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Transient cylinder air charge estimation with nonlinear Kalman filter
for air-fuel ratio control of gasoline engines

FENG Yu, JIAO Xiao-hong’
(College of Electrical Engineering, Yanshan University, Qinhuangdao Hebei 066004, China)

Abstract: Since accurate estimation for transient cylinder air charge is an effective method for improving the accuracy
of transient air-fuel ratio control of engine, an estimation algorithm based on unscented Kalman filter is proposed for the
transient cylinder air charge. Furthermore, a feedforward-feedback controller of the air-fuel ratio is designed by utilizing
the estimated cylinder air charge. Simulation comparison in MATLAB is given with the existing estimation algorithm
for the cylinder air charge. Meanwhile, the effectiveness of the proposed estimation algorithm is validated by simulation
illustration of air-fuel ratio control based on the estimated transient cylinder air charge. The difference from the existing
results lies in three aspects: firstly, the estimation model for transient cylinder air charge, which includes the crankshaft
rotation velocity dynamic besides the intake manifold pressure dynamic and also is described as the mean-value model
obtained by nonlinear identification, secondly, the utilization of digital filter with moving average for dealing with the
pumping fluctuations, and finally, the adoption of unscented Kalman filter for estimating the intake manifold pressure and
crankshaft rotation velocity.
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1 5|5 (Introduction)
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charge estimation model and identification)
2.1 JELRPEIYMEBRY (Nonlinear mean-value model)
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Fig. 1 The sketch of engine system
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2.2 A 2 HE R (Identification for model para-
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2.2.1 FHABREBIAUA (Static functions fitting)
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Fig. 2 Static functions fitting MAP
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m/bg. 150
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I LA E2(0) B s, B/ Z IR vk
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Jw = (caw?+eswcg)pm+crw? +csw—+co—Ti, (13)
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2.2.2 FHESFEFHR(Dynamical parameters identi-
fication)
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Fig. 3 Response of the identified parameters 1/J and c1/J
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gorithm)
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Fig. 4 Manifold pressure before and after filter
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signal preprocessing)
HABE IR S RN FE R TS
I S & ZE 1 R B . Sk R BIHLAE ST A
1600 v/minfIARSIBAT T, —MNRSIPIEIR A 1) BCE
JEJ7 e, ISR BUE H IR S E— N KB
TR N R 64K, 18 ML MR, R AR 120°.

x10*

361 -
E L -
& 35]
< 3

3.4

1EER
Bl 5 —ANRBWIEIRIEE ) thek

Fig. 5 Manifold pressure in one cycle
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Fig. 6 Manifold pressure before and after filter

3.2 MBS BT (Observer design)
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Table 1 Kalman frame
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b) XN sigma AUE A

Wit = M(n+ X),
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c) Xfsigmapi HATIEL ML Y, = g(x:), 155
AR JE IRME RN T 2

_ 2n
Y = Z Wim}/iv
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Py =3 Wi [(Yi-Y)(Yi-Y)T].
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JacobianFifE, HXTIELME A MGt ERITHERER
DREEB] Hr, MRS TEKFE. itk A303% FHUKFRE
TR EM
3.2.2 ETUKFRBES AL TH5E (Air charge esti-

mation based on UKF)

R TAERAGE T 0 -R/R A THEE, B AExT
() B, 15BAHN ) B AR

pm(k+1) :pm(k)+TSCS [mat(k) -

O (k)] +wp,, (F)
w(k+1) = w(k)+T/J[g1(w)pm (k) +g2(w)—
dw (k) —Ti]+w, (k)
Om(k+1) = 6 (k) +ws, (k).

(1iap (k) +

(18a)

Rty Y

Y(k) = [P (k) + 15, (k) w(k)+v, ()],  (18b)
Horh: 6, 5 M p B R 2 S R R D I
WA w,, (k), w,(k), ws, (k)4 78G5 (KR A58 75,
Upo, (k) v (k) I IR | T, 4 SRR 3.
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= [wy,, (k) wy, (k) ws, (E)]T, vp = [vp,, (k) v, (K)]T,
FR Bw, Flo BEIE R0, 7724 B QR RITE AR
MR EMErs | R(18) AT AT B R

= f(xk, up) + wy,

L1
19
{yk_cwk+vka (19

Emﬁmﬁmcz[éﬂ.

