ¢=1.000
000000000000005000000 0=
3.5,6.0,8.5,11.0013.50 000000000000
00000000000000000000000
00000000000000000000000
0000000000000 0000000000

0640


研究会Temp 
－64－


MLM,(

3

M\_Wm

2

|

12

o MAL_M

.

@AWWM
[N

o

13 17
Figure 3: Test patterns.
Table 1: Similarity of the sequences

[1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
T[1.00 0.70 0.68 0.78 0.00 0.63 0.48 0.71 0.72 0.61 0.73 0.66 0.64 0.72 0.50 0.00 0.53 0.00 0.74 0.45
2 1.00 0.61 0.73 0.00 0.68 0.22 0.46 0.68 0.67 0.72 0.73 0.72 0.68 0.54 0.00 0.68 0.00 0.77 0.41
3 1.00 0.75 0.45 0.51 0.68 0.47 0.71 0.70 0.69 0.73 0.71 0.81 0.68 0.00 0.62 0.00 0.72 0.55
4 1.00 0.00 0.60 0.52 0.47 0.75 0.71 0.64 0.79 0.75 0.82 0.47 0.00 0.60 0.00 0.75 0.48
5 1.00 0.23 0.62 0.49 0.33 0.53 0.44 0.45 0.50 0.44 0.56 0.01 0.00 0.26 0.53 0.30
6 1.00 0.00 0.00 0.59 0.00 0.58 0.39 0.61 0.65 0.00 0.00 0.47 0.00 0.47 0.48
7 1.00 0.49 0.54 0.80 0.57 0.73 0.73 0.59 0.76 0.00 0.00 0.44 0.62 0.39
8 1.00 0.53 0.47 0.57 0.56 0.51 0.49 0.54 0.00 0.00 0.00 0.66 0.51
9 1.00 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.82 0.00 0.00 0.00
10 1.00 0.59 0.83 0.76 0.75 0.81 0.00 0.47 0.11 0.59 0.37
1 1.00 0.76 0.54 0.68 0.00 0.00 0.74 0.00 0.76 0.00
12 1.00 0.81 0.78 0.67 0.00 0.70 0.00 0.63 0.40
13 1.00 0.75 0.00 0.00 0.64 0.00 0.67 0.35
14 1.00 0.00 0.00 0.66 0.00 0.71 0.00
15 1.00 0.00 0.43 0.20 0.55 0.39
16 1.00 0.00 0.00 0.43 0.19
17 1.00 0.00 0.00 0.00
18 1.00 0.39 0.03
19 1.00 0.00
20 1.00
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