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Optimization and sensitivity analysis of the humanoid robot’s foot
using the design of experiments

Jiwon Yoon, Taewon Park, Sungpil Jung and Joongkyung Park
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Abstract

These days, up-to-date humanoid robots are continuously developed. Among them, Qrio, Asimo[1,2] are
famous for its unique walking technology and natural movement. These robots could show manufacturers'
technological improvement and leave a good impression to the customer. In accordance with global trends,
Samsung is also producing humanoid robot. The humanoid robot, however, could walk like a human
compared to the industrial robot fixed in the factory. This feature could cause another dynamic effect while
walking. In this paper, the robot's feet were examined to find out parameters that affect stability of the
humanoid robot's feet. With the sensitivity analysis, the optimization procedure in design of experiments finds
the most suitable performance of robot. Maximum deflection of the frame upon various cases was minimized,
and rubber coefficients for shock absorption were optimized.
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Fig. 1 Design procedure
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Fig. 2 Comparison among many humanoid robots
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Fig. 3 Foot designs of HUBO from KAIST (left) a.nd
ARA from KIST (right) at Roboworld 2006 in
Seoul
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Fig. 6 First designed foot
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Fig. 7 Definition of the parameters for sensitivity
analysis
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Pareto Chart of the Standardized Effects
(resporee is Ma: Dzp,, Alpha = .01)
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Fig. 9 Selection of the major parameters by Plackett-
Burmann method
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Table 5. Comparisons of static deflections before and
after optimization

o=z ESRSeT R Hats
1XI2E | 301 38.0 26.10

Case 1 1.27e-1 7.31E-02 -42.44%

Case 2 1.29e-1 7.60E-02 -41.09%

Case 3 5.67e-1 7.00E-01 23.46%

Case 4 5.39%-2 2.87E-01 432.47%

Case 5 3.30e0 3.01E+00 -8.79%

Case 6 1.59E+00 6.85E-01 -56.92%

Case7 1.47E+00 1.67E+00 13.61%

Case 8 7.38E-01 1.43E-01 -80.62%

Weight | 7.70E+02 5.64E+02 -23.8
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Table 6. Definition of the parameters for sensitivity

analysis
Parameter Property
DP1 Exponent
DP2 Damping
DP3 Stiffness
DP4 Static friction
DP5 Penetration
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Fig. 13 Selection of the major parameters by Plackett-
Burmann method
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Fig. 15 Comparisons of dynamic impact
before and after optimization

Table 7. Comparisons of dynamic impact before and
after optimization

Unit: N
olfzd [ zxstex [ Hals
Case 1 5,762 5,994 4.1
Case 2 13,268 10,145 -23.5
Case 3 8,065 9,013 11.8
Case 4 8,690 7,187 -17.3
Case 5 5,665 6,027 6.4
Case 6 4,644 5,075 9.3
Case 7 6,829 5,910 -13.5
Case 8 5,127 5,433 6
Average 7,256 6,848 -5.6
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4. Conclusion
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