
®  J )  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(jj)  Publication  number: 0 1 0 6   3 6 6  

B 1  

EUROPEAN  PATENT  SPECIFICATION 

(§)  Date  of  publication  of  patent  specification:  08.06.88 

(§)  Application  number:  83110424.5 

(8)  Date  of  filing:  19.10.83 

D  Intel.4:  F  02  D  41/10,   F  02  D  4 1 / 2 6  

(54)  Control  Method  for  internal  combustion  engines- 

(§)  Priority:  20.10.82  JP  182902/82  (§)  Proprietor:  HiTACHI,  LTD. 
20.10.82  JP  182904/82  6,  Kanda  Surugadai  4-chome  Chiyoda-ku 

Tokyo  100  (JP) 

(§)  Date  of  publication  of  application  : 
25.04.84  Bulletin  84/17  @  Inventor:  Kashiwaya,  Mineo 

2920  Mawatari 
Katsuta-shi  (JP) 

(B)  Publication  of  the  grant  of  the  patent:  Inventor:  Morita,  Kiyomi 
08.06.88  Bulletin  88/23  1  1  81  -1  00  Higashiishikawa 

Katsuta-shi  (JP) 
Inventor:  Sakamoto,  Masahide 

(8)  Designated  Contracting  States:  1034  Higashiishikawa-2-chome 
DEFRGB  Katsuta-shi  (JP) 

(§)  References  cited:  (74)  Representative:  Patentanwahte  Beetz  sen.  - 
EP-A-0  026  643  Beetz  jun.  Timpe  -  Siegfried  -  Schmitt-Fumian 
EP-A-0  047  969  Steinsdorfstrasse  1  0 
EP-A-0  054  1  12  D-8000  Munchen  22  (DE) 
GB-A-2  030  730 
US-A-4  184458 
US-A-4227490 

PATENTS  ABSTRACTS  OF  JAPAN,  vol.  7,  no. 
133  (M-221)1278r,  10th  June  1983;  &  JP  -  A  -  58 
48  726  (TOYOTA  JIDOSH  AKOGYO  K.K.)  22-03- 
1983 
Mot.  technik,  at.  25,  1981,  pp.  48-60 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1)  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



0  106  3 6 6  

Description 

The  invention  relates  to  a  control  method  for  internal  combustion  engines  according  to  the 
pre-characterizing  parts  of  the  independent  claims  1  and  2. 

5  Such  a  control  method  for  internal  combustion  engines  is  known  from  the  US  —  A  —  4  184  458. 
Recently,  general  control  for  an  engine  is  performed  by  using  a  digital  processor  such  as  a 

microcomputer  for  the  purpose  of  improvement  in  engine  control  performance. 
Various  functions  are  required  for  the  engine  control  depending  on  the  kind  of  type/use  of  car,  and, 

therefore,  in  the  engine  control  system  utilizing  a  microcomputer,  a  general  purpose  software,  that  is  a 
w  software  in  which  correction,  modification  or  addition  can  be  effected  onto  the  various  control  functions 

depending  on  the  kind/use  of  car,  is  required  in  view  of  improvement  in  cost  and/or  in  controllability. 
Conventionally,  the  amount  of  suction  air  in  an  engine  has  been  indirectly  detected  on  the  basis  of  the 

pressure  in  a  suction  manifold,  or  the  total  amount  of  sucked  air  per  suction  stroke  has  been  obtained  by 
directly  detecting  the  airflow  rate.  In  the  former,  since  it  is  an  indirect  method,  there  is  a  disadvantage  that 

75  the  accuracy  is  poor,  the  variations  and/or  deterioration  in  performance  of  engine  may  affect  the  detection, 
and  the  responsibility  is  not  so  good.  The  latter  method  also  has  a  disadvantage  that  a  flow  rate  sensor 
having  high  accuracy  (error:  within  +1%  of  read  value)  and  a  wide  dynamic  range  (1:50)  is  required, 
resulting  in  increase  in  cost.  It  is  preferable  to  use  a  hot-wire  air  flow  rate  sensor  (hereinafter  referred  to  as  a 
hot-wire  sensor)  because  the  hot-wire  sensor  has  a  characteristic  allowing  a  wide  dynamic  range  and 

20  reduction  in  cost  can  be  expected. 
However,  the  suction  air  flow  rate  in  engine  is  not  constant  but  has  pulsations,  so  that  the  output  signal 

from  the  flow  rate  sensor  has  a  non-linear  characteristic  with  respect  to  the  suction  air  flow,  it  becomes 
necessary  to  obtain  the  air  flow  rate  in  suction  stroke  in  the  form  of  integration  of  instantaneous  air  flow 
rates,  and  complex  operations  are  required  for  the  integration.  That  is,  the  hot-wire  output  voltages  v 

25  shown  in  Fig.  1  can  be  obtained  according  to  the  following  equation  (1): 

v=VCn+C2  VqA  (1) 

where  qA  represents  the  mass  flow  rate  and  Cv  C2  represent  constants  determined  by  the  shape  of  intake 
30  manifold  etc.  This  equation  (1)  can  be  changed  into  the  following  equation  (2): 

v^d+CzVqT  (2) 

Assuming  now  that  v=v0  when  the  rotational  number  of  engine  N=0  and  the  mass  flow  rate  qA=0,  the 
35  equation  (2)  is  expressed  as  follows: 

v§=C,  (3) 

