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Optimization of Ground Contact Model of Ankleless
Lower Exoskeleton Robot for Gait Simulation
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Abstract: The purpose of this study is to optimize parameters of a contact model to obtain similar
ground contact force of human walking. Dynamic walking simulation considering ground contact is
performed to determine load specifications when developing walking assist robots. Large contact
forces that are not observed in actual experimental data occur during the simulation at the initial contact
(e.g., heel contact). The large contact force generates unrealistic large joint torques. A lower exoskeleton
robot with no ankles is developed with the Matlab simscape and the nonlinear hyper volumetric contact
model is applied. Parameters of the nonlinear hyper volumetric model were optimized using actual
walking contact force data. As a result of optimization, it was possible to obtain a contact force pattern
similar to actual walking by removing the large contact force generated during initial contact.
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[Fig. 1] Simscape block diagram (right leg)
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[Fig. 2] Simscape model of lower exoskeleton robot with no
ankles

[Fig. 3] Schematic of lower exoskeleton robot with no ankles
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2.2 Nonlinear Volumetric contact model
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[Fig. 4] Schematic diagram of penetration volume between two
bodies in contact
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(a) Measured ground contact forces with experiments
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(b) Computed ground contact forces with simulations

[Fig. 5] Ground contact forces
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[Table 1] Optimized parameters
.. Lower | Upper .
Parameter | Initial value Bound | Bound Optimal value
k, [N/m?] led led lel0 2.7209¢4
a, [Ns/m'] led le4 1e10 2.5247¢6
H 0.1 0.1 3 0.4310

[Table 2] 10 parameters with the smallest objective function

values
Objective
Param | k, [N/m?] a, [Ns/m*] H function

value

1 1.0000e4 1.0002¢4 0.3133 0.1709

2 1.1053e6 1.1059¢4 0.3250 0.1711

3 2.7209¢4 2.5247¢6 0.4310 0.1789

4 2.7207¢4 2.5248¢6 0.4310 0.1789

5 3.0336¢6 3.0336¢6 0.7750 0.1860

6 5.0050e6 5.0050e6 0.8347 0.1899

7 5.0050e6 5.0050e6 0.9602 0.1902

8 5.0050e6 5.0050e6 0.9602 0.1902

9 5.0050e6 5.0050e6 0.9602 0.1902
10 5.0050e6 5.0050e6 0.9602 0.1902
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[Fig. 6] Comparisons of Ground contact forces

Jp

9 sl e E

o HAske = g}a}um% @35}%‘% 85, =

bl A H o] 352 04171 83.45%1141 5.18%7F

ioﬂq_

= 7V SOl A gigk HEE S 54
255 AR ] AAsliAE AL Al dig

m i

N

2

SR
HHND:A rz
Y
Hurr o

2

)

9,
=

w g (oM 1—11
-
™

_0|L

32
X
=)

1S

Al

flo

2

UL G o) 298 Riol A 4% 1Y HH3) 485

38t ol g} W3 Sl wlE HEE T SAsko]of 3
ol b AR TRk A 2400 ik H o] HEE S 2k
= e EE 3= o] B g st

References

[1] LS. Lee, J. S. Kim, S. H. Kim, J. E. Lee, M. G. Kim, and J. H.
Park, “Research Trends of Humanoid Robots,” Robot and Human,
vol. 16, no. 3, pp. 3-11, Jul,, 2019, [Online], https://www.dbpia.
co.kr/journal/articleDetail?nodeld=NODE09277430.

[2] J. H. Jang and U. G. Song, “Research Trends of Wearable
Robot,” Journal of the KSME, vol. 56, no. 2, pp. 42-46, Feb.,
2016, [Online], https://www.dbpia.co.kr/journal/articleDetail?
nodeld=NODE06599543.

[3] H. S. Uh and K. C. Kong, “Research Trends and Prospects of
Wearable Robot,” Journal of the ICROS, vol. 25, no. 1, pp.
24-33, Mar., 2019, [Online], https://www.dbpia.co.kr/journal/
articleDetail?7nodeld=NODE(07993373.

[4] Robot News, Leading Top Five Exoskeleton Robots, [Online],
http://www.irobotnews.com/news/article View.html?idxno=587
1, Accessed: Nov. 14, 2022,

[5] Robot News, [Special Issue for RoboWorld 2022] Humanoid
Robots are rising up, [Online], https://www.irobotnews.com/
news/articleView.html?idxno=29871, Accessed: Nov. 14, 2022.

