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2.2 GPA(Generalized Procrustes Analysis)
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2.2.3 84 PCA(Principal Component Analysis)
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Figure 1. shapes of tree cluster in the raw data
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Figure 2. mean shapes of tree cluster in the raw data

Table 1. Summary of coordinates values by cluster (raw data)
Large Mouse (n=23)
Ty ) T3 Ty Ts Lg Y Yo Y3 Ya Ys Ys
Avg 1327 965 161.1 2272 1674 453 2233 422 1075 1141 1369 1485
SD 13.6 132 6.8 11.0 7.8 8.5 7.7 7.1 7.6 10.3 8.3 10.1
Control Mouse (n=30)
Ty ) s Ly s L Y1 Yo Ys Ya Ys Yo
Avg 1471 1293 823 22.1 84.1 1986 281 2129 1323 1095 99.1 121.8
SD 14.2 21.1 13.9 13.7 12.2 154 8.3 10.0 13.0 15.5 13.0 9.5
Small Mouse (n=23)
Ty ) 3 Ly s Lg Y1 Yo Y3 Yy Ys Ys
Avg 1210 1157 1693 2167 171.1 6514 2202 449 1161 1273 1430 138.6
SD 134 12.8 11.2 134 114 114 11.1 10.0 115 12.9 11.3 11.1
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Figure 3. three shape diagrams of centered data
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Figure 4. mean shapes of tree cluster in the centered data

Table 2. Summary of coordinates values by cluster (centered data)

Large Mouse (n=23)

Ty ) T3 Ly s T Y Y2 Y3 Yy Ys Yo

Avg 57 420 227 889 291 930 946 -85 213 -147 8.1 19.7

SD 103 109 4.1 7.9 3.0 6.3 37 5.7 4 7.7 4.1 10.0
Control Mouse (n=30)

! Ty T3 Ty s Lo Y1 Yo Ys Yy Ys Ys

Avg 365 187 283 885 265 880 -892 957 150 -78 -182 45

SD 9.4 10.8 33 49 4.8 4.0 4.0 3.6 4.0 7.0 35 7.6
Small Mouse (n=23)

Ty Zo Z3 L4 L5 Zg Yi Y2 Y3 Ya Ys Y6

Avg 222 2715 262 73.5 280 -780 88.6 -869 -156 44 11.3 6.9

SD 6.3 6.4 2.1 85 1.9 2.8 2.8 33 2.0 37 25 4.8
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Figure 6. three shape diagrams of Bookstein data
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Table 3. Summary of coordinates values by cluster (Bookstein data)
Large Mouse (n=23)
Ly Lo L3 Ly Ly L Y1 Y Ys Yy Ys Yo
Avg -0.5 0.5 0.08 -002 008 -001 0 0 0.27 0.62 0.28 -0.38
SD 0 0 0.02 0.05 0.01 0.02 0 0 0.03 0.05 0.03 0.04
Control Mouse (n=30)
Ty Lo T3 Ly Ty Zg Y1 Yo Y3 Yy Ys Ys
Avg -0.5 0.5 0.09 0.00 -009  -0.02 0 0 0.29 0.63 0.30 -0.32
SD 0 0 0.02 0.04 0.02 0.02 0 0 0.04 0.04 0.04 0.03
Small Mouse (n=23)
Ty Lo T3 Ly s L Y1 Yo Ys Ya Ys Yo
Avg -0.5 0.5 0.08 0.01 -007  -0.03 0 0 0.29 0.56 0.30 -0.30
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Table 4. Summary of shape variables by cluster (GPA data)

Large Mouse (n=23)

PC3

PC2
5.992
6.849

PC1

csize

rho
0.072

0.155
5.434

4.794

194.3

10.1

Avg
SD

5.805

Control Mouse (n=30)

0.026

PC3

PC2
-2.301
5.702

PC1

csize
192.1
5.7

rho
0.058

0.663

2.104

3.953

Small Mouse (n=23)

Avg
SD

6.103

0.020

PC3

PC2
-2.990

5.578

PC1

csize

rho
0.075

-1.020

2.920
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173.8
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SD
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2274

HA 914,

9

BRI DS

gut Ay 2 FAA7], 28a J4 PC A

il

3

, ol o

2
=4
Pal
l

ZHQl
= GPA

,
s

|
0]

