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[57] ABSTRACT

This invention relates to a signal processor for processing a
signal and outputting a processed value. The processor
comprises a mechanism for determining whether or not the
signal exceeds a preset value, a mechanism for outputting
the signal as the processed value when the signal does not
exceed the preset value, and a mechanism for outputting the
preset value as the processed value when the signal exceeds
the preset value. This invention further provides a mecha-
nism for computing a difference between the signal and the
preset value when the signal exceeds the preset value, a
memory for storing this difference as a postponed correction
amount, and a mechanism for adding the postponed correc-
tion amount to said signal when the signal no longer exceeds
the preset value. In this way, by compensating at a later time
for errors arising from modifications made when the signal
exceeded said preset value, the precision of operations and
controls based on the processed value is improved. Further,
in control systems using the integral of said signal, the
precision of integral values is also improved. This invention
therefore provides effective correction of signal processing
errors when applied to the output of an air flow meter having
a heating element wound on a bobbin, or to the control of a
flowrate control valve installed in an intake air passage of a
lean burn engine.

9 Claims, 26 Drawing Sheets
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( 4 msJOB )

A/D CONVERT Qa Qa : Airflow meter output voltage
S —

CONVERT Qa TO Q

23
No @ Fgmax : Upper limit

24 es

l Q = Fgmax I
——P

25 9
l CALCULATE Tp I Tp0 = v * KCONST #*Kirm
Tp =Tp0*Fload +Tp ,_; *(1-Fload)

END

FIG. 4
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10 ms JOB
31
ARE CONDITIONS
LEAN?
32 No 33
CALCULATE MDMLS | |CALCULATE MDMLL
FROM (N-Tp) FROM (N-Tp)
34 B
RESULT —» Tdml Tdm! : Map value of target air-fuel ratio
*‘
35 '
CALCULATE Kmr : Damper value
Kmr
R __
36

Ktw : Water temperature increase

CALCULATE Ktw correction coefficient

37

CALCULATE Kas Kas :Increase correction coefficient after startup

38

| Tfbya = Kmr + Ktw + Kas
 —————————

END

FIG. 5
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Ref JOB

Synchronized with engine revolution

41

Yes IS STARTING
MOTOR SWITCH

ON?

TDML = TDMLR# 7

43
Tdml — Dmi

44

Dmlo|d =Tdmi ?

46 Yes

IF Tdml = (Dml o4 -Ddmli)

Dml = Tdmi
ELSE Dmi = (Dmi old - Ddmli)

45

IF Tdml = (Dml old + Ddmir)
Dml = Dmi old + Ddmir
ELSE Dml = Tdml!

et

END

Ddmil ; Air-fuel ratio variation rate towards rich
Ddmir . Air-fuel ratio variation rate towards lean

FIG. 8
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Calculation of Ddmir and Ddmil

No
FAACOF =07

Yes

When 1ATvo | is large,
Ddmil = DDMLLH# SELECT Ddmil AND Ddmir § Ddmiland Ddmir are large.
Ddmir = DDMLRH# BASED ON 4Tvo ! When IATvo tis small,
Ddmil and Ddmir are small.

END

FIG. 10
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Dml - Km
First order delay compensation

61
. IS STARTING MOTOR
ITCHED O

Yes

|ATvo | : Absolute value of

ATvo | ;DTVOTH# ? throttle opening variation rate

64 No

LOOK UP TABLE TO FIND
Fbyatc FROM N

65

Dm0 = Dml * Fbyatc +
Dml0,.1 *(1 - Fbyatc)

66 67

Kmr = Dmi0 OF DL YFBA#
PRECEDING OCCASION Kmr = Dmi

<

END

- FIG. 11
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/ FOR SMALL INTAKE PIPE CAPACITY
Fbyatc
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ISC

71

CALCULATE ISCONP = Areg + ISCI + ISCp + ISCtr
ISCONP +ISC at + 1SCa + ISCrth
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Atvo : Throttle flowpath cross-sectional

area

Aisc0 : Control valve flowpath
cross-sectional area

AaQ : Basic flowpath cross-sectional area
KghO: Pressure difference correction rate

Tatcvh : Increased equivalent
cross-sectional area

LTCGIN : Torque control gain

83
CALCULATE Kqho
84
Tatcvh = ! 1[xAa0+KqghO
“\LTCGIN #+Dmi ~ ' )* 137 *"4
85
SET (TCVMAX# - Aisc0) AS
UPPER LIMIT OF Tatcvh
86

Advance compensation

92

HAS Tatcvh REACHED

TO UPPER LIMIT ?
88
FAACOF =0 FAACOF =1
89 <
LOOK UP TABLE TO
FIND Tevic FROM N
90
Tefvic= 1.0 Yes
No 91

Tatev0 = Tatev0y,.q + (Tatevh -
TatcvOp_q) * Tevic

Talev0 = Tatevo + (Tatevh -
Tatcvo) * Tevie

g

TatcvO : Advance or delay compensating area

FIG. 15A
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93 .
Tatev : Target flowpath cross-sectional area

