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Statistical Analysis and Prediction for Behaviors of Tracked Vehicle
Traveling on Soft Soil Using Response Surface Methodology
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ABSTRACT: For optimal design of a deep-sea ocean mining collector system,based on self-propelled mining vehicle, it is imperative to develop
and validate the dynamic model of a tracked vehicle traveling on soft deep seabed. The purpose of this paper is to evaluate the fidelity of the
dynamic simulation model by means of response surface methodology. Various statistical techniques related to response surface methodology, such
as outlier analysis, detection of interaction effect, analysis of variance, inference of the significance of design variables, and global sensitivity
analysis, are examined. To obtain a plausible response surface model, maximum entropy sampling is adopted. From statistical analysis and
prediction for dynamic responses of the tracked vehicle, conclusions will be drawn about the accuracy of the dynamic model and the performance
of the response surface model.
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Fig. 1 Configuration of tracked vehicle model
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Table 1 Comparison between RSM included outliers and
improved RSM without outliers

RSM included outliers RSM without outliers

R? R?
Vertical sinkage 0.8289 0.9598
Slip 0.7598 0.9792
Pitch angle 0.8467 0.9793

Table 2 Comparison between studentized deleted residual and
Bonferroni critical value

Number of Studentized deleted Bonferroni critical value
simulation residual | ¢; | bn—ny—2,0/2n)
13 6.0713 3.6744
101 7.1391 3.6744
108 7.1135 3.6740
1 3.7020 3.6739
57 9.7951 3.6739
87 4.8408 3.6737
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Fig. 3 Scatter plots of simulation responses with respect to
response surface model: RSM included outliers(LHS) and
RSM without outliers (RHS)
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Table 3 Coefficients of response surface models for
pitch angle, slip and vertical sinkage

Term  Pitch angle Slip Sepliced
Intercept  -20855E-01  15065E-03  -2.5409E-02
W 61326E-02  9.2908E-05  -1.0067E-02
L 19266E+00  -2.0671E-03  1.9015E-02
B -11076E-02  47615B-05  -8.0588E-04
D 75874E-02  -42357E-04  1.0845E-02
h, -1.0873E-01  8.7534E-05  -1.5478E-03
L, -1.3998E+00  9.0093E-04  -6.8669E-03
v, 2.0705E-01  87937E-04  -6.1629E-04
w2 68867E-02  5.6575E-05  -2.5456E-03
WL 54550E-01  44540E-04  54925E-03
WB  92784E-02  10146E-04  -1.0199E-03
WD  -96895E-02  83425E-05  1.8862E-03
Wh, 48519E02  -61775E05  7.7436E-04
WL,  40617E01  2.7675E-04  -6.2812F-04
WV,  24968E02  26582E-05  4.5640E-04
L? -1.3352E+00  1.3575E-038  -1.7349E-02
LB 1.837E01  -1.9903E-4  3.0615E-03
LD 65232E-01  73087E-04  -7.5282E-03
Lh, 15120E01  -12634E-04  24570E-03
LL, 97687E01  -7.6567E-04  2.0582E-02
LV, 29518E-01  -6.0017E-04  2.6305E-03
B? -1.6881E-01  15209E-04  -24812E-03
BD 14932E-01  -15920E-04  2.1364E-03
Bh, 46031E-02  -59600E-05  54945E-04
BL, 6.7377E-03  -16121E05  2.3935E-05
BV, 1.8782E-02  23016E-05  3.2827E-04
D? 99530E-02  -25119E-05  -1.4994E-03
Dh, 6.0357E-02  -5.1591E-05  9.6827E-04
DI, 40940E-01  -31234E-04  1.8154E-03
DV, 12410E01  -28364E-04  5.1988E-04
h? -1.0127E-01  1.0904E-04  -1.1080E-03
h.L, 36841E-02  15859E-05  -1.0810E-03
h,V,  54011E-02  47174E05  -3.4031E-04
h? 98986E-02  7.0594E-05  -8.4653E-03
h,V,  -31563E-02  58054E-05  -1.2214E-03
VE 7753902 17107E-04  -1.2996E-03
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Fig. 6 Comparison of responses obtained by RSM with Hong S. and Choi, JS. (2001). "Experimental Study on
simulation results Grouser Shape Effects on Trafficability of Extremely Soft
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