Thus,  the  following  equations  (4)  and  (5)  are  derived  from  the  equations  (2)  and  (3)  and  an  instantaneous 
40  value  of  mass  flow  rate  qA  can  be  obtained  from  the  equation  (5). 

v2=v2+C2  Vq7  (4) 

1 
45  qA=  (v2-v2)2  (5) 

C| 

Thus,  the  average  or  mean  air  flow  rate  in  one  suction  stroke  QA  can  be  expressed  as  follows: 

so  n 

qA1  •  A6+qAa  •  A9+  •  •  •  qAn  •  A6  n=1 
QA=  =  (6) 

n  •  A8  n 
55 

where  AG  represents  a  crank  angle  between  two  adjacent  sampling  points  of  qA. 
Further,  the  amount  of  fuel  injection  QF  for  one  suction  stroke  can  be  expressed  by  the  following 

equation  (7): 
kQA 

so  QF=  (7) 
N 

where  N  represents  the  number  of  engine  revolution  and  k  a  constant.  This  means  that  the  amount  of  fuel 
injection  QF  for  one  stroke  can  be  determined  on  the  basis  of  the  obtained  value  of  QA  and  the  number  of 

65  engine  revolution  N. 
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Although  the  basic  fuel  injection  amount  QF  can  be  obtained  in  such  a  manner  as  described  above, 
acceleration  cannot  be  smoothly  effected  by  using  only  the  thus  obtained  basic  fuel  injection  amount  QF 
when  acceleration  becomes  necessary,  because  of  delay  in  computation  of  the  value  QA,  etc.  The 
US  —  A  —  4184485  therefore  proposed,  to  compensate  the  basic  fuel  injection  amount  upon  the  detection  of 

5  the  state  of  acceleration  on  the  basis  of  the  change  in  the  mean  air  flow  rate  QA  or  the  intake  air  pressure. 
However,  the  air  flow  rate  QA  has  pulsations  as  described  above  and  an  error  may  occur  in  detection  of  the 
state  of  acceleration.  This  applies  to  the  case  of  decelerating  operation.  Therefore,  the  state  of  acceleration 
or  deceleration  should  be  advantageously  detected  on  the  basis  of  the  detection  of  the  opening  of  the 
throttle  valve.  That  is,  in  case  of  using  a  digital  processor  the  throttle  opening  TH  is  sampled  at  a 

<o  predetermined  regular  interval  of  time,  for  example  every  10  msec,  (by  interval  interruption)  so  that  the 
sampling  value  TH  at  present  is  compared  every  10  msec  with  the  sampling  value  TH(OLD)  to  botain  the 
difference  ATH  therebetween  (EP—  A—  0047969).  The  engine  is  in  the  state  of  acceleration  when  ATH>0. 

In  response  to  the  detection  of  this  state  of  acceleration,  additional  fuel  for  the  compensation  for 
acceleration  is  additionally  injected.  Such  a  system  for  detecting  the  acceleration  and  injecting  the 

<5  additional  fuel  is  shown  in  Japanese  Patent  Publication  No.  49-45653  and  U.S.P.  No.  3,898,962. 
In  convention  systems,  the  additional  fuel  injection  has  been  performed  at  the  time  of  acceleration  in 

accordnce  with  the  predetermined  condition  of  the  throttle  opening  change  rate  regardless  of  the  operating 
conditions  such  as  the  engine  speed  or  load. 

The  disadvantage  is,  however,  that  since  the  intake  manifold  is  still  dry  at  low  engine  speeds  or  under 
io  small  load  conditions,  the  additional  fuel  injection  in  acceleration  determined  on  the  basis  of  the  throttle 

opening  change  rate  is  not  sufficient  for  wetting  the  intake  manifold,  thereby  making  it  impossible  to 
achieve  sufficient  acceleration. 

Specifically,  since  the  basic  amount  of  fuel  injection  under  low  loads  is  smaller  than  that  under  heavy 
loads,  it  is  difficult  to  accelerate  the  car  sufficiently  when  the  load  of  the  engine  is  small  just  before 

25  acceleration. 
This  is  because  when  the  load  is  small  before  acceleration,  the  intake  manifold  is  not  sufficiently 

wetted  due  to  small  basic  amount  of  fuel  injection,  so  that  it  takes  some  time  to  wet  the  intake  manifold 
thereby  making  the  fuel  air  mixture  lean  at  the  beginning  of  acceleration. 

Also,  since  the  basic  amount  of  fuel  injection  at  low  engine  speed  is  smaller  than  that  at  high  engine 
30  speed,  it  is  difficult  to  accelerate  the  car  sufficiently  when  the  engine  speed  is  low  just  before  acceleration. 

This  is  because,  at  low  engine  speed,  the  basic  amount  of  fuel  injection  is  so  small  that  it  takes  some  time  to 
wet  the  intake  manifold  well  thereby  making  the  fuel  air  mixture  lean  at  the  beginning  of  acceleration.  This 
is  also  the  case  with  the  acceleration  from  an  idle  or  decelerating  state. 

The  US—  A—  4  227  490  discloses  an  electronic  control  fuel  injection  system  which  compensates  for 
35  fuel  drying  in  an  intake  passage.  A  small  load  operation  is  detected  by  a  throttle  switch.  At  the  beginning  of 

the  acceleration  after  deceleration  state  a  pulse  width  of  a  fuel  injection  pulse  is  prolonged  for  a 
predetermined  time.  However,  the  pulse  width  is  not  modified  in  accordance  with  both  the  load  or  the 
engine  speed. 