[6] E.Corral, R. G. Moreno, M. G. Garcia, and C. Castejon, ‘Nonlinear
phenomena of contact in multibody systems dynamics: a review,”
Nonlinear Dynamics, vol. 104, pp. 1269-1295, Mar., 2021, DOL:
10.1007/s11071-021-06344-z.

[7] P. Flores and H. M. Lankarani, “Solid Mechanics and Its
Applications,” Contact Force Models for Multibody Dynamics,
Springer Cham, 2016, DOI: 10.1007/978-3-319-30897-5.

[8] H. Hertz, “About the Touch of Solid Elastic Bodies,” Journal for
pure and applied mathematics, vol. 1882, no. 92, pp. 156-171,
1882, DOI: 10.1515/crll.1882.92.156.

[9] K. H. Griffin, “Impact: The Theory and Physical Behavior of
Colliding Solids,” The Aeronautical Journal, vol. 65, no. 606,
pp. 443-443, 1960, DOIL: 10.1017/50368393100074861.

[10] K. H. Hunt and F. R. E. Crossley, “Coefficient of restitution
interpreted as damping in vibroimpact,” Jowrnal of Appied.
Mechanics, vol. 42, no. 2, pp. 440-445, Jun., 1975, DOIL: 10.1115/
1.3423596.

[11] M. Wojtyra, “Multibody simulation model of human walking,”
Mechanics Based Design of Structures and Machines, vol. 31,
no. 3, pp. 357-379, Feb., 2007, DOI: 10.1081/SME-120022855.

[12] S. H. Scott and A. W. David, “Biomechanical model of the
human foot: kinematics and kinetics during the stance phase of
walking,” Journal of biomechanics, vol. 26, no. 9, pp. 1091-1104,
Sept., 1993, DOI: 10.1016/S0021-9290(05)80008-9.

[13] W. Petersen and J. Mcphee, “A Nonlinear Volumetric Contact
Model for Planetary Rover Wheel/Soil Interaction,” ASME 2013
International Design Engineering Technical Conferences and



486 =353 =5x) A18A A4E (2023 12)

Computers and Information in Engineering Conference, Portland,
USA, 2014, DOIL: 10.1115/DETC2013-13483.
[14] M. S. Shourijeh and J. McPhee, “Foot-ground contact modeling
within human gait simulations: from Kelvin-Voigt to hyper-
volumetric models,” Multibody System Dynamics, vol. 35, no. 4,
pp- 393-407, Jun., 2015, DOL: 10.1007/s11044-015-9467-6.
E. Reznick, K. Embry, R. Neuman, E. Bolivar-Nieto, N. P. Fey,

713
2022 Zthetul 7|45 3 HEh
2022~ el 71AlE SN AARY)

[15

—_

and R. D. Gregg, “Metadata record for: Lower-limb kinematics “
and kinetics during continuously varying human locomotion,” ARk 2RYX QP2 L
Scientific Data, vol. 8, no. 1, Oct., 2021, DOI: 10.1038/s41597-
021-01057-9.
[16] Korean National Police Agency, Manual for Implementation and
Maintenance of Traffic Signal, [Online], https://www.police.go. TA R =
kr/user/bbs/BD_selectBbs.do?q bbsCode=1001&q_bbscttSn=2 2015 23k 7)1 Z3HERD
0201201084730717, Accessed: Jan. 23, 2023. 2017 22 et AlAIS-SSHAAD

17] WIKIPEDIA, Spherical Onli https://en.wikipedia.
[17] A, Spherical cap, [Online], https://en.wikipedia.org/ 201887 ZAT|EL A

wiki/Spherical_cap, Accessed: Dec. 05, 2022. o

- 4 PR s T 1 2N Sl s

[18] D.H. Lee, H. W. Park, H. W. Kim, and S. B. Han, “Kinematics of ‘ t . PR siA g
Normal and Pathologic Gait,” Journal of Korean Orthopaedic

Research Society, vol. 7,no. 2, pp. 169-177, Oct., 2004, [Online], PAEok: 2 HEIS Z=HEHA AFEak
https://ir.ymlib.yonsei.ac.kr/handle/22282913/11226.

1997 A3t 7)AZsHERD

1999 ZABIhBkE 7B AR A7)

2005 Telchakm 7 AIESI AL, Sods)
2 Ao])

A 2008~%A ZAsk W

ATk 71, SHRA, ALER, PE =



	보행 모의 실험을 위한 발목 없는 하지 외골격 로봇의 지면 접촉 모델 최적화
	Abstract
	1. 서론
	2. 모의실험 환경 및 접촉모델
	3. 발-지면 접촉 모델 최적화
	4. 결론
	References


