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A Study on the Face Ratio of Mammals Based on
Principal Components Analysis (PCA)

— Focus on 20 Species of Animals and Humans

Young-suk, Lee*,

ABSTRACT

Dae Wook, Ki'"

This study was conducted on the face ratio of mammals. It can also be applied to character automation

by checking factors about the difference between animal and human face shapes. This paper used the

face and face area data generated for Deep Learning learning. In detail, the proportion factors of the
area comprising the faces of 20 species of animals and humans were defined and the average ratio was
calculated. Next, the proportion of each animal was analyzed using the Principal Component Analysis
(PCA). Through this, we would like to propose the golden ratio of mammals.

Key words: Principal Component Analysis(PCA), Ratio of Human and Animal facial Components,
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Table 1, 20 Animals and Amount of Images Used for Principal Component Analysis

Animal | Alpaca Bear Bunny Cat Cow Deer Dog Fox Giraffe | Goat | Horse
Amount 473 529 301 1067 1145 615 920 481 499 510 541
Animal | Human Lion Pig Raccoon Rat Seal Sheep |Squirrel| Tiger Wolf -
Amount | 2164 599 431 461 418 487 685 404 506 528 -
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Table 2, Table of Length Elements

Length Element Contents Composition Points

L1 Face width length P1 - P2

L2 Face height length P3 - P4

L3 Left eye width length P5 - P6

L4 Left eye height length P7 - P8

L5 Glabellar distance P16 - P17

L6 Glabellar center and nose distance P13 - P14

L7 Glabellar center and mouth distance P13 - P15
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Table 3. Table of Face Rate Elements

Rate Element Contents Composition Length
Element
R1 Face aspect ratio L2/L1
R2 Left eye width and face width ratio L3/L1
R3 Left eye length and face width ratio L4/11
R4 Glabellar length and face aspect ratio L5/L1
R5 Glabellar - nose length and face width ratio L6/L1
R6 Glabellar - mouth length and face width ratio L7/L1
R7 Left eye width and face height ratio L3/L2
RS Left eye height ratio and face height ratio L4/1.2
R9 Glabellar length and face width ratio L5/L2
R10 Glabellar - nose distance and face height ratio L6/L2
R11 Glabellar - mouth distance and face height ratio L7/L2
R12 Left eye aspect ratio L4/L3
R13 Glabellar length and left eye width ratio L5/L3
R14 Glabellar - nose length and left eye width ratio L6/L3
R15 Glabellar - mouth length and left eye width ratio L7/L3
R16 Glabellar length and left eye height ratio L5/14
R17 Glabellar - nose length and left eye height ratio L6/L4
R18 Glabellar - mouth length and left eye height ratio L7/1L4
R19 Glabellar - nose length and glabellar length ratio L6/L5
R20 Glabellar - mouth length and glabellar length ratio L7/L5
R21 Glabellar — mouth length and glabellar nose length ratio L7/L6
Table 4, Table of Average and Standard Deviation on Human Rate Elements
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
Avg 1.226 0.329 0.225 0.467 0.150 0.493 0.282 0.194 0.399 0.128 0.419
Std 0.110 0.446 0.358 0.568 0.208 0.562 0.900 0.720 1.146 0.418 1.134
R12 R13 R14 R15 R16 R17 R18 R19 R20 R21
Avg 0.687 1.437 0.461 1518 2.123 0.677 2.238 0.321 1.059 3.405 -
Std 0.103 0.156 0.104 0.181 0.297 0.145 0.299 0.299 0.095 0.624 -
Table 5. Table of Average and Standard Deviation on Wolf Rate Elements
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
Avg 0.985 0.257 0.225 0.339 0.340 0.507 0.262 0.229 0.348 0.344 0.516
Std 0.117 0.036 0.031 0.036 0.073 0.067 0.032 0.024 0.042 0.054 0.041
R12 R13 R14 R15 R16 R17 R18 R19 R20 R21
Avg 0.883 1.339 1.332 1.997 1.527 1.511 2.271 1.007 1.503 1.530 -
Std 0.105 0.186 0.273 0.297 0.224 0.276 0.299 0.299 0.201 0.231 -
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Table 6. Table of Average and Standard Deviation on Cat Rate Elements