The  GB  —  A  —  20  30  730  discloses  a  correction  of  the  basic  fuel  amount  on  the  basis  of  an  acceleration 
40  enrichment  which  is  responsible  to  the  operating  condition  of  the  engine  before  the  acceleration  such  as 

the  engine  rotational  speed  and  the  amount  of  sucked  air. 
It  is  an  object  of  the  present  invention  to  provide  a  control  method  for  internal  combustion  engines  for 

controlling  the  fuel  injection  upon  an  acceleration  from  a  small  load  state  or  from  low  engine  speed  in  an 
optimized  manner  so  that  additional  fuel  injection  at  the  time  of  acceleration  can  be  immediately  carried 

45  out  in  detecting  the  common  occurrence  of  acceleration  condition  and  small  load  state  or  the  common 
occurrence  of  acceleration  condition  and  low  engine  speed. 

The  above  object  is  solved  by  the  features  of  the  independent  claims  1  and  2  respectively. 
Claim  3  includes  features  characterizing  an  advantageous  development  of  claim  1  or  2. 
The  above  and  other  objects,  features  and  advantages  of  the  present  invention  will  become  more 

so  apparent  from  the  following  description  taken  in  conjunction  with  the  accompanying  drawings,  in  which: 
Fig.  1  is  a  characteristic  diagram  of  the  hot-wire  sensor  output  voltage  with  respect  to  the  crank  shaft 

rotational  angle; 
Fig.  2  is  a  schematic  diagram  of  the  control  device  for  the  whole  of  the  engine  system; 
Fig.  3  is  a  diagram  for  explaining  the  ignition  device  in  Fig.  2; 

55  Fig.  4  is  a  diagram  for  explaining  the  exhaust  gas  recirculation  system; 
Fig.  5  is  a  block  diagram  generally  illustrating  the  engine  control  system; 
Fig.  6  is  a  block  diagram  illustrating  the  basic  construction  of  the  program  system  for  the  engine 

control  process  according  to  the  present  invention; 
Fig.  7  is  a  diagram  showing  a  table  of  task  control  blocks  provided  in  RAM  controlled  by  a  task 

60  dispatcher; 
Fig.  8  is  a  diagram  showing  a  start  address  table  for  the  tasks  actuatable  by  various  interruptions; 
Figs.  9  and  10  are  flowcharts  for  the  processes  of  the  task  dispatcher; 
Fig.  11  is  a  flowchart  for  executing  a  macro  processing  program; 
Fig.  12  is  a  diagram  showing  an  example  of  task  priority  control; 

65 
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Fig.  13  is  a  diagram  showing  the  transition  of  state  of  the  task  in  the  above-mentioned  task  priority 
control; 

Fig.  14  is  a  particular  flowchart  in  Fig.  6; 
Fig.  15  is  a  diagram  showing  the  timing  for  taking-in  the  hot-wire  output  voltage; 

5  Fig.  16(A)  —  (C)  is  a  diagram  showing  the  relation  between  the  suction  air  flow  rate  and  the  injection 
timing  in  the  fuel  injection  system  to  which  the  present  invention  is  applied; 

Fig.  17  is  a  flowchart  for  processing  interruptions; 
Fig.  18  is  a  diagram  showing  the  alteration  of  an  air  flow  rate  reference  value  with  respect  to  the 

temperature  of  engine  cooling  water; 
to  Fig.  19  is  a  flowchart  showing  the  processing  of  fuel  injection  control  in  acceleration; 

Fig.  20(A)  —  (C)  are  time  charts  showing  the  relation  between  throttle  valve  opening,  injection  pulses 
and  fuel  air  mixture  according  to  the  embodiment  of  Fig.  19; 

Fig.  21  is  a  flowchart  showing  a  first  embodiment  of  the  present  invention; 
Fig.  22  is  a  three-dimensional  map  showing  the  relation  between  the  cooling  water  temperature, 

15  negative  pressure  and  compensation  factor; 
Fig.  23  is  a  flowchart  showing  another  embodiment  of  the  present  invention; 
Fig.  24  is  a  diagram  showing  the  relation  between  engine  speed  and  compensation  factor; 
Fig.  25  is  a  flowchart  showing  a  further  embodiment  of  the  present  invention; 
Fig.  26(A),  (B),  (C),  (D),  (E)  is  time  charts  showing  the  relation  between  the  throttle  valve  opening, 

20  injection  pulse,  amount  of  additional  injection,  fuel  air  mixture,  etc.  in  the  embodiment  of  Fig.  25; 
Fig.  27  is  a  flowchart  showing  still  another  embodiment  of  the  present  invention; 
Fig.  28  is  a  time  chart  showing  the  relation  between  the  throttle  valve  opening  and  the  injection  pulses 

in  the  embodiment  of  Fig.  27. 
Fig.  29  is  a  diagram  showing  a  soft  timer  table  provided  in  RAM; 

25  Fig.  30  is  a  flowchart  for  executing  the  processing  of  interval  (INTV)  interruption; 
Fig.  31  is  a  time  chart  showing  various  states  of  start/stoppage  of  various  tasks  effected  in  accordance 

with  the  engine  state;  and 
Fig.  32  is  a  block  diagram  of  the  interruption  request  (IRQ)  generating  circuit. 
Referring  to  the  drawings,  preferred  embodiments  of  the  present  invention  will  be  described 

