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Optimal 3D Modeling of Human Manikin Using Bone Structure and

Cluster Analysis
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Department of Materials Design Engineering, Kumoh National Institute of Technology, Gumi 39177, Korea

Abstract: Large-sized objects such as human manikins need a proper a priori mesh seg-
mentation process for successful 3D printing. This paper applied well-known statistical
mesh clustering functions, including k-means, k-medoids, DBSCAN, and pairwise distance.
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Especially, an inventive clustering metric, designated as point-to-bone distance, was pro-
posed to take advantage of bone structure which can be acquired easily from free software

such as Adobe Mixamo. Furthermore, the cut parts were oriented to the optimal directions,
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in which the minimal support structure was expected, using our previous work. Now any
textile or apparel scientists can easily 3D-print their human manikins with arbitrary shapes
and sizes with the help of python language.
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Figure 1. Flowchart of the proposed algorithm.
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numpy np
sklearn.metrics.pairwise imp

cfms_meshcut.cut_math imp

pairwise_distances
t point_to_bone_dist

def point2bone_clustering(

V, #triangle vertex coordinates

BO., #parent_bone_pos

B1l): #child_bone_pos
point6f = np.concatenate((V, V), axis=1)
bone6f = np.concatenate((BO, Bl), axis=1)
distances = pairwise_distances(

point6f, bone6f, metric=point_to_bone_dist)

groups = np.argmin(distances, axis=1)
return groups

Figure 3. Python code example of the new clustering using point-
to-bone-distance.
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Figure 5. Brief illustration of the previous algorithm for the shell
mesh [11].
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mixamo

Figure 6. Motion and Bone structure preparation using Adobe
Mixamo homepage.
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Figure 7. Screenshot of the python codes executed (from left:
original mesh, DBSCAN/5, k-means/2, agglomerative/20, and k-
medoids/20 results).
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ID name clock threads precision
(GH2) TFLOPs'
AMD Ryzen5
CPU1 7500f 3.7/5.0 6/12 13
AMD Ryzen9
CPU2 7950X 4.3/5.7 16/32 1.8

T Tera FLoating point Operation Per Second.
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Figure 8. Clustering result with different metrics and sample
distance thresholds; (a) DBSCAN, (b) k-means, (c) agglomerative
clustering, and (d) k-medoids. From left-hand-side row, k=2, 5, 10,
and, 20, respectively.
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Table 2. Quantitative results for the static A-pose avatar using clustering methods

DBSCAN k-means Agglomerative k-medoids
k # I[mm] Mss /Imm] Mss . /Imm] Mss . ITmm] Mss
u o Le] u o} Le] u o Le] u o la]
2 57 14.5 243 234 1157 818 249 3 95.2 68.1 230 3 1158 819 222
5 3 69.7 91.7 226 103.1 779 255 6 47.7 37.2 216 6 689 594 214
0 2 9296 996 226 1124 682 296 1 404 191 186 1 443 237 203
20 2 296 996 226 15 1177  60.1 337 21 313 136 15.1 21 312 174 166

k: clustering parameter, # number of cut parts, | object length, u: mean length, o: length st. dev.
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Figure 9. Optimal orientation examples of the four clustering
methods/threshold values; (a) DBSCAN/5, (b) k-means/2, (c)
agglomerative/20, and (d) k-medoids/20.
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Figure 10. Clustering results with no-finger bone information; (a)
bone structure, (b) k-means, (c) k-medoids, and (d) pairwise-distance.

Table 3. Quantitative results for the bone-imposed avatar

Cut parts
Method - /Imm] Mss
u o [q]
k-means 25 282 126 19.2
k-medoids 25 28.8 16.2 20.8
Pairwise 21 329 13.7 19.0
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Figure 11. Comparison of clustering results with respect to the hand
bone details; (a) no-finger case, (b) 2-finger case. Note that the right-
hand thumb belongs to the left forearm in Figure a.
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Figure 12. Clustering results for the 2-fingered avatar with different
functions; (a) bone structure, (b) no cutting, (c) k-medoids, (d) bone-
based k-means, (e) bone-based k-medoids, (f) bone-based pairwise
distance, and (g) bone-based point-to-bone distance.
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Table 4. Clustering result for the 2-fingered avatar (k=20, search angle interval =10 °)

Cut parts .
Calc. time [sec]
Method 4 ITmm] Mss
u o lg] CPU1 CPU2
No cut 1 107.8 0.0 144 16 0.7
k-medoids 20 233 121 11.0 243 12.2
k-means 40 16.9 6.6 106 325 219
Bone- k-medoids 40 16.1 125 11.0 26.8 231
based Pairwise distance 34 18.1 9.7 108 223 187
Point-to-bone distance 40 16.5 109 11.0 28.8 246
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Figure 13. Mesh jaggedness examples; (a) our current result and (b)
subdivided result.
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