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Database Establishment and Anthropometric Analysis
of Template Registered Head Models of Korean
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1. Deformable Head & Face Template Model 7%
2. Template Registration Process & &
3. Head & Face Template Registration (n = 8,536)
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= Deformable head template model
S1. Deformable Head Template Model 7] '& = Facial landmarks

= Vertex optimization
= Manually 13 landmarks insertion

S2. Template Model Registration Process " & = BBW algorithm based deformation & registration
= |CP algorithm based registration

S3. Head Template Registration to Head Scans

= Size Korea 8,536 scans
» Head template registration

= Application to 3D hand, body scan data
S4. Anthropometric Analysis for Head Dimensions = Registration performance analysis
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S1. Deformable Head Template 7l|'&: Surface
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Original Head Scan (Medium size) Head Template

Vertex: 521,495 Vertex: 3,508

Face: 1,039,164 I Face: 6,974
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* Hole filling
* Smoothing
* Symmetrizing




S1. Deformable Head Template 7H'&: Landmarks
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No. Landmark Description
1 Vertex The top of the head.
2 Glabella The most anterior midsagittal point on the forehead at the level of the eyebrow ridges.
3 Sellion The most posterior midsagittal point on the nasal root at the top of the nasal bridge.
4 Pronasale The most anterior midsagittal point of the tip of the nose.
5 Subnasale The r’qidsagittal point at the junction of the inferior surface of the nose and the
superior aspect of the philtrum.
6 Promentale The most anterior midsagittal point of the mandible (frontal point of the chin).
7 Menton The most inferior midsagittal point of the mandible (bottom of the chin).
8/9 Dacryon (right/left) l’:gorggrs}:h%c;s'terior point at the side of the nasal root between sellion and
10/11 | Nasal alar (right/left) The most lateral point of nose.
12/13 | Cheilion (right/left) The lateral junction point of the upper and lower lips.
14/15 | Ectocanthus (right/left) The lateral junction point of the upper and lower eyelids.
16/17 | Endocanthus (right/left) | The medial junction point of the upper and lower eyelids.
18/19 | Zygofrontale (right/left) The lateral margin of the eyebrow ridges.
20/21 | Zygion (right/left) The most lateral point on the zygomatic arch.
22/23 | Tragion (right/left) The most anterior of the ear notch just superior edge of the tragus flap.
24/25 | Gonion (right/left) :[I:;eergsst posterior-inferior point of the rounded gonial angle at the mandible below
26 Submandibular The junction of the posterior lower jaw and the neck in the midsagittal plane.
27 Anterior neck The most anterior point on neck circumference.
28/29 | Lateral Neck (right/left) The most lateral point on neck circumference.
30 Cervicale The superior palpable point of the spine of the seventh cervical vertebra.
31 Crinion The lowest point of the hairline on the forehead in the midsagittal plane.
32/33 E’i}lgsgf?)le superius The most upper point of pupil
34/35 ziegﬁf/:;:f?)le inferius The most lower point of pupil
36/37 (Cr)itgor?t?lself?)n superius The anterior superior point of the jucture between the right ear and the head
38/39 | Inside eyebrow (right/left)| The medial margin of the eyebrow ridges.
40 Anterior middle neck The middle point of circumference between submandibular and anterior neck.

Reference: Alexander et al., 1979; Clauser et al., 1972; Clauser et al., 1988; Donelson and Gordon 1991; Hughes and Lomaev 1972; Lee et al., 2018;




S2. Head Template Registration Process

S2-1 | Loading template image -~
v

S2-2 | Loading target image and 13 landmarks pre-defined
v

S2-3 Global registration (BBW algorithm) based on 13

) landmarks

v

S2-4 | Local optimization (ICP algorithm)
v

S2-5 | Defining 43 landmarks on template-registered image
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Head Template Registration Process: Video
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Head Template Registration Process: Manual Landmark

Q XtA| 72 =l S/W program= 0| 23510 landmark & =

4] Head Landmarking Program - o x

o Data No. 1
\\RutaﬂOﬂ J Right| |Front| | Left = Landmarks

Sellion
Promentale
Ectocanthion R
Ectocanthion L
Glabella
Pronasale
Subnasale
Cheilion R
Cheilion L
Tragion R

Tragion L

Save and Load Next Data
Save

Quit without Save
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S3-4. Template Registration ZA1}: Performance

O d & = template modellt scan data AFO| HE|= ¢tH 7[& 1 0.6 mm (RMS) =2
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: Head template
M : Target scan
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landmark

Scan Head
Hand Template Registration Z1}: 0.6 mm (RMS)
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LW

Y eizgzsm

Ergonomic Design
Technology Lab




S3. Template Registration (n = 8,356)

0O 2d 4,302F, 0/d 4,234 & 8,536 2| ot= 2 2| O|O|E{ 0] CH T template E &
2 image database 244

g3l 3D H2| A7 HIO|E| HE £ 4, AU

Age group
Gender Total
7~9 10s 20s 30s 40s 50s 260s
Male 105 1,335 754 715 462 465 466 4,302
Female 105 1,280 728 721 476 451 473 4,234
Total 210 2,615 1,482 1,436 938 916 939 8,536
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S4. Template Registration Z1}: Mesh Resolution

O Template fitting =l 3D scan data= &4
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Original 3D scan data

31,927 vertices (8.2 Mb)

47,831 vertices (7.5 Mb)
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Template model registration

Template Model

3,508 vertices (501 Kb)

Template-registered data

3,508 vertices (501 Kb)
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3,508 vertices (501 Kb)
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S4. Template Registration Z21}: 3D View

Front View

Side View
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Discussion (1/5)

A & 9= manual landmark 23 2 template registration algorithm 7|2
hybrid semi-automatic landmark detection 2 K| ot%t
> CNNAHEZ A| =™ 27t &2 £ landmarkE 7H2HEl programS O| 2310 21X M

> Template fittinge &6 LIHA| landmarkE M2 =& 3 =2 =2 =7

Original head Manually edited image including Template-registered image
scan image (CAESAR) 13 landmarks manually defined  including additional 29 landmarks
(Lee et al., 2018) automatically defined (& ¥7)
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Discussion (2/5)
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(3/5)
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Ion (4/5)
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