30  hereunder. 
In  Fig.  2,  a  control  apparatus  for  the  whole  of  an  engine  system  is  illustrated.  In  Fig.  2,  suction  air  is 

supplied  to  a  cylinder  8  through  an  air  cleaner  2,  a  throttle  chamber  4,  and  a  suction  pipe  6.  A  gas  burnt  in 
the  cylinder  8  is  discharged  from  the  cylinder  8  to  the  atmosphere  through  an  exhaust  pipe  10.  An  injector 
12  for  injecting  fuel  is  provided  in  the  throttle  chamber  4.  The  fuel  injected  from  the  injector  12  is  atomized 

35  in  an  air  path  of  the  throttle  chamber  4  and  mixed  with  the  suction  air  to  form  a  fuel-air  mixture  which  is  in 
turn  supplied  to  a  combustion  chamber  of  the  cylinder  8  through  the  suction  pipe  6  when  a  suction  valve  20 
is  opened. 

Throttle  valves  14  and  16  are  provided.in  the  vicinity  of  the  output  of  the  injector  12.  The  throttle  valve 
14  is  arranged  so  as  to  mechanically  interlocked  with  an  accelerator  pedal  (not  shown)  so  as  to  be  driven  by 

40  the  driver.  The  throttle  valve  16  is  arranged  to  be  driven  by  a  diaphragm  18  such  that  it  becomes  its  fully 
close  state  in  a  range  where  the  air  flow  rate  is  small,  and  as  the  air  flow  rate  increases  the  negative 
pressure  applied  to  the  diaphragm  18  also  increases  so  that  the  throttle  valve  16  begins  to  open,  thereby 
suppressing  the  increase  of  suction  resistance. 

An  air  path  22  is  provided  at  the  upper  stream  of  the  throttle  valves  14  and  16  of  the  throttle  chamber  4 
45  and  an  electrical  heater  24  constituting  a  thermal  air  flow  rate  meter  is  provided  in  the  air  path  22  so  as  to 

derive  from  the  heater  24  and  electric  signal  which  changes  in  accordance  with  the  air  flow  velocity  which  is 
determined  by  the  relation  between  the  air  flow  velocity  and  the  amount  of  heat  transmission  of  the  heater 
24.  Being  provided  in  the  air  path  22,  the  heater  24  is  protected  from  the  high  temperature  gas  generated  in 
the  period  of  backfire  of  the  cylinder  8  as  well  as  from  the  pollution  by  dust  or  the  like  in  the  suction  air.  The 

so  outlet  of  the  air  path  22  is  opened  in  the  vicinity  of  the  narrowest  portion  of  the  venturi  and  the  inlet  of  the 
same  is  opened  at  the  upper  stream  of  the  venturi. 

Throttle  opening  sensors  (not  shown  in  Fig.  3  but  generally  represented  by  a  throttle  opening  sensor 
116  in  Fig.  5)  are  respectively  provided  in  the  throttle  valves  14  and  16  for  detecting  the  opening  thereof  and 
the  detection  signals  from  these  throttle  opening  sensors,  that  is  the  sensor  116,  are  taken  into  a 

55  multiplexer  120  of  a  first  analog-to-digital  converter  as  shown  in  Fig.  5. 
The  fuel  to  be  supplied  to  the  injector  1  2  is  first  supplied  to  a  fuel  pressure  regulator  38  from  a  fuel  tank 

30  through  a  fuel  pump  32,  a  fuel  damper  34,  and  a  filter  36.  Pressurized  fuel  is  supplied  from  the  fuel 
pressure  regulator  38  to  the  injector  12  through  a  pipe  40  on  one  hand  and  fuel  is  returned  on  the  other 
hand  from  the  fuel  pressure  regulator  38  to  the  fuel  tank  30  through  a  return  pipe  42  so  as  to  maintain 

so  constant  the  difference  between  the  pressure  in  the  suction  pipe  6  into  which  fuel  is  injected  from  the 
injector  12  and  the  pressure  of  the  fuel  supplied  to  the  injector  12. 

The  fuel-air  mixture  sucked  through  the  suction  valve  20  is  compressed  by  a  piston  50,  burnt  by  a  spark 
produced  by  an  ignition  plug  52,  and  the  combustion  is  converted  into  kinetic  energy.  The  cylinder  8  is 
cooled  by  cooling  water  54,  the  temperature  of  the  cooling  water  is  measured  by  a  water  temperature 

55 

4 



)  106  3 6 6  

sensor  56,  and  the  measured  value  is  utilized  as  an  engine  temperature.  A  high  voltage  is  applied  from  an 
ignition  coil  58  to  the  ignition  plug  52  in  agreement  with  the  ignition  timing. 

A  crank  angle  sensor  (not  shown)  for  producing  a  reference  angle  signal  at  a  regular  interval  of 
predetermined  crank  angles  (for  example  180  degrees)  and  a  position  signal  at  a  regular  interval  of  a 

5  predetermined  unit  crank  angle  (for  example  0.5  degrees)  in  accordance  with  the  rotation  of  engine,  is 
provided  on  a  not-shown  crank  shaft. 

