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User-Defined Three-Dimensional Human Body Measurement Using
Bone Structure and Cluster Analysis
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Department of Materials Design Engineering, Kumoh National Institute of Technology, Gumi 39177, Korea

Abstract: Recent advancements in deep learning technology have automated human
body measurement, particularly the generation of skeletal information. Among various
free technologies for generating skeletal information, this study investigated a method to
easily obtain diverse human body measurement data using Adobe Mixamo. For the exper-
imental verification, SizeKorea 6th Edition data for 20s women and men with low and high
mesh resolutions were used. Landmarks and cross-sectional curves were found based on

"'Corr.esponding Author: In Hwan Sul bilinear interpolation of bone endpoints. Moreover, the system was designed to allow
E-mail: snowmanO@kumoh.ackr users to define landmarks easily via simple Python-based scripts. Girth sizes and feature
vertical positions showed a maximal 10.7% of errors compared to the SizeKorea manual
Received September 18, 2025 measurement. The errors are mainly from the noise in the clustering process. However, the
Revised November 6, 2025 proposed method had an advantage in that it can be applied to shapes with arbitrary
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Table 1. Mesh data information

ID Height (cm) #ofvertices  #oftriangle
W20/4k 165.00 2,152 4,300
W20/10k 165.00 5,341 10,678
M20/4k 175.99 2,152 4,300
M20/87k 175.99 43,605 87,206

(b) (©) )

Figure 1. Wireframe view of t he four meshes; (a) W20/4k, (b) W20/
10k, (c) M20/4k, and (d) M20/87k.
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Figure 2. Manual assignment of initial feature points in Adobe
Mixamo®.
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Figure 4. Bone structure of the Adobe Mixamo® no-fingered data;
(a) graph view and (b) 3D view at rest pose.
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Figure 5. Example of waist girth (G,.i) and left waist feature point
(FL_waist) search using bilinear interpolation between bone points (B,
B,).
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Table 2. Feature points defined corresponding to the SizeKorea data
SizeKorea measurement .
Type Feature names in our method
Code Name
S-STa-H-[FLO1-HDO1]-SM stature head_tip
Height S-STa-H-[FLO1-SD10]-SM axilla height L/R_axilla
S-STa-H-[FLO1-F301]-SM fingertip height L/R_fingertip
S-STa-H-[FLO1-HP50]-SM crotch height crotch
S-STb-C-[NK10]-SM neck circum. neck
S-STb-C-[SD02~SD10~SD02]-SM armscye circum. (lateral shoulder) L/R_armhole
S-STb-C-[SD14]-SM bust circum. bust
Girths S-STb-C-[WS11]-SM waist circum. waist
S-STc-C-[HP40]-SM hip circum. (feet apart) hip
S-STb-C-[ULO1]-SM thigh circum. L/R_thigh
S-STb-C-[LLO1]-SM calf circum. L/R_calf

S-STa-S-[SD02L~SDO02R]-SM

across back lateral shoulder width

L/R_shoulder, rear_waist, rear_hip

(through back neck point)

S-STa-S-[SD02~EB0O1~WR02]-SM
S-STb-S-[WS11~AK02]-SM
S-STb-S-[WS10~HP50~WS12]-SM

Length

arm length (lateral shoulder)
waist to lateral mallelous length
total crotch length

L/R_shoulder, L/R_elbow, L/R_wrist
L/R_waist, L/R_outer_ankle
F_waist, crotch, rear_waist
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Figure 6. Results of armfit girth finding for different body parts; (a)
whole body of the original F20/4k mesh, (b) bodice part of the bone-
based point-to-bone distance, and (c) torso part of the bone-based
pairwise clustering.
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Figure 7. Effect of different clustering statistical methods for F20/10k
data; (a) k-means, (b) k-medoids, (c) agglomerative clustering, (d)
pairwise clustering, and (f) point-to-bone distance.
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Figure 8. Comparison of body length measurements; (@) mesh
shortest path sand (b) heat method.
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Figure 9. Visual representation for SizeKorea F20/10k data; (a) girths
and (b) feature points.
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Figure 10. Measurement result for the four data; (a) F20/4k, (b) F20/
10k, (c) M20/4k, and (d) M20/87k.
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Table 3. Size measurement results for the SizeKorea 6th female 20's
body (unit: cm)

) SizeKorea Our method (error)
e
yp N[ Value W20/4k  W20/10k
164.96 164.98
stature 165.00 (0.0%) (0.0%)
o 123.02 123.96
_— axilla height 12474 (1.4%) (0.6%)
eig
o 68.78 6841
fingertipheight 6620 350 (33%)
) 76.81 77.02
crotch height 76.16 (-0.9%) (-1.1%)
] 3797 35.89
neck circum. 3643 (-4.2%) (1.5%)
_ 34.38 34.48
armscye circum. 3245 (-5.9%) (-6.2%)
) 81.27 80.34
bust Circum. 83.35 (2.5%) (3.6%)
. o 69.85 72.63
Girth waist circum. 68.35 (-2.2%) (-6.3%)
o 8249 85.68
hip circum. 92.35 (10.7%) (7.2%)
o 5159 40.36
thigh circum. 54.66 (5.6%) (9.7%)
' 33.27 3241
calf circum. 3440 (3.3%) (5.8%)
] 36.78 35.09
shoulderwidth 4022 (8.6%) (12.8%)
53.97 5337
e arm length 54.21 (0.4%) (1.6%)
° waist to malleolus  101.36 91,20 po8
: (10.0%) (11.3%)
66.10 61.16
total crotch 8278 (20.1%) (26.1%)
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Table 4. Size measurement results for the SizeKorea 6th male 20's
data (unit: cm)

; SizeKorea Our method (error)
e
yp Narme Value M20/4k  M20/87k
176.00 175.99
stature 175.99 (0.0%) (0.0%)
. . 134.69 133.64
i axilla height 132.86 (-1.4%) (-0.6%)
ei
° fingertipheight 7120 788 o
gertip heig - (-107%)  (-10.1%)
. 85.65 85.25
crotch height 80.70 (-6.1%) (-5.6%)
] 4023 4433
neck circum. 37.90 (-6.1%) (-17.0%)
] 39.02 38.23
armscye circum. 42.52 (8.2%) (10.1%)
) 83.79 83.83
bust circum. 98.66 (15.1%) (15.0%)
. o 74.74 7421
Girths waist circum. 78.84 (5.2%) (5.9%)
o 8291 37.97
hip circum. 93.99 (11.8%) (59.6%)
o 50.52 50.67
thigh circum. 56.17 (10.1%) (9.8%)
) 33.88 34.07
calf circum. 36.11 (6.2%) (5.7%)
. 35.71 38.99
shoulder width 45.09 (20.8%) (13.5%)
54.15 54.67
- arm length 5837 (7.2%) (6.3%)
eng
. 92.88 93.19
waist to malleolus  105.55 (12.0%) (11.7%)
69.00 68.84
total crotch 49.05 (-40.7%) (-40.4%)
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Figure 11. Measurement example of body with arbitrary pose.

Table 5. Execution time

ID Time (sec)
W20/4k 18
W20/10k 25
M20/4k 19
M20/87k 103
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