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[Abstract]

This study aims to develop a 3D head model for Korean infants based on the analysis of their
actual head dimensions to facilitate the design and evaluation of various functional head products. A
total of 1,812 children aged 1 to 6, collected from the 5th Size Korea dataset of direct measurements,
were analyzed. Nine size categories were identified to create a head model sizing system, and average
values for each size were calculated. Using these average values, 3D head models for each size were
developed. The final 3D head models in the nine sizes were verified against five head and face
measurements. The 3D head models developed in this study are expected to be utilized in diverse
applications related to infant head products, including product development, evaluation, and virtual

trying-on systems.
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I. Introduction
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Infancy Baby walking Early childhood School age

(age 0) period (age 1~3) (age 4-~6) (age 7~14)
= Infancy (age 0)

Basic reflex movements, sensory abilities, large muscles such as neck support and sitting, and
small muscles such as reaching and grasping are developed

= Baby walking period (age 1~3)
motor skills such as running and climbing stairs improve, but body balance is still not perfect.

= Early childhood (age 4~6)

This is the time when the body's balance is restored and movements are stabilized. Enjoy group
activities and outdoor activities

= School age (age 7~14)
This is the time when your motor skills improve due to the development of your bones and
muscles, and you begin to think logically.

Fig. 1. Safety accident composition ratio by child
development stage[6][7]
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II. Methods
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Analysis of head-related size items for Korean infants
: 5th SizeKorea, 1-6 years old, 1,812 people

I E—

Classification of head sizing system for infants
- Proposal of a total of 9 size systems with head circumference
as the main measurement

I EE—

Proposal of 3D head models for Korean infants
: Design of a total of 9 standard infant 3D head models
: Dimensional conformance verification of 3D head models

——

Presentation of the usability of the developed 3D head model
: Safety helmet evaluation using 3D virtual & printed model

Fig. 2. Research flow chart

1. Data analysis
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Table 1. Analysis items and their definitions

No. Title Definitions
Horizontal distance from
H Length )
@ ead Leng Glabella(a) to Occiput(b)
Horizontal distance between
@ Head Breadth Euryon-right and left(c.)
. Perpendicular distance from
@ Head Height Vertex(d) to Menton(e)
Perpendicular distance from
® Face Length Sellion (f) to Menton (e)
® Head Horizontal circumference from
Circumference Glabella(a) to Occiput(b)
Image
— o
@ “\ ¢ P "’L%im

2. 3D Head modeling
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o, &8gd S/W= CLO 3D 5.2Ver., Z7ZBrush
2019.1.2. Ver., MAYA 2018 programs ©]t}. 7f2H= 3D

o= =9 /\TO]X 3% 4% CLO 3D Ver. 6.10f]4] of
v}l Import &, “Measurement” &2 #8235t o0, 7t
Afo]29] 518 QAR W= +2mm oWz A|tstaiTt.
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A. Open the suitable size avatar
(SWCLO 3D 6.1)

B. Modification of detailed size
(S/W Zbrush 6.6)

C. Applying of Measure point texture
(S/'W Maya 2018)

D. Verification of size
(SWCLO 3D 8.1)

A 4

Presenting 3D head modeling

Fig. 3. 3D Modelling process

III. Results and Discussion
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Table 3. Population cover rate
(Set the head circumference to 10mm)

1. Classification of head sizing system for infants ) Cover rate
) _ Size Number Cover rate (5% and more)
¢ G 9o0le] Ufe] Ao]= A2 5] QA B A - : o and

olM= te] B Al £ Afo]= o sfidsh= te 350 1 0.1% -
=2]o] F-ojo} &fo]o] Tt M8y RAlS Ajsteict. BA o ] 1% -

A= Tabel 29} o], oo} ofolo] mje]ze] Fo-2 400 3 0.2% -

488.4+25.9mm, ofo}e] oj2jSe)t Fopret FopsH ir z — -

(t=-6.04, p<.001) AF& 7102 LpeRdt). sHR|5H 2 giLo] 430 34 1.9% -

K gofolg BT T 4 Qe Aol = APE 5] 440 &9 3.8% :

