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Development of the New 3D Test Panel for Half-Mask Respirators by 3D Shape Analysis

for Korean Faces

Kang Yoon Kim * Hyunwook Kim" T - Joong Lee” - Eung Dae Lee” * Dong Wook Kim®

Institute of Occupational Health, Korean Industrial Health Association - Dept. Preventive Medicine, College of Medicine,

The Catholic University of Korea”

This study was performed to suggest the new
three-dimensional (3D) fit test panel, constructed based on
facial 3D data, for respirator fit testing.

Three dimensional surface data were obtained using a 3D
laser scanner; facial data from 102 volunteers (70 males
and 32 females). The collected digitalized data were used
for shape analysis utilizing the Procrustes algorithm.

The results were as follows;

1. Facial shapes between genders were statistically
significantly different. The misclassification error rate was
2.99%.

2. Facial shapes of all subjects including both gender
were categorized into 4 different facial types by cluster
analysis.
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3. The new 3D fit test panel containing both facial shape
and length information data was developed. The panel was

composed of the shape information on x-axis which were
expressed as A, B, C, and D, and the lengths information on
y-axis that were classified 4 groups ranged from 103.7mm to
133.5mm.

The new 3D fit test panel for Koreans, developed utilizing
shape information as well as length information, was
constructed. The concept for developing the 3D test panel
can be applied for other ethnic groups having different facial
shapes.

Test

panel, Shape information, Length information
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Y= Al FH74 (Euclidean distance
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Definition of landmarks
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(sellion, SE), 2 EZ:3} 9% ohrE-5-41%
(maxillofrontale, MF), 5253} 9% 9
7 (maxillary point, MX), Q5% JJr A%
S (middle cheek point, MCK), &
Z3} 9% 2474 (tuberculare, TB), €&
€714 (gnathion, GN)°]SIT} (Figure 1).
Aol @Ak 7087 o7t 3270
gk zF 4719 32k HEE Auto-
CAD X730 A 12 & T (superi-
mposition)3}o] 4 Aol o]g-38I3ir

1) d=2| X ASHA (shape anaysis)

= AT s FAsNE fl8l 2=
AFAHA 4 (Procrustes analysis) =
AREIE o] WS 21 i 3
o7 24 S A (translating) 3
A (rotating), =713 (rescaling)= 53]
7 AuAS R & 39 ‘?ﬂoie
S AY sk 24 55 Fal

MX

SE(sellion) : the deepest landmark located on the bottom of the nasofrontale angle.
MF(maxillofrontale) : at the base of the nasal root medially from each endocanthion, close to
the bony maxillofrontale of the medial margin of each orbit, where the maxillofrontal and

nasofrontal sutures meet.

MX' (maxillary)point : the point which is located 1-cm below the midpoint of low margin of

orbit.

M-CK(middle cheek) point: the mid-point of zygomaticomaxillary suture.

TB(tuberculare) : the point of mandibular tubercle.

GN(gnathion) : the lowest median landmark on the lower border of the mandible. It is identified
by palpation and is identical to the bony gnathion. This landmark is the lowest point used

in measuring facial height.

Fig. 1. Selected landmarks of face for three dimensional shape analysis.
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Excel 2002)& 0] 3}01 A9 AR
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AT (17193} 2782, 1998).
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Table 1. General characteristics of 102 subjects

Characteristics Sub-classification Results
Subject Age (yrs.) Male 25.80£6.15
Female 20.31£3.35
Face length (mm) Male 122.38+5.54
Female 113.25+4.79
A. Male 1- B. Female 1-
4;5 £5n ] +4j§¢-u' *‘g: ]
6“%% . : % 6 iy ; ;i;h
e ° o P

Fig. 2. Procrustes superimposition of 10 landmarks for 70 male (A) and 32 fermale
faces (B) with 4 commercia half-mask respirators  (bar).
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Discriminant

Fig. 3. Comparison of facial shapes of 70 males
and 3 females by discriminant analysis.
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Fig 4. The results of cluster analysis for classifying 102 subjects.

A Frontal view 10 Latfml view B Frontal view 10° Lateral view

Scale: 1 cm

Figure 5. Four haff-mask respirator shapes modeled by cluster analysis
for the facial shapes of Koreans
(type A :Flat round elliptic faces,
type B : Bendy long elliptic faces,
type C :Round elliptic faces,
type D : Flat chin and long eliptic faces).

Table 2. Assessment of efficiency by cluster analysis
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positive) 3 A% (efficiency) S =7J3F
Aok 4 3242 Figure 63 2, 2+ 4
WL, Solk, fle, Sl
1 AT Table 29 2Tk A, B, C, D
9] frESe 247 97.10%, 97.10%,
79.71%, 82.61%%, CHE a7t AY
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Epke.
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A=) 3ak AR E o] 83 A3 A
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panel WAS FHISLE, 7} x, yFol Qe
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Aol digt [l RS 2
ok, yFolle dEelx AlLld 27173
B ZF daolE o] &3l o] & &3
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BE AR ek Az ide) 3D
test panel= &SR} SISITE

AA A8 A, B, C, D Ul 7R
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S71A7HA1 9] FREAE o83l 49

(Unit: : %)
Type Sensitivity Specificity False Pos. False Neg. Efficiency
A 100.00 96.61 0.00 16.67 97.10
B 85.71 100.00 3.51 0.00 97.10
C 88.89 76.47 4.88 42.86 79.71
D 59.26 97.62 21.15 5.88 82.61
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Actual Sensitivity=K/K+L
Specificity=N/M+N
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Fig. 6. Classification table and index.
Face shape
133.5 A B ¢ D
2M (2.90%) | 2M (2.90%) |8M (11.59%) |5M (7.25%)
126.1 2T (1.98%) | 2T (1.98%) 8T (7.92%) 5T (4.95%)
T 2M (2.90%) | 8M (11.59%) |15M (21.74%)|9M (13.04%)
E 2F (6.25%)
=
E‘ 1186 2T (1.98%) | 8T (7.92%) 17T (16.83%) | 9T (8.91%)
f ) 7M (10.14%) (4M (5.80%) |7M (10.14%)
E 8F (25.00%) | 1F (3.13%) 8F (25.00%) | 2F (6.25%)
1112 8T (7.92%) | 8T (7.92%) 12T (11.88%) | 9T (8.91%)
6F (18.75%) 2F (6.25%) 3F (9.38%)
T (5.94% 2T (1.98% T (2.97%
103.7 6T (5.94%) (1.98%) 3T (2.97%)

Fig. 7. Distribution of 101 subjects by face sizes and shapes.
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Fig. 8. Male and female, 3D test panel of 25 members

for half-mask respirator.
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