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A Study on the Ratio of Human and Dog Facial Components
based on Principal Component Analysis

Young-suk, Lee*,

ABSTRACT

Dae Wook, Ki'"

This study is a preliminary study to design a character automation system that considers the facial

characteristics of mammals. The experimental data of this study was conducted on dogs (dog breeds)

and humans, which were designed to be used in many contents. First, data was extracted from 100 types
of dogs and 100 human data. Second, the criteria for measuring the ratio of important parts of the dog
and human face were suggested. In addition, a comparative analysis of the face of a dog and a human

face is conducted. Lastly, by analyzing the main component(PCA), the most characteristic elements in
the faces of dogs and humans were analyzed. As a result, it was confirmed that the length of the face,
the size of the eyes, the length of the glabellar, and the length of the glabellar and other parts are important.
Through this study, the features of the dog’'s face that are different from humans are expected to contribute

to the animal character automation.
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Fig. 1. THIRA—Analytics, Machine Learning Program for Data analysis [7].
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Table 1, FCI breeds Nomenclature[6]

Group Classification
1 Sheepdogs and Cattledogs
2 Pinscher and Schnauzer
3 Terriers
4 Dachshunds
5 Spitz and Primitive types
6 Scent hounds and related breeds
7 Pointing Dogs
3 Retrievers & Flushing Dogs & Water
Dogs
9 Companion and Toy Dogs
10 Sight hounds

1% BEG AlA o A A ¥ (Federation Cynologique
Internationale, FCD ol A= & MAl 344 A FS(2017
| 8Y 11¢¥ 71%) 719 7l5oly &8 H3d wet
158 10257kA] F-E3oH(Table 1).
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Fig. 2. Dog Face Image Used in the Experiment, (a) Affenpinscher (b) Aighan hound © Airedale Terrier (d) Akita,



Table 2, Table of Length Elements

Points Contents

P1 Left end of face contour

P2 Right end of face contour

P3 Upper end of face contour

P4 Lower end of face contour

P5 Left end of the left eye

P6 Right end of left eye

P7 Upper end of left eye

P8 Lower end of the left eye

P9 Left end of right eye

P10 Right end of right eye

P11 Upper end of right eye

P12 Lower end of the right eye

P13 Glabella

P14 Nose

P15 Mouth

P16 Left eye center

P17 Right eye center
BZ Z(P10), LEF £ AF 21D, LEZ &
9] ol & E(P12), WZH(P13), Z(P14), 4 (P15H), &
% o FAu2 ANER w2 FTAMPI6) 2 &
% o HAEE AR o] FAHPINSE
= 1TNE FAHL

ggoz 7t Moz fhE d&F 4o 84 9IS
T3 tHTable 3). €= 7I2 Zol(L1, P1 - P2),
A= A2 Zo|(12, P3-P4), 94Z& 712 Zo|(L3,
-P6), 9% = AIE Ao|(14, P7T-P8), L &% +
7}; ZAol(L5, PI-Pl10), L% = AZ ZAo|(Ls,

Table 3. Table of Length Elements
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P11 - P12), Wzt A8(L7, P16 - P17), mzt F4 3
3 A8, P13 -Pl14), vzt 4% o A= (L9, P13
-P15)E F4 A H(Table 3).

:].L/Hg 710] QAE o]%a} H& 94 57H
3la HlolHE muE AAI}UT RlEas 57H=
ge3 2o dF 712 A2 8l(R1, L2/ L), 9%
9 72 AZBI(R2, L4 / L3) vzt Zolgt d&F
7FEBIRS, L7/ L1), vzt 2 Aglet 4 = A=y
(R4, L8 / L2), Wt o Al € & A =EHI(RS5,
L9 / L2)E /343 h(Table 4).

Ay B o2 2o WA ANHEF) dZoNA
9] -2 ot#f Fig. 3¢ YeRAT Fig. 39 oz
A%t A= o] 84 99 dF ¥E 84 77
Table 3% Table 49 YEFY AT Table 3] 97119
dF 4ol 84 F o83l dZFodA T8 5719
= & 24E YehAT Table 4= H1& 24 570
(=2 712 A= v, A o 7I=2 A2, vzt 24
olg} A= 7tEH], Bt Z Aot A F A EH],
n)zt Q) Aglet 4 = AEn)e ANEE A Al
8% dFAAE FHOZ v go] FIh

2 A oA Izt FEY dSHETEY Aol
Ho| EMHA Fe 840 My F FES A A
Table 39] B]& 84 9o o A4 4 & e

7t °‘D} Table 32 Zo] 84 & 97014 159} L6
ol tig HRolx Y& o] oA
T BEE A 7lsstth 97l el 4] L5, L6 278
195ty T2 dF s 23] 5 e FE
= 24 L o) &3k (Tx6)2Z 219 S &
ATt Table 4 9ol 2#F = ZE & vl &8
Table 50 YEFATE Table 52 2170l 4] Table

it r
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l‘)‘-l)i&jgi-o ]-o

mlm N —1>

Length Element Contents Composition Points
L1 Face width length P1 - P2
L2 Face length P3 - P4
L3 Left eye width P5 - P6
L4 Left eye length P7 - P8
L5 Right eye width P9 - P10
L6 Right eye length P11 - P12
L7 Glabellar distance P16 - P17
L8 Glabellar center and nose distance P13 - P14
L9 Glabellar center and mouth distance P13 - P15
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Table 4, Table of Face Rate Elements