) . 450 69 3.8% -

Hall Fofel ofofe] Afo]= L glo] #AS S35t 460 119 6.6% °

470 106 5.8% °

Table 2. Descriptive statistic for head circumference 480 267 14.7% L4
itermns 490 274 15.1% o
500 379 20.9% @

Male Female Total 510 232 12.8% [ J

(n=906) (n=906) (n=1812) 520 145 8.0% °

Mean 4920 484.7 488.4 530 58 3.2% -

S.D. 26.0 25.3 25.9 540 23 1.3% -
Kurtosis 330.0 405.0 330.0 550 2 0.1% -
Skewness -1.3 -0.6 -0.9 Total 1812 100.0% 84.0%

10%ile 458.0 450.0 4520
25%ile 480.0 470.0 475.0
50%ile 4970 4880 4920 ‘Hﬁ%ﬂﬂ 15mm Z_].J—:! }‘}015 ‘FIU—:!% ﬂ:rL EﬂO]E10ﬂ 751
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Table 4. Population cover rate
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Table 6. Average value for each dimension

(Set the head circumference to 15mm) Unit: mm
Size Number Cover rate (5;0;(:1:1 :Zere) Size| No. |_H-C- | H-L H.B. H.H. F.L.
325 1 01% — Mean|S.D. |Mean|S.D. [Mean|S.D. [Mean|S.D. [Mean|S.D.
340 1 01% _ 430 | 83|4223]18.7(1400| 7.9 |1248| 6.5 |1690| NA | 78.0 | NA
355 1 0.1% - 445 | 117 |4464| 4.8 [1467| 7.4 |129.1| 7.4 |1794/13.8/80.5| 9.6
370 1 0.1% - 460 | 145 |4613| 4.0 [1527| 6.3 |1328| 7.1 |1836]10.4|78.1 | 6.6
385 0 0.0% - 475|296 |477.1| 4.2 [1577| 6.1 |1374] 7.0 |1860|13.7|81.6 | 7.9
j?g 270 ?;‘j - 490 | 496 |4n7| 4.4 1627] 6.4 |1207] 6.5 [1922[12.5|84.8| 7.8
430 52 2:9% - 505 | 431 |5056| 4.3 |1663| 5.0 |1445| 6.0 [1983|12.1/87.6| 7.5
445 17 6.5% ° 520 | 189 |5203| 4.1 |171.6| 4.9 |147.1| 7.3 |2063|10.7|90.9| 7.0
460 145 8.0% [ ) 535| 52|5338| 3.9 |177.1| 5.1 |1490| 6.5 |2069|11.7|91.1| 8.8
475 296 16.3% [ ] 550 | 3 |5473| 3.2 |1867| 2.1 |1463| 5.1 |2213|17.2|/97.0| 4.0
490 496 27.4% [ ] Total| 1812
505 il 23.8% L4 H.C=Head Circumference, H.L.=Head Length, H.B.=Head
520 189 10.4% L Breadth, H.H.=Head Height, F.L.=Face Length
535 52 2.9% - *NA: SD is recorded as NA because there is only one
550 3 0.2% - person in that range among the population for which data
Total 1812 100.0% 92.4% was recorded.

=2& Table 59} Zo] QIH148-50]
325~43077F 430Ato|22 Eskshal, 535550472
olg AZdiolA tRle=s Uepd 4 Q= 2 1135
o] 535, b50AIO| == Z710] Ato] =g fof 100%2] Q1+
2882 7 AO|= AAIE AASIGH. o]24 2
ToA= KS K 43 2ol Hel=dE 712 AA 29=
St g Gfohg 3D o= Bdo] & 97j9] Afo] = A]
AELS Aiotstlon, 54 52 71 Abol2s 7P w2
AfEdEs B

ol 490at0lx = atgirt

Table 5. Setting of head sizing system for Korean
infants

Size Excess NOt. Number %
exceeding
430 - 438 83 4.6
445 438 453 117 6.5
460 453 468 145 8.0
475 468 483 296 16.3
490 483 498 496 27.4
505 498 513 431 23.8
520 513 528 189 104
535 528 543 52 2.9
550 543 - 3 0.2
Total - - 1812 100.0