The  output  of  the  crank  angle  sensor,  the  output  56A  of  the  water  temperature  sensor  56,  and  the 
electrical  signal  from  the  heater  24  are  inputted  into  a  control  circuit  64  constituted  by  a  microcomputer  or 
the  like  so  that  the  injector  12  and  the  ignition  coil  58  are  driven  by  the  output  of  this  control  circuit  64. 

io  In  the  engine  system  controlled  by  the  arrangement  as  described  above,  a  bypass  26  bypassing  the 
throttle  valve  16  to  communicate  with  the  suction  pipe  6  is  provided  and  a  bypass  valve  62  is  provided  in 
the  bypass  26.  A  control  signal  is  inputted  to  a  drive  scetion  of  the  bypass  valve  62  from  the  control  circuit 
64  to  control  the  opening  of  the  bypass  valve  62. 

That  is,  the  opening  of  the  bypass  valve  62  is  controlled  by  a  pulse  current  such  that  the  cross-sectional 
15  area  of  the  bypass  26  is  changed  by  the  amount  of  lift  of  valve  which  is  in  turn  controlled  by  a  drive  system 

driven  by  the  output  of  the  control  circuit  64.  That  is,  the  control  circuit  64  produces  an  open/close  period 
signal  for  controlling  the  drive  system  so  that  the  drive  system  responds  to  this  open/close  period  signal  to 
apply  a  control  signal  for  controlling  the  amount  of  lift  of  the  bypass  valve  62  to  the  drive  section  of  the 
bypass  valve  62. 

20  In  Fig.  3,  which  is  an  explanatory  diagram  of  the  ignition  device  of  Fig.  2,  a  pulse  current  is  supplied  to  a 
power  transistor  72  through  an  amplifier  68  to  energize  this  transistor  72  so  that  a  primary  coil  pulse  current 
flows  into  an  ignition  coil  58  from  a  battery  66.  At  the  trailing  edge  of  this  pulse  current,  the  transistor  74  is 
turned  off  so  as  to  generate  a  high  voltage  at  the  secondary  coil  of  the  ignition  coil  58. 

This  high  voltage  is  distributed  through  a  distributor  70  to  ignition  plugs  52  provided  at  the  respective 
25  cylinders  in  the  engine,  in  synchronism  with  the  rotation  of  the  engine. 

In  Fig.  4,  which  is  an  explanatory  diagram  of  an  exhaust  gas  reflux  (hereinafter  abbreviated  as  EGR) 
system,  a  predetermined  negative  pressure  of  a  negative  pressure  source  80  is  applied  to  an  EGR  control 
valve  86  through  a  pressure  control  valve  84.  The  pressure  control  valve  84  controls  the  ratio  with  which  the 
predetermined  negative  pressure  of  the  negative  pressure  source  is  released  to  the  atmosphere  88,  in 

30  response  to  the  ON  duty  factor  of  the  repetitive  pulse  applied  to  a  transistor  90,  so  as  to  control  the  state  of 
application  of  the  negative  pressure  pulse  to  the  EGR  control  valve  86.  Accordingly,  the  negative  pressure 
applied  to  the  EGR  control  valve  86  is  determined  by  the  ON  duty  factor  of  the  transistor  90  per  se.  The 
amount  of  EGR  from  the  exhaust  pipe  10  to  the  suction  pipe  6  is  controlled  by  the  controlled  negative 
pressure  of  the  pressure  control  valve  84. 

35  Fig.  5  is  a  diagram  showing  -the  whole  configuration  of  the  control  system  which  is  constituted  by  a 
central  processing  unit  (hereinafter  abbreviated  as  CPU)  102,  a  read  only  memory  (hereinafter  abbreviated 
as  a  ROM)  104,  a  random  access  memory  (hereinafter  abbreviated  as  RAM)  106,  and  an  input/output 
(hereinafter  abbreviated  as  I/O)  circuit  108.  The  CPU  102  operates  input  date  from  the  I/O  circuit  108  in 
accordance  with  various  program  stored  in  the  ROM  104  and  returns  the  result  of  operation  to  the  I/O  circuit 

40  108.  Temporary  data  storage  necessary  for  such  an  operation  is  performed  by  using  the  RAM  106. 
Exchange  of  various  data  among  the  CPU  102,  the  ROM  104,  the  RAM  106,  and  the  I/O  circuit  108  is 
performed  through  a  bus  line  110  constituted  by  a  data  bus,  a  control  bus,  and  an  address  bus. 

The  I/O  circuit  108  includes  input  means  such  as  the  above-mentioned  first  anaiog-to-digitai  converter 
(hereinafter  abbreviated  as  ADC1),  a  second  analog-to-digital  converter  (hereinafter  abbreviated  as  ADC2), 

45  an  angular  signal  processing  circuit  126,  and  a  discrete  I/O  circuit  (hereinafter  abbreviated  as  DIO)  for 
inputting/outputting  one  bit  information. 

In  the  ADC1,  the  respective  output  signals  of  a  battery  voltage  sensor  (hereinafter  abbreviated  as  VBS) 
132,  the  above-mentioned  cooling  water  temperature  sensor  (hereinafter  abbreviated  as  TWS)  56,  an 
atmosphere  temperature  sensor  (hereinafter  abbreviated  as  TAS)  112,  a  regulation  voltage  generator 

so  (hereinafter  abbreviated  as  VRS)  114,  the  above-mentioned  throttle  opening  sensor  (hereinafter  referred  to 
as  9THS)  116,  and  a  X  sensor  (hereinafter  abbreviated  as  XS  118)  are  applied  to  the  above-mentioned 
multiplexer  120  (hereinafter  abbreviated  as  MPX)  120  which  selects  one  of  the  respective  input  signals  and 
inputs  the  selected  signal  to  an  analog-to-digital  converter  circuit  (hereinafter  abbreviated  as  ADC)  122.  The 
digital  value  of  the  output  of  the  ADC  122  is  stored  in  a  register  (hereinafter  abbreviated  as  REG)  124. 

