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Inaccuracy of the in-cylinder air estimation decreases the engine performance because

it directly relates to the combustion and the amount of injected fuel.

In this work, an Extended Kalman Filter (EKF) is proposed as observer of the in-
cylinder air estimation on the engine model from AVL- Boost. We used the ideal gas law to
design the system model in the intake manifold of a four cylinders engine 2.5 liter running on

diesel dual fuel mode with natural gas.

The comparisons are based on simulation results between air estimation from the EKF
and mass air flow (MAF) sensor. When compared to the data from MAF sensor, the EKF
estimator can reduce estimation error up to 20 percent referring to the in-cylinder air from AVL-

Boost.
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#131: Takahashi and Sekozawa (1995)
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— m via speed~dén5|ty
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- @5 State (State variables)
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Actuators data
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910 (19) WeUANMTOATING 1MaUD3 Burned gas 1 loidonoonninnszuengy
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. ) ' 4
= Masp.bg (t '\ T[EG) + (md + Mg ) . (_j

}(md i)
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d’ A 1 T 9 9 . = A:ly
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HENTUIN
mexh = mexh,bg + mexh,a (42)
910 (34), (38), (40), (41) ag (42) ennsoleuaumsves F, lui'lddail

Floh (t):[
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EGR Valve Position vs Time
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w10° EGR Mass Flow Errar vs Time

EGR Mass Flow Error (kg/s)(at 2000 RPM)
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idovyuioun 14n1n AVL - Boost
3. M5 State uazanns State (State Variables and State Equations)

N0 2.1, 2.2 tag 2.4 N lana1n 3vedu thuimssiuadauls State naaald
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9
~
JU

T
x=[x; x, x]

. (44)
= [])int F;nt Hegr]
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x=0

Yy =X
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9 v
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5. mammyszansmwda3u1as (Volumetric Efficiency)
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6.1 Discretization
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= 1

Tas T fAeo e ldlumsguan (Sampling time)
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6.1.3 State A9 3; X,
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6.2 AUMITZUVVUALANNITNITIA (System and Measurement Equations)
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APC vs Time, Boost(b}, Kalmani(r), MAF(g)
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APC vs Time, Boost(b), Kalmanir), MAF(g)
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APC vs Time, Boost(b), Kalman(r}, MAF(g}
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APC vs Time, Boost(b), Kalmani(r), MAF(g)
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APC vs Time, Boost(b), Kalman(r}, MAF(qg)
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Engine 2KD-FTV (2008)
Cylinder 4 Cylinders 121589
Displaced Volume 2494 cc
Intake Manifold Volume 0.001583 m’
Bore 92 mm
Stroke 93.8 mm
maNand n2 Anlszansmmidalsinas
Engine Speed
(rpm)
L.M. Pressure 1200 1600 2000 2400 2800 3200
(x 10° Pascal)
1 0.9793 0.9576 0.9485 0.9522 0.9685 0.9975
1.05 0.9576 0.9267 0.9085 0.9029 0.9101 0.9299
1.1 0.9466 0.9065 0.8791 0.8644 0.8624 0.873
1.15 0.9464 0.8971 0.8606 0.8366 0.8254 0.8269
1.2 0.9569 0.8985 0.8527 0.8196 0.7992 0.7915
1.25 0.9782 0.9106 0.8556 0.8133 0.7838 0.7669
1.3 1.01 0.9334 0.8693 0.8178 0.779 0.753
1.35 1.053 0.967 0.8936 0.833 0.7851 0.7498
1.4 1.106 1.011 0.9288 0.859 0.8018 0.7574
1.45 1.171 1.066 0.9746 0.8956 0.8293 0.7757
1.5 1.246 1.132 1.031 0.9431 0.8676 0.8047
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1. msiszanamdanlsamuzuazdnnadnnmsivaveseimaningnszvengu

function [P,K,Fexh, Mb_a,Mb_eg, ASPCONS,y,xhat,x] = fcn(P0, Alpha, Beta, MAF, GASCONS,
EGR Pcnt, VE, MAP, V_d, T_m, Ne, Rg, Replacement, FB_ VAL, TimeSinceRun, dt, FexhO,
xhat0, x0)

% Initial Values

Fexh = 0.1; % Burned gas ratio at exhaust manifold (-)
Mb_a=0.01; % Air Flow to cylinder (kg/s)

Mb_eg = 0.01;%Burned Gas Flow to cylinder (kg/s)
ASPCONS = MAF/3600; % Total (kg/s)

% Convert Unit

MAF = MAF/3600; % Convert unit from kg/hr to kg/sec
T m=T m+273; % Convert unit from celcius to kelvin
% Norminal value for simulation

x=1[0; 0; 0J;

xhat = [0; 0; 0];

P=[000;000;000];

K =10; 0; 0];

xhatl = 0;

xhat2 = 0;

xhat3 = 0;

% Linearization

L=[100;010;00 1]; % Partial x(k) by w

H=[100]; % Partial h(k) by x

M = 1; % Partial h(k) by v

I=[100;010;00 1]; % Identity matrix

el=[100];

e2=[010];

e3=[001];



