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ABSTRACT

Objective: This study is aimed at developing Articulated Human Models(AHM) using superquadrics to improve the

geometric accuracy of the body shape. Background: The previous work presents the AHM with geometrical simplification

such as ellipsoids to improve analysis efficiency. However, because of the simplicity, their physical properties such as a center
of mass and moment of inertia are computed with errors compared to their actual values. Method: This paper introduces a
three steps method to present the AHM with superquadrics. First, a 3D whole body scan data are divided into 17 body
segments according to body joints. Second, superquadric fitting is employed to minimize the Euclidean distance between

body segments and superquadrics. Finally, Fee-Form Deformation is used to improve accuracy over superquadric fitting.

Results: Our computational experiment shows that the superquadric models give better accuracy of dynamic analysis than
that of ellipsoid ones. Conclusion: We generate the AHM composed of 17 superquadrics and 16 joints using superquadric
fitting. Application: The AHM using superquadrics can be used as the base model for dynamics and ergonomics applications
with better accuracy because it presents the human motion effectively.
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Figure 1. An overview of the method
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2. Method
2.1 Body segmentation
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Figure 2. Left hand smoothing (a) low data (b) smoothed data
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Figure 3. Segmented target model(17 segments, 16 joints)

2.2 Superquadric fitting
2.2.1 Definition of superquadric

Superquadrice ©Fet 45 Rd/lesta 339
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Table 1. Fitted superquadric parameter using levenberg-marquardt method

Initial condition Parameter results

Gy Gy G, t t t3 a a, a3 g &
Head 66.28 2.77 | 1606.53 | 65.56 1.84 | 1601.99 | 91.31 74.36 | 146.73 1.00 0.82
Neck 21.13 1.10 | 1469.65 | 25.98 -0.40 | 1428.07 | 44.72 36.84 | 100.00 1.00 0.53
Upper Torso -0.61 -2.41 | 1289.66 0.00 0.00 | 1278.45 | 11042 | 186.57 | 180.00 1.00 0.54
Central Torso 7.81 -4.50 | 1060.31 9.60 -4.66 | 1055.86 | 106.84 | 152.55 | 180.00 0.96 0.75
Lower Torso -13.63 -18.01 | 898.19 | -14.94 -5.93 | 888.93 | 13046 | 162.86 | 173.81 1.00 0.90
Right Upper Arm -2.35 | -207.24 | 1177.80 | -0.17 | -223.62 | 1217.60 | 44.85 61.57 | 242.37 1.00 0.52
Right Lower Arm -145 | -167.10 | 1118.79 7.51 | -167.72 | 1022.16 | 46.56 39.23 | 162.14 1.00 0.66
Right Hand 423 | -171.81 | 792.12 6.31 | -202.23 | 857.80 11.33 | 103.42 34.57 1.00 0.14
Left Upper Arm -2.53 | 209.04 | 1183.18 | -0.06 | 222.92 | 121840 | 44.35 60.85 | 240.12 1.00 0.51
Left Lower Arm -1.05 169.40 | 1117.79 7.21 168.72 | 1002.16 | 46.76 39.30 | 160.14 1.00 0.61
Left Hand 4.13 174.71 | 793.10 6.11 | 200.53 | 860.80 | 12.19 | 100.00 33.87 1.00 0.13
Right Upper Leg -33.81 9449 | 592.74 | -25.62 -84.93 | 703.25 | 101.56 79.40 | 301.79 1.00 0.69
Right Lower Leg -85.31 | -121.40 | 305.53 | -79.86 | -114.96 | 347.60 | 66.82 5348 | 267.50 1.00 0.82
Right Foot -19.21 | -117.93 23.52 | -21.23 | -120.08 33.93 | 104.55 41.00 | 4643 1.00 0.52
Left Upper Leg -33.01 9349 | 593.39 | -27.72 87.81 | 707.18 | 100.83 81.40 | 300.23 1.00 0.67
Left Lower Leg -86.91 120.10 | 303.93 | -78.66 115.66 | 34940 | 67.62 54.38 | 269.60 1.00 0.83
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Figure S. Fitting result of left lower leg

(a) Before fitting(with initial condition) (b) After fitting

2.3 Error minimization using Free-Form Deformation
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3. Results & Discussion
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Table 2. Comparison of the center of mass in left lower leg

Gy Gy G,

Target -86.91 120.10 303.93
Superellipsoid -82.49 116.53 302.54
Ellipsoid -69.69 118.96 238.16

Table 3. Comparison of the area in left lower leg

Target Ellipsoid Superellipsoid

Area(m?) 0.23 0.181 0221
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(@) (b)

