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Abstract

With the rapid development of the automotive industry, energy and environmental issues have
followed, and it is of great significance to improve the fuel efficiency of automotive engines. This
article is based on vehicle displacement, horsepower, vehicle length, vehicle weight and other in-
dicators, using fuel efficiency as a dependent variable, and vehicle index as an independent varia-
ble to establish a regression model. Focusing on the problem of multicollinearity in the model, we
try to use the variable selection method, stepwise regression method, principal component re-
gression method, Ridge regression and Lasso, and partial least squares method to improve the
common multiple linear regression model, and compare various methods. The advantages and
disadvantages are selected from the best methods.
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Table 1. Symbol description
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Table 2. Description of missing values (NA indicates missing values)

5% 2. GBREEIRAB(NA RRBRSK(E)

b5 y X x x3
23 5.87286 6.6 250.675 NA
24 11.2926 1.6 101.625 112.465
25 10.4076 2.3 116.53 NA
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Figure 1. Scatterplot matrix
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Coefficients:

Estimate std. Error t value Pr(=|t])
X1 42.3457 3.4052 12.436 6.39e-13 #=w®=
X2 0.5232 0.0882 5.932 2.20e-06 ##=

signif. codes: 0 ‘***’' 0,001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 * ' 1

rResidual standard error: 12.75 on 28 degrees of freedom
Multiple R-squared: 0.9985, Adjusted R-squared: 0.9984
F-statistic: 9157 on 2 and 28 DF, p-value: < 2.2e-16

Figure 2. Regression results (x3 is dependent variable)
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Table 3. Correlation coefficient matrix

3. EXRAE

y X X2 X3 X4 Xs X6 X7 X3
y 1.00 —0.88 —0.81 —0.86 0.36 0.59 -0.75 -0.77 —0.86
X1 —0.88 1.00 0.95 0.99 -0.33 —0.63 0.86 0.80 0.95
X2 —0.81 0.95 1.00 0.97 —0.29 —-0.52 0.80 0.72 0.88
X3 —-0.86 0.99 0.97 1.00 —0.32 —-0.63 0.86 0.79 0.94
X4 0.36 —0.33 —-0.29 —-0.32 1.00 0.37 —0.26 —0.32 —-0.28
Xs 0.59 —0.63 —0.52 —0.63 0.37 1.00 —0.55 -0.43 —0.54
X¢ —-0.75 0.86 0.80 0.86 —0.26 —0.55 1.00 0.88 0.95
X7 -0.77 0.80 0.72 0.79 —0.32 -0.43 0.88 1.00 0.90
X3 —0.86 0.95 0.88 0.94 —0.28 —0.54 0.95 0.90 1.00
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Xo IV R BT SUR G LB, x xg BITT Z KA T HRARR R (351 9.96 F1 9.87), ALHik
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4.2. EZMEF%
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coefficients:

Estimate
X1 -0.942790
x2 -0.012419
x3 0.020112
x4 0.474538
X5 1.231054
X6 2.994165
X7 -2.642442
x8 -0.006104
X9 0.527349

0
rt
Q

OONHOOOOO_

Error t value pr(>|t])
.857743 -1.099 0.2831
.016460 -0.754 0.4582
. 018654 1.078 0.2921
.483155 0.982 0.3362
. 680639 1.809 0.0836 .
. 246072 2.403 0.0247 *
.895681 -0.913 0.3709
.002337 -2.612 0.0156 *
.851102 0.620 0.5416

Signif. codes: 0 ‘¥*%*%’ 0,001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ * 1

Residual standard error: 1.054 on 23 degrees of freedom
Multiple R-squared: 0.9858, Adjusted R-squared: 0.9802
F-statistic: 177 on 9 and 23 DF, p-value: < 2.2e-16

Figure 3. Regression results (y is dependent variable)
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Table 4. Variance inflation factor

4. BEWKET

V=N
AT X x2 X3 X4 Xs X6 X7 X3 X9

VIF 539.1 296.4 994.5 461.8 127.9 1075.1 796.6 445.4 14.1
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Ccoefficients:
Estimate std. Error t value pr(>|t])
(Intercept) 1.773875 3.991365 0.444 0.6601

X5 0.929261 0.425763 2.183 0.0376 *
X6 2.952884 1.098930 2.687 0.0120 *

x8 -0.007278  0.001327 -5.485 7.37e-06 ***

Signif. codes: 0 ‘*¥**’ 0,001 ‘**' 0.01 ‘*' 0.05 ‘.” 0.1 * "1

Residual standard error: 1.012 on 28 degrees of freedom
Multiple R-squared: 0.8151, Adjusted R-squared: 0.7953
F-statistic: 41.14 on 3 and 28 DF, p-value: 2.156e-10

Figure 5. Regression results of all possible subsets
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Coefficients:

Estimate std. Error t value pPr(z|lt])
(Intercept) 11.9378 0.5111 23.36 < 2e-16 ¥%¥%
x1 -1.0223 0.1014 -10.09 3.74e-11 ¥%%

signif. codes: © **vx: § 001 “*** O 01 *** 0.05 “‘." 0.1 * "1

Residual standard error: 1.085 on 30 degrees of freedom
Multiple R-squared: 0.7723, Adjusted R-squared: 0.7647
F-statistic: 101.7 on 1 and 30 DF, p-value: 3.743e-11

Figure 6. Regression results of stepwise methods
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Lasso it th (R 2] 1 AR Bk #AE A, 1 I R ZOBRER B 1 o, M, 775 AR IEHN.
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Figure 7. Model diagnostic plots
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Figure 8. Cross validation
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44.1. ERSEYA

TR R T A A O F AR, S AR, BRI Sl T SR R S —IRVETE SR
ER R IR B AN A, NG RHRE L AR 7], R E R R AR HELL 5 8 B H
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WEMRDRREN Z, IR X, AR Y, W Z=xV

HA YR ZIEEFEANY =ZB+e, fHFEIENFEARY =Z8

PR £ SRR R, WOEAEREN Y =Zf=XV B2 Xy, WESLT YR X HEIHT
B, HAEHRS =V 5 .

N T B A A E R R 22 5, NSRS T ARAEALARER T e (LA 9) A B [BIA (LA 10)
AARUTE

i 7 =V 3 Ay RIE 45 5

sy =—0.1545sx;, —0.1481sx, — 0.1549sx, +0.06165x, +0.10565x; — 0.14655x, —0.0842sx, —0.15265x,

44.2. FEEERSEYT

ANTEA TR EVAMIER 7 v SRAR R AR /NB T 225 R BTN K S LA, LR ERHT p 41, (B
FRM G p AT, EIRREIAETHEN 7, =V B, -

EFHEEII, p HT20, BEARFEIRME, FEEEWNFF. XERAIEBIE R0+, $2H
P ER I, B TTERRIE R T 81% (W 1), N T RIZ, AT R TR

Importance of components:

comp.1 comp. 2 comp. 3 comp. 4 comp. 5 comp. 6 comp.7 Comp. 8
Sstandard deviation 2.2943695 1.0067608 0.86596811 0.66649632 0.46154271 0.21520760 0.116824833 0.07210470
Proportion of variance 0.6792428 0.1307829 0.09676139 0.05731837 0.02748667 0.00597604 0.001761038 0.00067085
Cumulative Proportion 0.6792428 0.8100256 0.90678704 0.96410540 0.99159207 0.99756811 0.999329150 1.00000000

Loadings:

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8
x1 -0.418 -0.148 -0.158 0.148 0.517 -0.431 0.550
x2 -0.401 -0.120 -0.322 0.462 -0.599 0.295 0.243
x3 -0.419 -0.153 -0.149 0.230 0.100 -0.298 -0.792
x4 0.167 0.662 -0.682 0.251
x5 0.286 0.473 0.229 -0.778 -0.129 -0.128
x6 -0.396 0.164 0.105 -0.676 -0.457 -0.366
X7 -0.228 0.543 0.645 0.391 0.275
x8 -0.413 0.111 -0.130 -0.396 0.381 0.698

Figure 9. Principal component analysis

9. ES I

Ccoefficients:
Estimate std. Error t value pPrltl)

pri1 0.36954 0.03636 10.164 3.58e-10 *%%
pr2 0.09799 0.08286 1.183 0.2486

pr3 0.11613 0.09633 1.205 0.2398

pr4 0.13191 0.12516 1.054 0. 3024

prs 0.05152 0.18074 0.285 0.7781

pré -0.81882 0.38762 -2.112 0.0452 =
pr7z -1.16037 0.71406 -1.625 0.1172

pr8 -1.01158 1.15692 -0.874 0. 3906

signif. codes: O *“®*%%’ Q0.001 “*%’ 0.01 *“*’ 0.05 ‘.’ 0.1 * * 1
Residual standard error: 0.4719 on 24 degrees of freedom

Multiple R-squared: 0.8276, Adjusted R-squared: 0.7701
F-statistic: 14.4 on 8 and 24 DF, p-value: 1.866e-07

Figure 10. Principal component regression
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coefficients:

Estimate std. Error t value pr(G|t])
prl 0.36954 0.03900 9.476 1.58e-10 %%
pr2 0.09799 0.08887 1.103 0.279

Signif. codes: 0 ‘*%%’ 0,001 ‘*%*’ 0.01 ‘*’ 0.05 ‘.” 0.1 “ " 1

Residual standard error: 0.5061 on 30 degrees of freedom
Multiple R-squared: 0.7521, Adjusted R-squared: 0.7356
F-statistic: 45.5 on 2 and 30 DF, p-value: 8.214e-10

Figure 11. Incomplete principal component regression
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sy =—0.1625sx, —0.1492sx, — 0.1585sx; +0.0660sx, +0.11sx; —0.1396s5x, —0.05945x; —0.15965x,
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(R =Pl i 7 ik i S R RS B AT, AN[R] B8 D EAAS [ (R P 0 b, 2 SR AN I[9]. 81
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Figure 12. Partial least squares regression cross validation results
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