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
Avg 0.893 0.284 0.239 0.380 0.100 0.357 0.318 0.268 0.427 0.112 0.400
Std 0.053 0.025 0.025 0.031 0.029 0.032 0.030 0.028 0.039 0.032 0.033
R12 R13 R14 R15 R16 R17 R18 R19 R20 R21
Avg 0.847 1.347 0.357 1.265 1.603 0.423 1.504 0.296 0.984 4.014 -
Std 0.090 0.135 0.110 0.136 0.201 0.126 0.185 0.185 1.301 4.507 -

Table 7. Table of Average and Standard Deviation on Cow Rate Elements

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
Avg 1.477 0.290 0.268 0.724 0.617 0.901 0.197 0.182 0.493 0.416 0.609
Std 0.126 0.042 0.036 0.048 0.117 0.108 0.031 0.025 0.047 0.062 0.050
R12 R13 R14 R15 R16 R17 R18 R19 R20 R21
Avg 0.938 2.552 2174 3.169 2.750 2.334 3.410 0.853 1.246 1.484 -
Std 0.147 0.425 0.530 0.591 0.430 0.517 0.573 0.573 0.147 0.160 -
= E79Y 53 ol GAE {3t EAIG Ao F 2085 ER3Ah
O BRI A=2/FOAE 71202 3o 5 Fig. 19] ()¢} (b)ollA =< £Ex & EAHEH
221 aZ A &Y FF50 2 24 FEOl &
Table 8. Table of Face Rate Elements Zalal ol & FHZ0E §ATE EE S F
No Species Order 2 gh= sl 12al 3 ARl e gyrA et
1 Alpaca Artiodactyla 2o AATE] BXFS & F Utk ol FAHE
2 Bear Canifor A A9r $4/2405855 7S F ASS W
3 Bunny Glires ERfal oA 2 B o HAEE AREHE
4 Cat Feliformia T=EY PC7t &Y EAL FE8 et &
5 Cow Artiodactyla F Ak YRkH o g FAHE B oA PClS ALkt
6 Deer Artiodactyla 3 PC1¥ A aste PC2E 322 PC13 PC27}
7 Dog Caniformia AR FHo] ge EAS U E ALE EAo]
8 Fox Caniformia Hed, ol dFolAe 24 FES /T SAF
9 Giraffe Artiodactyla B /AR X SIEZ PC1Y PC2 5 S45%
10 Goat Artiodactyla I 2 FES FES= 5SS /A g3 B35
11 Horse Perissodactyla g 4 o g2 & PClo A PC47FA] R1-R21 Al
12 Human Primates £ Python®] MatPlotLib gto] B & g] oA A| &3}
13 Lion Feliformia + Color BarZ =% Fig. 20| Yl It} Fig. 2&
14 Pig Suina PCA A%2] 271€ W72 Tile chart2 Weh A
15 Raccoon Procyonidae . HE7l =€5E ASU 23S VMR
16 Rat Glires Table 99} Table 102 Fig. 2014 PC13} PC2¢]
17 Seal Caniformia H] & 8 & (R1-R21)9] Al (Coefficient)7} & <=4
18 Sheep Artiodactyla Z AFso JepIA . I FollA 2 & VIE BA
19 Squirrel Glires stk PCl& Hl& 8.4 A4 (Coefficient) 7} 2 %k
20 Tiger Feliformia A Ze Zro 2 FAS xJo]E Ho|x| Q3 TEH
21 Wolf Caniformia Bxshtt pPC2e A& F9o HE 24 AF
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Fig. 2. ColorBar Chart on Rate Elements Coefficients for PC1 to PC4