Figure 7. Comparison of superellipsoid and ellipsoid
(a) superellipsoid (b) ellipsoid

(b) ()

Figure 8. Human model (a) target model (b) AHM with
ellipsoids (c) AHM with superellipsoids

4. Conclusion

2 =R A 34 $AYEs ES] YERHEA R
A4 PEHIZ JAE 14T T Sle 7MIRIARE S A
sh= WS ARSIk o1& 218 EFIAIET 1IA1S] FA
S g 23T 4 & superquadrics g3 Q1A
2as AASFITE Superquadric . QJIAF S-S T35

W gES sp7] A% Vo] HE=
gl 7 AFME 204 EFEX ]52
tloJEl & o] &33itt AR S
Aget] g8l 4 BES FHoE FEsto] 17ME AlEsh
sklct. ojuf gt B AE 7] 93 GEBODE]
A2 E FEEAY. AAEE 249} superquadric 7+
Ae)E H43Fsk= superquadric FEH|EE G-817] el
LM o] ARgEglon shas kA A3l eak= FFD
= AHEete] FHAs) Sith 2 AFelA= 3 Al A7
o]l & o] &-3F317] wistell A 1 AL} fFAFs BEls A
= 7 omH, o= Al Bk 2AS AZsk=t 2wk

o] ®rk vk 3 A4 &
a5 As] oYl @A
£ superquadric I}&}u
tlofe] glo] TRkt A
e AT = 9l Flo|u}

2 AToA s QARE RIS B v o]
Qokst & itk (D) AR EHEE 7o s g ET (2)
17719 AAEHQ A7} Z47] v E4F9] superellipsoid®
EAETE (3) w8 A Al Bag 16719 #ELA] AR
= 743 Aok (4) 870¢] superquadric IFeRvlE gk
ZHA 3L AR F-3o] 7hs3ttt

sdo] dashy o]& ¢
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Appendix 1. Expressions for Joint Center Locations for Human Adults(GEBOD manual, 1994)

JOINT X Y Z
Head-Neck (Lixc+Lox)/2 (Liy+Loy)/2 (LiALyp)2-1.1811
Neck-Thorax L;xt2.0079 Liy L;,-0.9843
Thorax-Abdomen L4x+2.0079 Lsy Ly
Abdomen-Pelvis Lsxt2.0079 Lsy Lsz

Right Shoulder Lex Ley+1.4961 Les-1.4961
Right Elbow (LoxHLgy)/2 (Loy+Ley)2 (LytLy)2
Right Wrist (LoxtLiox)/2 (Loy*tLigy)/2 (Loz+Li0z)/2
Left Shoulder Liix Li1y-1.4961 Li12-1.4961

Left Elbow (LiaxtLisx)/2 (LiaytLisy)/2 (Li2ztLisz)/2
Left Wrist (LiaxtLisx)/2 (LiaytLisy)/2 (LiaztLisz)2
Right Hip Ligx (Li7ytLigy)/2 (L17ztL182)/2-0.5906
Right Knee (LioxtLaox)/2 (Lioyt+Laoy)/2 (L1oztLa0z)/2
Right Ankle (LarxtLax)/2 (LarytLoay)/2 (LaiztLaz)2
Left Hip Lasx (Ligy+Logy)/2 (L1gz+L047)/2-0.5906
Left Knee (LasxtLoex)/2 (LasytLogy)/2 (LasztLasz)/2
Left Ankle (Lo7xtLogx)/2 (LorytLagy)/2 (La7ztLagz)/2

Appendix 2. Landmark Name(GEBOD manual, 1994)

Landmark Landmark Name Landmark Landmark Name
L, Left Tragion Lis Left Ulnar Styloid
L, Right Tragion L Right Trochanterion
L Cervicale Ly, Right Anterior Superior Iliac Spline
| Tenth Rib Midspine Lig Symphysion
Ls Posterior Superior [liac Midspine Ly Right Lateral Femoral Epicondyle
L Right Acromion Ly Right Medial Femoral Epicondyle
L, Right Medial Humeral Epicondyle Ly Right Medial Malleolus
Lg Right Lateral Humeral Epicondyle Ly Right Lateral Malleolus
Ly Right Radial Styloid Ly Left Trochanterion
Lo Right Ulnar Styloid Ly Left Anterior Superior Iliac Spine
Ly Left Acromion Lys Left Lateral Femoral Epicondyle
Ly, Left Medial Humeral Epicondyle Loy Left Medial Femoral Epicondyle
Li; Left Lateral Humeral Epicondyle Ly, Left Medial Malleolus
| Left Radial Styloid Ly Left Lateral Malleolus
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