55  An  output  signal  of  an  air  flow  rate  sensor  (hereinafter  abbreviated  as  AFS)  24  is  inputted  to  the  ADC2 
in  which  the  signal  is  A/D  converted  in  an  ADC  128  and  set  in  a  REG  130. 

An  angle  sensor  (hereinafter  abbreviated  as  ANGS)  146  produces  a  reference  signal  representing  a 
reference  crank  angle  (hereinafter  abbreviated  as  REF),  for  example  as  a  signal  generated  at  an  interval  of 
180  degrees  of  crank  angle,  and  a  position  signal  representing  a  small  crank  angle  (hereinafter  abbreviated 

50  as  POS),  for  example  1  (one)  degree.  The  REF  and  POS  are  applied  to  the  angular  signal  processing  circuit 
126  to  be  waveform-shaped  therein. 

The  respective  output  signals  of  an  idle  switch  148  (hereinafter  abbreviated  as  IDLE-SW)  148,  a  top  gear 
switch  (hereinafter  abbreviated  as  TOP-SW)  150,  and  a  starter  switch  152  (hereinafter  abbreviated  as 
START-SW)  are  inputted  into  the  DIO. 

65  Next,  a  circuit  for  outputting  pulses  in  accordance  with  the  result  of  operation  of  the  CPU  102  and  an 
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object  to  be  controlled  will  be  described  hereunder.  An  injector  circuit  (hereinafter  abbreviated  as  INJC)  134 
is  provided  for  converting  the  digital  value  of  the  result  of  operation  into  a  pulse  output.  Accordingly,  a 
pulse  having  a  pulse  width  corresponding  to  the  amount  of  fuel  injection  is  generated  in  the  INJC  134  and 
applied  to  the  injector  12  through  an  AND  gate  136. 

5  An  ignition  pulse  generating  circuit  (hereinafter  abbreviated  as  IGNC)  138  includes  a  register 
(hereinafter  referred  to  as  ADV)  for  setting  ignition  timing  and  another  register  (hereinafter  referred  to  as 
DWL)  for  setting  initiating  timing  of  the  primary  current  conduction  of  the  ignition  coil  58  and  these  data  are 
set  by  the  CPU  102.  The  ignition  pulse  generating  circuit  138  produces  a  pulse  on  the  basis  of  the  thus  set 
data  and  supplies  this  pulse  through  an  AND  gate  140  to  the  amplifier  68  described  in  detail  with  respect  to 

w  Fig.  3. 
The  rate  of  opening  of  the  bypass  valve  62  is  controlled  by  a  pulse  supplied  thereto  by  a  control  circuit 

(hereinafter  referred  to  as  ISCC)  142  through  an  AND  gate  144.  The  ISCC  142  has  a  register  ISCD  for  setting 
a  pulse  width  and  another  register  ISCP  for  setting  a  repetitive  pulse  period. 

An  EGR  amount  controlling  pulse  generating  circuit  (hereinafter  abbreviated  as  EGRC)  180  for 
is  controlling  the  transistor  90  which  controls  the  EGR  control  valve  86  as  shown  in  Fig.  4,  has  a  register  EGRD 

for  setting  a  value  representing  the  duty  factor  of  the  pulse  and  another  register  EGRP  for  setting  a  value 
representing  the  repetitive  period  of  the  pulse.  The  output  pulse  of  the  EGRC  154  is  applied  to  the  transistor 
90  through  an  AND  gate  156. 

The  one-bit  I/O  signals  are  controlled  by  the  circuit  DIO.  The  I/O  signals  include  the  respective  output 
20  signals  of  the  IDLE-SW  148,  the  TOP-SW  150  and  the  START-SW  152  as  input  signals,  and  include  a  pulse 

signal  for  controlling  the  fuel  pump  32  as  an  output  signal.  The  DIO  includes  a  register  DDR  for  determining 
whether  a  terminal  be  used  as  a  data  inputting  one  or  a  data  outputting  one,  and  another  register  DOUTfor 
latching  the  output  data. 

A  register  (hereinafter  referred  to  as  MOD)  160  is  provided  for  holding  commands  instructing  various 
25  internal  states  of  the  I/O  circuit  108  and  arranged  such  that,  for  example,  all  the  AND  gates  136,  140,  144, 

and  156  are  turned  on/off  by  setting  a  command  into  the  NOD  160.  The  stoppage/start  of  the  respective 
outputs  of  the  INJC  134,  IGNC  138,  and  ISCC  142  can  be  thus  controlled  by  setting  a  command  into  the 
MOD  160. 