Table 9. Sorted Coefficients of Rate Elements that Make up PC1

! 04

02

0.0

R elem. R14 R5 R17 R6 R11 R15 R10 R1 R19 R18 R4
Coeff. 0.295 0.291 0.290 0.286 0.284 0.282 0.272 0.252 0.239 0.238 0.173
R elem. R20 R13 R3 R12 R16 R2 R9 R8 R21 R7 -
Coeff. 0.171 0.158 0.138 0.118 0.114 0.099 0.003 -0.11 -0.21 -0.22 -
Table 10, Sorted Coefficients of Rate Elements that Make up PC2
R elem. R9 R3 R4 R8 R12 R2 R13 R7 R16 R1 R5
Coeff. 0.424 | 0.362 | 0.333 | 0.317 0.296 0.289 | 0.2223 | 0.1864 | 0.087 0.083 0.052
R elem. R6 R10 R11 R14 R21 R17 R15 R19 R18 R20 -
Coeff. 0.051 0.038 0.006 | -0.034 | -0.040 | -0.097 | -0.109 | -0.155 | -0.220 | -0.318 -
(Coefficient)7} & k= 7}zl Table 99} Table 10 EE3H T diolE e A4S 93t g9 4ol
J AT #HE VTR 2 W, T L FES A 2 TS ol e éb} % T AE HIE 24 200
84E e A2 PC2VF ¥ f&3itta A E Attt 18l 44 &Y HE 245 9
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o] 84 16,17, 13 L1 59 vHEE FAHHEZE vt Z8 PCRl PC13 PC27} &&9 ZH2te] EX o upet
-3(Y) Aol, d= VIR dol, Y A7Vt T EY EF HAoH, 558 TEY F e EAS IE
TE TEIE FL adolH, PC29 49 4709 | 3] 7hzltkal gelstink. PC1# PC29) F& Al
-gr 22 Al (Coefficient) = 2ol &4 L4, L5, L1, (Coefficient) & T3t €& 7H=2/A 2, vt A
L2 59 HI&E FAHERE v - Z(}Y) do], &= o & Z7], vzt 2o Ayt §ES FESIL T
7t2/AE Aole] v &R FAHTA o] FES E9 H & EA(F2/24)E& vEllE 8481
TE e F8% d=gt1 & 5 Yk gttt S 5= 2255 d=9] Hl&
g E4o] WEgstA &7 HAen o= e}
5 8 B 7HA = AR g 8% Q40|
E =3 s 23838 559 FES A%
2 =rodlAe A 5= 205 3 d=9 old e el F =2 ADE 52 Y
T TS AT ISR NIE SAF ALy o) gese Ave Au dFolT
FAE BAE 59 975 A £A4E 23]
QIZtH olH &} & & 209 °|n]A Eﬂ_"]ﬁ% 38t REFERENCE
I 9dE T8 FHY vE ALE 9% 914 dolH"
£ AAAY. TE 205 A &= diolHe F [1] Y. Lee and J. Kim, “A Study on The Step of
2 HES Yo FAE £4& Y3t 2945 Anthropomorphic Animal Characters in Ani-




ZENZSM(PCA)TIE ER

mation,” Journal of Korea Multimedia Soci—
ety, Vol. 12, No. 11, pp. 1661-1670, 2009.

[2] CM. Bishop,
Machine Learning, Springer, Verlag, Berlin,
2018.

[3] A.C. Miller and S. Guido, Introduction to
Machine Learning with Python: A Guide for
Data Scientists, O'REILLT, California, 2017.

[4] Y.S. Lee and D.W. Ki, "A Study on the Ratio

of Human and Dog Facial Components based

Pattern Recognition And

on Principal Component Analysis,” Journal of
Korea Multimedia Society, Vol. 23, No. 10, pp.
1339-1347, 2020.

[5] Image Datas(2021), https://pixabay.com (acc-
essed May, 24, 2019).

[ 6] IBM Research AI(2008), https://www.research.
ibm. com/artificial-intelligence (accessed Oct,
01, 2020).

[ 71 IBM(2008), https://ibm.co/2Bbr6hc (accessed
Oct, 01, 2020).

[ 8] TechCrunch(2013), https://tcrn.ch/2UrEuVp
(accessed Oct, 01, 2020).

FO| g= HlE 97 - ZH)} S= 2052 A=

20199 FE S SFEKUARIZTA = FFAE AE R

20209 Taigtn FAEEA=A

FAEok: VR/AR, IoT, AL E&, 7|5
ol = A 2

7 o =
20039 FAstn HAFs
F8shA
20060 FAboistn W xhgsta
FA A
2013\ F-Abostm 7238t
& F kAL

20194 29 ~ el ehfrE] HEolE AR A AT
B} MuolE B4, Yy, ARE WA, I

o, 94 4E