Tatcv = Tatchn_Dst#

) Aokuri : Postponed correction amount
+ AiscO + Aokuri P

Tatcv — Aokuri | Negative value
Tatcv=0

atcv > TCVMAXR Yes

98 No 97

Aokuri = 0 Tatcv - TCVMAX# - MXOS# — Aokuri Overilow
Tatcv = TCVMAX# + MXOS#
T

99 <

LOOK UP TABLE TO
FIND Dtytc FROM Tatcv Area — Duty convert

100

Tevdt0 = Diytc | Tevgin Tevgin : Duty correction rate

101

Tevdty = TevdO + Tevofs | Tevofs : Control value rise duty

END

FIG. 15B
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o
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1oms

111

CALCULATE
Fatvo

CALCULATE
Aisc
l Pgmax = (Fatvo + Aisc) * KAQGIN# I

114

CALCULATE
Qmxg
115 |
' Fgmax = Pgmax * Qmxg |

END

13

FIG. 24
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( Calculation of Tp ) Every 4 ms

121

PERFORM A/D
CONVERSION OF Qa Qa : Airflow meter output

Qshw : Designated flowrate

122 I
Qa - Qshw

123
l ,
Qss = Qshwp_1 + (Qshw - Qshwy,_1) * AFMTC# | First order advance compensation

(Jss : Flowrate after correction for delay [A]

124
Yes

Qss<07?

I
Okuri = Okurip_1 + Qss(Negative)
Qss=0

125

Qs > #FFFFH Ty 1 &5

127 |

No | Okuri= Okuriy_4 + Overflow
Qss = #FFFFH

128 < Y

Afle = Afle_y *+ AFLETC# Afle: Correction amount for delay [B]
AFLETC# : Time constant coefficient

129 I
Afle = Afle + (Qss - Qssy,.1) | AFLEG#:Gain of delay [B]

* AFLEG#
130 l

Qs = Qss + Afle Qs : Airflow meter flowrate
Qs = Qss + Afle * AFLEA#

131
3 Yes

132 |
Okuri = Okuriy,_q +Qs(Negative)

Qs=0
Qs> #FFFFH 7~y 1 &S

" 134 |

No | Okuri= Okuri,_{ + Overflow
Qss = #FFFFH

133

FIG. 31A
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Correction of Qs

1

138

w (Y

37

Ckuri = Negative value
Qs=0

' >

139

No

Okuri = Overflow amount
Qs =#FFFFH

v

o

TpO = (Qs * KCONST#) /N

Calculation of basic fuel injection amount

Tptrm = Tp0 * Ktrm

Ktrm : Trimming coefficient

I

CALCULATE Fload

Fload: Intake pipe delay coefficient

1

Avipr = Tptrm * Fload+ Avipr
* (1 - Fload)

Avipr. Real value of basic fuel injection pulse width

l

CALCULATE Tpsk

Tpsk : Preliminary correction amont

|

Tp = Avipr + Tpsk

Tp : Basic tuel injection pulse width corresponding
to cylinder intake air volume

END

FIG. 31B



U.S. Patent Jun. 25, 1996 Sheet 24 of 26

Qshw

Qa

FI1G 32

5,529,043



U.S. Patent Jun. 25, 1996 Sheet 25 of 26 5,529,043

—=—= WITHOUT THIS INVENTION
REAL FLOWRATE

UPPER LIMIT'
FOR CALCULATION WITH THIS INVENTION
FLOWRATE
0
Okuri
V-V V"V V" EgroR DUE TO
__DISCARDING OF
___ 4~ NEGATIVE VALUES
Avipr /-~~~ -.DELAY DUE TO DISCARDING
OF OVERFLOW
AIR-FUEL e
RATIO T .
RICH

FI1G 34
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CALCULATION
OF Tp
121
AD CONVERT Qa Qa: Airflow meter output
122
VERT
CON E@hf aTO Qshw : Designated flowrate
128

Afle = Afle,,.4 * AFLETCH#

Afle : Correction amount for delay [B]
 — AFLETC¥# : Time constant coefficient
141

Afle = Afle + (Qshw - Qshwy,_1)* AFLEG# | AFLEG#:Gain of delay [B]

142

= Qsh _
Qs = gzhwis Av;;;*A:;L EA# Qs : Airflow meter flowrate

131

132 l
L(Q)kuri = Okurip,_1+ Qs(Negative)
S =0

133

Qs> #FFFFH ?

No 34 7
Okuri = Okurip_q + Overflow
Qs = #FFFFH
o ESN——

W

FIG. 35




