ControlNoise = 0.5/1650; % Error of EGR Valve
R = 0; % measurement variance (Pa"2)

u=EGR_Pcnt/1650;

ifTimeSinceRun<0.01
x = [MAP; 0.13; 0.19]; % x(+)(k-1) initial conditions
xhat = [MAP; 0.1; 0.1]; % xhat(+)(k-1) initial conditions
P=1000;00.0009 0; 00 0.0016]; % P(+)(k-1) initial conditions
elseifTimeSinceRun>=0.01
xhatl = el *xhat0;
xhat2_ori = (e2*xhat0);
xhat3 ori = e3*xhat0;
if xhat2 ori>1
xhat2 = 1;
elseif xhat2_ori<=1
xhat2 = xhat2_ori;
end
if xhat2_ori<0
xhat2 = 0;
end
if xhat3_ori<0
xhat3 = 0;
elseif xhat3_ori>=0

xhat3 = xhat3_ori;

end
if Fexh0>1
Fexh=1;

elseif Fexh0<=1
Fexh = FexhO;

end
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if Fexh0<0
Fexh =0;

end

% Linearization the transition matrix

F11 =1 - (dt*Alpha*VE*Beta);

F12=0;

F13 = dt*Alpha*u;

F21 = -(dt*Alpha/(xhat1)"2)*((Fexh*(xhat3)*u) - (MAF*(xhat2)) - ((xhat3)*u*(xhat2)) -
(GASCONS*(xhat2)));

F22 = (dt*Alpha/(xhat1))*(-MAF - ((xhat3)*u) - GASCONS) + 1;

F23 = (dt*Alpha/(xhatl))*((Fexh*u) - (u*(xhat2)));

F31=0;

F32=0;

F33=1;

F=[F11F12F13; F21 F22 F23; F31 F32 F33];

Bh = [dt*Alpha*(xhat3); (dt* Alpha/(xhat1))*(Fexh*(xhat3)-(xhat2)*(xhat3)); 0];
Q = (ControlNoise”2)*[(e1*Bh)"2 0 0 ; 0 (e2*Bh)*2 0; 0 0 (e3*Bh)"2]; % Process noise

covariance

% P(-)(k)

Pm = F*PO*F' + L*Q*L";
% xhat(-)(k)

xhatlm = (dt*Alpha)*(MAF + ((xhat3)*u) + GASCONS) + (1 -
(dt*Alpha*VE*Beta))*(xhatl);

xhat2m = (dt*Alpha/(xhat1))*((Fexh*(xhat3)*u) - (MAF*(xhat2)) - (xhat3)*u*(xhat2) -
(GASCONS*(xhat2))) + (xhat2);

xhat3m = (xhat3);

xhatm = [xhatlm; xhat2m; xhat3m];
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% Kalman gain
K = Pm*H"*(H*Pm*H' + M*R*M""-1;
% xhat(+)(k)
xhat = xhatm + K*(MAP - H*xhatm);
% P(H)(k)
P=(-K*H)*Pm;

%Cal Air
xhatlp = el*xhat;
xhat2p = e2*xhat;

xhat3p = e3*xhat;
ASPCONS = (VE*(xhat1p)*V_d*(Ne/60))/(Rg*T_m*2); % (kg_sec)

Mb_eg = (ASPCONS - GASCONS)*(xhat2p); % flow of the burned gas into the cylinder
(kg sec)
Mb_a = (ASPCONS - GASCONS)*(1 - xhat2p); % flow of fresh air into the cylinder (kg_sec)

end
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Name Description Unit
GASCONS $MIIMINAMHTITUIIA kg/sec
o 1 o 4
EGR_Pent ArHIN51UaA1199 EGR %
VE miszaninnyalsuias -
o A1 =
MAP aNnusunnesnlod Pa
V. d 31193032 UBNGU (Displaced Volume) m’
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1 { (%)
Rg AAINVDINTY 287 J/kgK
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v FA
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] 4 ]
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(% 1 = d' 1 1 Y
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K Kalman Gain =
Fexh 895189 Burned gas 11 loide -
Mb _a 803513 lavesemandInszuengy kg/sec

Mb eg 83173 1Maved Burned gas ﬁl%ﬂimﬁ]ﬂqu kg/sec
[ [ :/I {
ASPCONS 8A31M13 InavesmanaruaidInszuengy kg/sec
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2. MIMUINUONT1AIY Burned Gas fomanavinaliylorde
functionFexh ori = fcn(Mb_a,Mb_eg,FB_ VAL,GASCONS,Replacement, TimeSinceRun,Ne)

Fexh ori=0.1;
Fexh = (Mb_eg + (15.6 + 1.7*Replacement)*(FB_VAL + GASCONS))/(Mb_eg + Mb_a +

FB_VAL + GASCONS);

ifTimeSinceRun<((3/Ne)*60*(22/7))
Fexh ori=0.1;
elseifTimeSinceRun>=((3/Ne)*(22/7))
Fexh_ori = Fexh;

end

1 dyd @ = 9 ) [ o
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