2. Proposal of a 3D head model for infants
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U Be Zbrush S/WE H8sH Aolx £ WYL A
Aon, CLO 3DOJA] Measure’]=02 Apo]=E sHols}h
1 tA] 28151 kR Aol RS 5| RIsistoit). C.&
7d ZQIE HAXK X822 Autodesk Maya S/WE -8t
o] Measure point texture A& <, &5t Meshs
CLO 3DOfJA] Import &, Measurement&2 A}2-5}1o],
D. 78 Aol § 5920l et AR H5E
g 5 3D o= REIL RIS,

2 meAAz 7} o= & 971 §= G9ole 3D
sl= Rely-g RS Ak Fig 49 #.O00, Fig b+
IV =2 eSS B 490(7]F Atol2)o] tiE &

= @4o] olajxjolrt.



64  Journal of The Korea Society of Computer and Information

430 445 460 475 490 505 520 535 550

Fig. 4. Present 3D head models by size

Front Side 3D image

Fig. 5. Image of 3D Head Model
(Size 490)

551%0] gt 7+ Aoz 4
o thst A4S vl BAsH Al Table 71t 2t} 7+
Aol = A gH= 7o) sl QA}

Table 7. Error range of 3D Head Model

Unit: mm

Size Item H. C. | H L. | HB. H.H. F.L.
Standard 4223 | 140.0 | 1248 | 169.0 | 78.0

430 | Development | 422.3 | 139.9 | 1244 | 168.6 | 77.9
Error 0.0 -0.1 -0.4 -0.4 -0.1
Standard 446.4 | 1467 | 1291 | 179.4 | 805

445 | Development | 446.4 | 147.7 | 130.1 | 179.7 | 80.8
Error 0.0 1.0 1.0 0.3 0.3

Standard 4613 | 152.7 | 132.8 | 183.6 | 78.1

460 | Development | 460.5 | 152.6 | 133.8 | 1834 | 79.9
Error -0.8 -0.1 1.0 -0.2 1.8

Standard 4771 | 157.7 | 137.4 | 186.0 | 81.6

475 | Development | 477.3 | 158.0 | 137.9 | 186.7 | 83.3
Error 0.2 0.3 0.5 0.7 1.7
Standard 4917 | 1627 | 140.7 | 192.2 | 84.8

490 | Development | 490.1 | 162.7 | 1418 | 191.1 | 85.5
Error -1.6 0.0 1.1 -1.1 0.7
Standard 505.6 | 166.3 | 1445 | 1983 | 87.6

505 | Development | 505.8 | 166.0 | 1448 | 198.1 | 88.6
Error 0.2 -0.3 0.3 -0.2 1.0

Standard 520.3 | 171.6 | 147.1 | 206.3 | 90.9

520 | Development | 520.0 | 173.0 | 147.4 | 2048 | 915
Error -0.3 1.4 0.3 -1.5 0.6

Standard 533.8 | 177.1 | 149.0 | 206.9 | 91.1

535 | Development | 533.2 | 177.5 | 149.8 | 206.2 | 90.6
Error -0.6 0.4 0.8 -0.7 -0.5
Standard 547.3 | 186.7 | 1463 | 221.3 | 97.0

550 | Development | 547.3 | 186.8 | 147.6 | 220.1 | 97.1
Error 0.0 0.1 1.3 -1.2 0.1

H.C=Head Circumference, H.L.=Head Length, H.B.=Head
Breadth, H.H.=Head Height, F.L.=Face Length

3. Utilization of the developed 3D head model
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Virtual fitting Virtual pressure

Actual fitting

Fig. 6. Image using 3D head model

IV. Conclusions
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