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Optimal lower boundary regression model based on
double norms £ —{, optimization

LIU Xiaoyong, YE Zhenhuan
(College of Engineering, Zunyi Normal University, Zunyi 563006, China)

Abstract: In statistical modeling, regression analysis is a set of statistical processes for estimating the relationships
between a dependent variable and one or more independent variables. Considering the uncertainties in the structure and
parameters of the model derived from sensor measurement data, a new model called optimal lower boundary model is
proposed to remove the uncertainties in parameters and characteristics. The proposed method is a combination of struc-
tural risk minimization theory (SRM) and some ideas from approximation error minimization. An optimal lower bound-
ary regression model (LBRM) is presented using ¢; — ¢; double norms optimization. First, constraint conditions subjec-
ted to LBRM are defined. Then, ¢,-norm optimization based on structural risk is converted into simple ¢;-norm optimiz-
ation so that approximation error between the measurements based on ¢;-norm is computed and minimized. Next,
LBRM is integrated into ¢;-norm optimization (based on structural risk). Thus, simpler linear programming can be ap-
plied to the constructed double-norms optimization problem to solve parameters of LBRM. Finally, the proposed meth-
od is demonstrated by experiments regarding uncertain measurements and parameters of nonlinear system. It has the fol-
lowing prominent features: modeling accuracy of LBRM can be guaranteed by introducing the ¢;-norm minimization on
approximation error; model’s structural complexity is under control by ¢;-norm optimization based on structural risk,
thus the performance of the model can be improved further.

Keywords: £,-norm-based structural risk minimization; £,-norm on approximation error; lower boundary regression

model; generalization performance; modeling accuracy; optimality; linear programming
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Fig.1 Optimal LBRM constructed by our approach,
where 6=5.0
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Fig.2 Approximation error of the proposed method
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Fig.3 Optimal LBRM constructed by our approach,
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Fig. 4 Approximation error of the proposed method when
the over-fitting appeared.
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Table 1 Comparison result between SVs% and RMSE
when the different kernel width o is selected for

£=0.000 1 and y = 1 000

o SVs% RMSE o SVs%  RMSE
0.1 0.9900 456x10° 135 02139 03444
0.2 0.9950 200x107* |40 0.1741  0.3869
0.7 0.8607 0.1352 45 0.1542  0.3880
0.8 0.7313 0.1615 50 0.1493 03939
0.9 0.6667 0.1713 55 0.1393 04141
1.0 0.6418 0.1782 6.0 0.1294 04242
1.5 04279 0.2750 6.5 0.1144  0.4408
2.0 0.5075 0.2995 7.0 0.1194  0.4549
2.5 03035 0.3328 75 0.1144  0.4913
3.0 02338 0.3356 8.0 0.1542  0.5293
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Fig.5 Optimal LBRM constructed by our approach,
where 6=10.5
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Table 2 The k-th support vector (SV) corresponding to the
values of @] —a;

£ 2NY af —ay FrASV o —a
9 —0.26357 47 —0.04762
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46 —0.18217 95 0.292009
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Fig.7 Optimal LBRM constructed by our approach,
where 6=4.5
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Table3 Comparison result between SVs% and RMSE
when the different kernel width o is selected for

£=0.000 1 and y = 10

o SVs% RMSE o SVs% RMSE
0.5 1.0000 1.03x105 |50 02211  0.0078
1.0 0.9895 1.11x107? 55 02105 0.0098
1.5 0.7895 0.0029 6.0 0.2 0.0111
2.0 0.6000 0.0037 6.5 0.1895 0.0113
2.5 04632 0.0036 7.0 0.1684 0.0111
3.0 0.3895 0.0054 7.5 0.1579 0.0111
3.5 03158 0.0052 8.0 0.1579 0.0115
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4.5 0.2211 0.0059 9.0 0.1386 0.0123
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