Rate Element Contents Composition Length Element
R1 Face aspect ratio 12 /11
R2 Left eye aspect ratio 14 /13
R3 Glabellar length and face aspect ratio L7 /L1
R4 Glabellar and nose distance and face vertical ratio L8/ L2
R5 Glabellar and mouth distance and face vertical ratio L9 /12

Fig. 3. Sample of 15 Points for Calculating Elements for
Rate of the Dog’s Face,

49 5715 A3k 16702 HlE& 245 YERATH
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Table 5. Table of Others Face Rate Elements

HI(R6, LY/LY), mIZt 4 Ao]ot w|Zt Aol nl(R7, LY
L7), Pz & dolst 9% + A= o] H(R8, LY
L4), |zt dole}t 9% 7k= o] HI(RY, LY/L3),
H|zt ) Aol 42 7kE Aol H(R10, LY/LD), HIZE
Aol w3t Aol HI(R1L, LYLY), "It 3 ZAol&}
= A E 4ol BI(R12, L&/1L4), 7zt = Aol
= 7F2 4ol H(R13, L8/L3), "Izt I 4olg}
= 7F= Zdo] HI(R14, L&/LD), "3t Zeo] H| ¢} 9%
A& Aol ¥(R15, L7/L4), Wzt Ao] Hl¢} 9%
E AIE Aol HI(RI15, L7/L4), "Izt do] vl&t d&F
7F2 Aol H(R16, L7/L3), "Izt Aol B¢}t dF 7t=
Aol HI(R17, L7/LD), 9% & A2 4do] Hle} 4=
A= Aol HI(R18, L4/L2), 9% & AE Zo] v
4= 7k= Zdo] HI(R19, L4/LD), 9%&F 7I= do] H|
o} A= AR 4o] HI(R20, L3/L2), 9&F 7I1E 4o

3 A
= A

= A R N

Rate Element Contents Composition Length Element
R6 Glabellar mouth length and glabellar nose length ratio L9/L8
R7 Glabellar mouth length and glabellar length ratio L9/L7
RS Glabellar mouth length and left eye length ratio L9/1L4
R9 Glabellar mouth length and left eye width ratio L9/L3
R10 Glabellar mouth length and face width ratio L9/L1
R11 Glabellar nose length and glabellar length ratio L8/L7
R12 Glabellar nose length and left eye length ratio L8/L4
R13 Glabellar nose length and left eye width ratio L8/L3
R14 Glabellar nose length and face width ratio L8/L1
R15 Glabellar length ratio and left eye length ratio L7/1L4
R16 Glabellar length ratio and left eye width ratio L7/L3
R17 Glabellar length ratio and face width ratio L7/L1
R18 Left eye length ratio and face length ratio L4/1L.2
R19 Left eye length ratio and face width ratio L4/1.1
R20 Left eye width ratio and face length ratio L3/L2
R21 Left eye aspect ratio and face aspect ratio L3/L1
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Fig 5. Important Elements that make up PC1 and PC2,
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Table 6. Coefficient of Important Elements that Make up PC1 on PCA Test 1

Important Rate Component R5

R4 R2 R1 R3

PCA Coefficient 0.5811

0.5292

0.4972 0.3608 0.0067

® SourceData 1
SourceData 2
Circle

Fig. 6. PCA Test 2 Score Plot,

el & HE 8471 O FR83 ASE YET
PC1& 7488 84+ Table 5ol YehAth +4
BN A B4 S HXA e a4e AA
7} =™, Table 7914 R172 A¢ HAoh
Fig. 63 Table 7914 71&d] €1 dd dF9
ZQ HE QARG E ANEZEE 247 Y 23 84
2 Z2AHASS A T F Aok ARH o2 A
B Table 49 Hl-& 84 R1~R57} Table 7914 &=
39 10709l R4, R5 271 5F Z3E T Table 700 A]
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Table 7. Coefficient of Important Elements that Make up PC1 on PCA Test 2

Imé’;’gig;eii‘te PCA Coefficient Imé’ggiﬁieiite PCA Coefficient Imgsgzﬁieiite PCA Coefficient

R13 0.328 R10 0.262 R3 0.079
R9 0.308 R12 0.236 RI5 ~0.045
R4 0.303 R16 0.234 R1 ~0.054
R7 0.289 R2 0215 R6 0122
R11 0.288 RS 0.201 R21 0174
R5 0.287 R19 0.205 R20 ~0.213
R14 0.270 RIS 0.081
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