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Estimation of Air Charging Efficiency Using Gaussian Process
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Abstract

To achieve low emission and fuel consumption of vehicle engines, Air Fuel Ratio Control technology is a key
technology, which accurately predicts the amount of air in engine cylinders. For the technology, it is necessary to
recognize the amount of air in the cylinders in real-time, which transiently changes in a complex way according
to driving scenes. We have been studying on estimation technology using a static model called Gaussian Process
(GP). Here we report on our study: a selection method of choosing predictor variables for predicting air volume

by using GP under WLTC mode, and the estimations.
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Fig. 1T Charging Efficiency

HETEE LD, LE—EDRNOFRTEHAANGR
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Table 1 Technical Information

Drive system Front wheel drive 6AT

Engine capacity 1.997L

Water-cooled in-line 4cylinder

Engine type DOHC 16valve engine

Compression ratio | 13

Fuel type Unleaded regular (91RON)

2.2 T—AR0ERFE (Gaussian Process)

BEETVIICIE, AURBERREABVE
(Gaussian Process, MR, GP), GPIZB89 B /\1/V—/\
TA—=R—IF, ANTRIET—RICESVWTRLHETE
ZITISCETRET B0 NTIN—INTA—R—IZ&D,
BT —RIIH L TRRIINGELZRFT 28HIE (—
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WUTFTI& GP DER BB, x FHAZHNT ML,
yZERNEHCL, x Ly ZiREE e L EHITHEUMITTE
REETIL

y=f(x) + & (1)

ERAAHETDICEEZERZ D, xLyDnfAORTH
S5HRZIBRORAT—2ty FQRAIKF>TILEL
TE5Nhied %,

{x,y)|i=1,2,...,n} (2)

TR eRTMILA) ZERL,

X=[xq, X2, ..., X,] (3)
y=[)’11)’z: ---:)’n]r (4)
g=y—f(x) (i=1,2,...,n) (5)

RE @A/ 1X) OGHUIBWTIFEWIHIITR—
DIERDH (6) R

£ ~N(0,02) (6)
ICIRES T ZIRET Do F7=, B (x) DERIRME
fIX =I[f(x)), fix,), ..., fix,)] (7)

ICEWVWTISBEHR A —RILEE k (xx') Z BUL =375 T51
(8)

k(x1,x1) k(x1,xn)
K=k(X,X)= : N : (8)

k(xn,x1) - k(xn,xn)
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Table 2 GP Simulation Parameters

Name Parameter Setting
Kernel as subset size (m) 50
Number of Iteration 100

Minimum Time Lag Inputs/Outputs | 0,1
2/2,5/5,10/10

Trigonometric

Max Time Lag Inputs/Outputs

Kernel function
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Fig. 2 Conceptual Diagram of Preprocessing
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¥ B SRS IACF (Inverse Autocorrelation Function)
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Fig. 3 Result of Inverse Autocorrelation Function
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Table 3 Output of 4-fold Cross Validation

(a)
RMSE: 0.23085 RMSE: 0.03145
R* —1.70510 R*: 0.98071
RMSE: 0.02273 RMSE: 0.07971
R*: 0.98536 R*: 0.91062
(b)
RMSE: 0.48899 RMSE: 0.34740
R* —11.1373 R*: —3.79630
RMSE: 0.21922 RMSE: 0.23634
R* —0.36169 R*: 0.21436

— 153 —

@)
RMSE: 0.02326 RMSE: 0.01459
R*: 0.97254 R*: 0.99154
RMSE: 0.05716 RMSE: 0.03863
R*: 0.90742 R*: 0.97901
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Fig. 4 Output of 4-fold Cross Validation
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