Fig.  6  is  a  diagram  illustrating  a  basic  configuration  of  a  program  system  of  the  control  circuit  of  Fig.  6. 
30  In  Fig.  6,  an  initial  processing  program  202,  an  interruption  processing  program  206,  a 

macroprocessing  program  228,  and  a  task  dispatcher  208  are  programs  for  controlling  various  tasks.  The 
initial  processing  program  202  is  for  executing  preprocessing  for  causing  a  microcomputer  to  operate. 
According  to  the  initial  processing  program  202,  for  example,  the  contents  of  storage  of  the  RAM  106  is 
cleared,  the  initial  values  of  registers  in  the  I/O  interface  circuit  108  are  set,  and  processing  for  taking-in 

35  data,  such  as  the  cooling  water  temperature  Tw,  the  battery  voltage,  for  performing  the  preprocessing 
necessary  for  performing  the  engine  control  is  executed.  The  interruption  processing  program  206  receives 
various  interruptions,  analyzes  the  factors  of  the  interruptions,  and  produces  a  request  for  causing  a 
desired  one  of  tasks  210  and  226  to  the  task  dispatacher  208.  The  interruption  factors  include  an  A/D 
conversion  interruption  (ADC)  generated  upon  the  completion  of  A/D  conversion  of  the  input  data  such  as 

40  the  power  source  voltage,  the  cooling  water  temperature  as  described  later,  an  initial  interruption  (INTL) 
generated  in  synchronism  with  the  engine  revolution,  an  interval  interruption  (INTV)  generated  at  a 
predetermined  interval  of  time,  for  example  every  10  msec,  an  engine  stoppage  interruption  (ENST) 
generated  upon  the  detection  of  the  engine  stoppage,  or  the  like. 

Task  numbers  representing  priority  are  allotted  to  the  tasks  210  to  226,  and  the  respective  tasks  belong 
45  to  any  one  of  the  task  levels  "0",  "1",  and  "2".  That  is,  the  task  Nos.  0  to  2  belong  to  the  task  level  "0",  the 

task  Nos.  3  to  5  belong  to  the  task  level  "1",  and  the  task  Nos.  6  to  8  belong  to  the  task  level  "2". 
Upon  the  reception  of  the  activation  requests  by  the  above-mentioned  various  interruptions,  the  task 

dispatcher  208  responds  to  the  activation  requests  to  allot  occupation  time  onto  the  CPU  to  the  respective 
tasks  in  accordance  with  the  priority  rank  attached  to  the  respective  tasks  correspondnig  to  the  activation 

so  requests. 
The  task  priority  control  by  the  task  dispatcher  208  is  performed  by  the  following  method: 
(1  )  The  task  of  low  priority  rank  is  interrupted  and  the  displacement  of  the  right  of  execution  to  the  task 

of  higher  priority  rank  is  effected  between  different  task  levels.  It  is  assumed  here  that  the  task  belonging  to 
the  level  "0"  has  the  highest  priority  rank; 

55  (2)  In  the  case  there  is  a  task  which  is  executing  or  being  interrupted  at  present  in  the  same  task  level, 
the  task  has  the  highest  priority  rank  and  other  tasks  cannot  be  operated  before  the  task  has  been 
completed;  and 

(3)  In  the  case  there  are  activation  requests  for  a  plurality  of  tasks  in  the  same  task  levels,  a  task  having 
a  smaller  task  number  has  a  higher  priority  rank.  In  order  to  perform  the  above-mentioned  priority  control, 

60  according  to  the  present  invention,  a  soft  timer  is  provided  in  the  RAM  1  06  for  each  task  and  control  blocks 
for  controlling  tasks  are  set  in  the  RAM  for  each  task  level,  while  the  contents  of  processing  of  the  task 
dispatcher  208  will  be  described  later.  Every  time  each  of  the  tasks  has  been  executed,  the  task  dispatcher 
208  is  informed  of  the  completion  of  execution  of  the  task  by  the  macro  processing  program  228. 

Referring  to  Figs.  7  to  13,  the  contents  of  processing  of  the  task  dispatacher  208  will  be  described.  Fig.  7 
65  shows  task  blocks  of  the  same  number  as  that  of  the  task  levels,  that  is  three  in  this  embodiment  since  there 
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are  three  task  levels  "0"  to  "2",  are  provided  in  the  RAM  controlled  by  the  dispatcher  208.  Eight  bits  are 
allotted  to  each  control  block.  Three  of  the  eight  bits,  that  is  0-th  to  2nd  bits  (Qo  —  Q2).  are  the  activation  bits 
for  performing  activation  request  task  indication  and  the  7-th  bit  (R)  is  used  for  execution  bit  for  indicating 
whether  any  one  of  the  same  task  level  is  being  executed  or  being  interrupted.  The  activation  bits  Qq  —  Q2 

s  are  arranged  in  the  order  of  decreasing  the  priority  rank.  For  example,  the  activation  bit  corresponding  to 
the  task  No.  4  in  Fig.  6  is  Qo  in  the  task  level  "1".  When  a  task  activation  request  is  issued,  a  flag  "1"  is  set  to 
any  one  of  the  activation  bits,  and  at  the  same  time  the  task  dispatcher  208  searches  for  the  issued 
activation  request  in  the  activation  bits  in  the  order  from  the  activation  bit  corresponding  to  the  task  of 
higher  level  so  that  the  flag  corresponding  to  the  issued  activation  request  is  reset  and  flag  "1  "  is  set  to  the 

w  execution  bit  to  thereby  execute  the  processing  for  activating  the  task  corresponding  thereto. 
Fig.  8  shows  an  activation  address  table  provided  in  the  RAM  106  controlled  by  the  task  dispatcher  208. 