(s

0

5
B o
o oy

H
T:IO]—

g Azl o
I

£ GPA A
o]

t}. Figure 8
2

i3
A

s
w3t

Figure 91 4]

z:gl,

= At

210 7 tho, csize, PCI~PC3-S 7}

4y

+ GPA

Table 4
7F YukAY, F427], A3 3

o4 ol 7} wo]

Sl 7 de Al
bol 1o

9

o

[¢Z]
=

94
3,0, 302 A%

= =]
T

¢}

o) gk

F 2B oA A1~A)3

3
H

GPA %

el
T

Figure 10

A dlolEfel

L
L

=
= -

1=
=5

3

S

F om gt Al ¥

gk A

o

Mwur
Ny
XOLM
~ i
=T
S
wn_i
-
W
g
N3
= T
ol
E ok
— N
)A
ECS
B Ow
]5
ils!
e
1
o) .
;OrvﬂlﬂL
= &
zoﬁl
NECS
T
“wl
)
T T
N T
<o T
mo Ko
— X
" X0
-,O
my
o
AT _L.,
ol
o) W
il

3WA A0S anA A3 Wek b 2 ebsid

L
L

Ao A3 GAFA R

Ea

7
Folct.

9

2k

R
= 7=

oHE= 0o
AT E

Eo A= 23.68%, ZA2~E 3|74l o A= 23.08%, SVMOlA = 22.37% 9]

T
%0

il

Az o] Mt 10% Mk

&,

o}, =

B, S8 AR Wt vt

}5]'

Aol Wskel GPA A itae] ¥

& EoAtk ol o

el 7+

o] 3]

Fgom

S|
S|

A=

9]

o
=

R, 2]

9]

ok =4 7171 mla

o~
T

e Hyon, SVMI Ay

\.CIA

HYAEE= d

2t



Pgx AR MBS BH BFEFS u 461

PC 1: 36.4%

£0 100

4 ?‘7_:[
, 4—‘\;\%

L S r
-108 o S0 100

a

100
I

100

0 &0 100

T T T

w D
a % 100

mean - cad mean mesn - ¢ sd

PC 2: 28.3%

0 100
-

\
\
N

100
i
00
100
T

T T T T T T T T T T
-100 0 S0 100 -100 o 5o 100 -100 o 50 100

mean - ¢ sd rean mean = ¢ sd

PC 3: 144%

0 50 100
0 %0 100

T.“‘““_ﬂ
L]
A

100

=]
o = = e ey |
100 0 S0 100

T— T T T
-100 o s0 100

mean - csd =csd

Figure 10. Characteristics of shape vanatlon by 1~3 principal components

Table 5. Result of classification by data types

content Random Forest Logistic Regression SVM

raw data 3.95% 6.41% 5.26%

coordinates centered data 2.63% 7.70% 2.63%

Bookstein data 26.32% 19.23% 25.00%

shape variable GPA data 23.68% 23.08% 22.37%
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Classification models using the conversion of shape landmark data’
Jun Hong Kinl, Changwan Kang, Yong-Seok Chor

Abstract

Dryden, Mardia (2016) define shape analysis as an analysis that measures and describes
the shapes of objects represented by landmarks in geometric space and compares them. The
shape point data used for shape analysis has the form of an array, which is a form that is
difficult to apply to the shape classification model. This study presents two methods for
applying shape point data to the classification model. The first method is to apply the
Generalized Prospects Analysis (GPA) fit and then obtain Riemannian distance, centroid size,
and shape PC scores to select them as variables, and the second method is to vectorize the
configuration matrix of each sample to use all coordinate values as variables. The data
obtained by these two methods are put into three classification models: Random Forest,
Logistic Regression Analysis, and SVM to compare the misclassification rates for each data.
To this end, the method above was applied to the mice data from Dryden, Mardia (2016),
and the results were examined. The comparison revealed that the mice data of three clusters,
which is a 2-dimensional data set with a small number of shape points, showed that the
rotation parameter had a significant impact on cluster determination. Additionally,
vectorization of the original data or centered data, which had not undergone the fitting
process, yielded better results.

Keywords : Shape analysis, GPA fit, Configuration matrix, Random Forest, Logistic
regression, SVM.
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