R UKFEZA SRS E AT, BAAPERA:
a) FIhtk: X, = X(0), Py = P(0).
b) %%ﬂ'ﬁl:%izﬁ'ﬁﬂlsigma)ﬁxi,k—h I B AL
HEWmFHWe,
c) T XFIEEN A sigma AE TR LR AR
X wpe—1 = F (Xih—15 up-1)-
AR EIMEF 7 Z ) TIA

2n

Xk\k—l = ;} WimXZk\kfp
Prjp—1 = ;X_T% mc[(xr,mkq_Xklkfl)
RTINS AL EYe)
I R BT sigma RS
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" 2n
Y1 = Z WY kik-1,

ZW[( i k[ k— 1—Yk|k 1) X
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d) BT

Ky, = ka,ykpfkla
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ﬁ;EPKk‘kj\jKalmaniEﬁ,
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4 RSB (Air-fuel ratio controller)
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Fig. 7 Schematic of air-fuel ratio control system

5 {ELUF(Simulation validation)
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Table 2 Two operation modes

T REWEE/G - -min~Y)  HE/N - m)
1 1300 ~ 1920 60
2 1600 ~ 2200 65 ~ 25

5.1 B E A E K05 R E(Simulation of
air-charge estimation algorithm)

43y HIxHFEKF 53 FUKFR GRS 2 H it
ATOTESER, 245 HEAT 12 18] o 55 SERR L 50 I & PR L
HARRZ BRI .

A ESHREN T REENYERYE T
SLBHTIERE, & XT = [0.36 163], Rz 7 25K
VISR A B R BUE, A Py = 1001, ey
ZHNERE R T RS SE Q5 RINBEXRR K
WIERE S AR B SRR i E

Q = diag{6 x 107%,107%,107°},
R = diag{10™*, 6 x 1073}.

I8N O PR 8T 2 L350 T 43 3 K FHEKF AN
UKFEIEIER M KL RSB L. SIRESE
HIF 38R 2 B P in 3R 3 7. X lLUKFS EKF
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Fig. 8 Engine states in operating mode 1
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Fig. 9 Engine states in operating mode 2
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Table 3 Comparison of mean errors

N /Pa wi(rad-s™1
ﬁﬁi Pm ( )
IH1 T2 Ikl Ik
EKF 2.2954 8.0723 0.0059 0.0039
UKF 1.979 2.0924 0.0036 0.0028

AT BAERE T IO R R SR VA A TS EE,
HEAT T 100#XMonte Carloffj H325. £ B LA T 3
TZEVEMEKFSE L RIS B RCR. TR Fa b 88
F IR R S K 477 AR 2 (root-mean-square
error, RMSE). & SRS THI T RIRZEH

1A iN2
E= N;(xk_%),

H. AN A Monte Carloffi B E. RS E HKIRMSEL;
B 28 an B 10T 7R, FF 45 HRMSESR A5 3548, 40
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E
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Fig. 10 Root-mean-square error based on EKF and UKF

% 4 R ASRMSEd# {4
Table 4 The mean for RMSE of estimated state

N /Pa wl(rad-s™t
Tl IH2 ITH1  ITH2
EKF 49.8983 50.4012 0.0256 0.0210
UKF 32.3574 30.0341 0.0145 0.0076

HRAT LLE H, 76 RS540 T, UKFIE 3 HE
FRAG T RS P BN 2 T EKFE I L Al RS B, 3X
IEIEEE?UKFWFHUTE%M%@WLUB’Jﬁﬁ*ﬂﬁﬁ,

W4 T EKFAEEH AT R E R .

TR B R BES B M., 523 SR B S2haE
HRI R E 1R, 7] BUE 1, 2 T UKFRES
%ﬁﬁ%ﬁ%ﬁz%iﬁﬁﬁ% TR, B R T

SHIFTHERRNY, 1528 RS = A5

,‘5‘ 19 T T T .‘f\ 16 T T T
Mxéo 17: ] ;D 15+ 4
?, i ] 8 14 3
W [ " ] w 3] -
r nt 1 r L 4
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t/s t/s
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—Jliffd  —EKF ——UKF
B 11 #EREMTHESUEE
Fig. 11 Estimated and measured air mass flow
5.2 ARSI R R AUE(Simulation of air-fuel

ratio control)

AT RAE AR T B E R R, R T
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Fig. 12 Air-fuel ratio under feedforward-feedback control

6 45i8(Conclusions)
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