SAO  to  SA8  represent  the  activation  addresses  correspond  to  the  task  Nos.  0  to  8  of  the  tasks  210  to  226  as 
shown  in  Fig.  6.  Sixteen  bits  are  allotted  to  each  activation  address  information  which  is  used  for  the  task 
dispather  208,  as  described  later,  to  activate  the  task  corresponding  to  the  issued  activation  request. 

is  Figs.  9  and  10  show  flowcharts  for  the  processing  performed  by  the  task  dispatcher  208.  Upon  initiation 
of  the  processing  by  the  task  dispatcher  208  in  a  step  300  in  Fig.  9,  judgement  is  made  as  to  whether  the 
tasks  belonging  to  the  task  level  I  are  being  exeucted  or  interrupted  in  a  step  302.  That  is,  if  flag  "1"  is 
detected  in  the  execution  bit,  the  flag  "1"  indicates  the  state  that  the  macro  processing  program  228  does 
not  yet  issue  the  task  completion  information  to  the  task  dispatcher  208  and  the  task  which  had  been 

20  executed  is  being  interrupted  because  interruption  of  higher  priority  rank  has  been  generated.  Accordingly, 
if  flag  "1"  is  detected  in  the  execution  bit,  the  processing  is  jumped  to  a  step  314  in  which  the  interrupted 
task  is  reactivated. 

In  the  case  no  flag  "1"  is  detected  in  the  execution  bit,  on  the  contrary,  that  is  when  the  execution 
indication  flag  is  reset,  the  processing  is  shifted  to  the  step  304  in  which  judgement  is  made  as  to  whether 

25  there  is  any  task  waiting  for  activation  in  the  level  I.  That  is,  the  activation  bits  in  the  level  I  are  searched  for 
in  the  order  of  decreasing  the  priority  rank  of  the  tasks  corresponding  to  the  activation  bits,  that  is  in  the 
order  of  Qq,  Q,  and  Q2.  If  no  flag  "1"  is  detected  in  any  one  of  the  activation  bits  belonging  to  the  level  I,  the 
processing  comes  to  a  step  306  in  which  the  task  level  is  altered.  That  is,  the  task  level  I  is  incremented  by 
+  1  so  as  to  be  1+1.  Upon  the  alteration  of  the  task  level  in  the  step  306,  the  processing  comes  to  a  step  308 

30  in  which  judgement  is  made  as  to  whether  all  the  task  levels  have  been  checked.  In  the  case  where  all  the 
task  levels  have  been  not  yet  checked,  that  is,  when  \=£2  in  this  embodiment,  the  processing  comes  back  to 
the  step  302  and  the  above-mentioned  processing  is  repeated.  In  the  case  where  the  result  of  judgement 
proves  that  all  the  task  levels  have  been  checked  in  the  step  308,  the  processing  comes  to  a  step  310  in 
which  inhibit  to  interruption  is  released  because  interruption  has  been  inhibited  during  the  processing  in 

35  the  steps  302  to  308.  Thereafter,  in  the  next  step  312,  next  issued  interruption  is  waited  for. 
If  there  is  a  task  waiting  for  activation  in  the  level  I  in  the  step  304,  that  is  if  flag  "1"  is  detected  in  one  of 

the  activation  bits  belonging  to  the  task  level  I,  the  processing  comes  to  a  step  400.  In  the  loop  constituted 
by  the  step  400  and  the  next  step  402,  search  is  made  as  to  which  one  of  the  activation  bits  in  which  one  of 
the  task  levels  is  provided  with  flag  "1  ",  in  the  order  of  decreasing  the  priority  rank  of  the  task  levels,  that  is 

40  in  the  order  of  Qq,  Q1f  and  Q2.  When  the  activation  bit  provided  with  flag  "1"  is  detected,  the  processing 
comes  to  a  step  404  in  which  the  activation  bit  provided  with  flag  "1"  is  reset  and  flag  "1"  is  set  to  the 
execution  bit  (hereinafter  referred  to  R)  of  the  same  task  level.  In  a  step  406,  the  number  of  the  activated 
task  is  detected,  and  in  a  step  408,  the  activation  address  information  as  to  the  activated  task  is  derived  in 
accordance  with  the  activation  address  table  provided  in  the  RAM  as  shown  in  Fig.  8. 

45  In  a  step  410,  judgement  is  made  as  to  whether  the  activated  task  be  executed  or  not.  In  this  case,  the 
necessity  of  the  execution  is  judged  on  the  basis  of  the  value  of  the  activation  address  information.  That  is, 
when  the  activation  address  information  has  a  specific  value,  for  example  "0",  the  judgement  is  such  that 
the  execution  is  not  necessary.  It  is  necessary  to  provide  this  judgement  step  in  order  to  cause  a  car  to  have 
a  function  of  performing  only  a  specific  one  of  the  task  functions  for  performing  engine  control  selected 

so  depending  on  the  kind  of  the  car.  When  judgement  is  made  in  the  step  410  such  that  the  execution  of  the 
specific  task  is  stopped,  the  processing  comes  to  a  step  414  in  which  the  R-bit  of  the  specific  task  level  I  is 
reset.  Then,  the  processing  comes  back  to  the  step  302  in  which  judgment  is  made  as  to  whether  the  task 
level  I  is  being  interrupted  or  not.  This  is  because  there  may  be  a  case  where  a  plurality  of  activation  bits  are 
provided  with  flag  "1". 

55  In  the  case  where  the  execution  of  the  specific  task  is  not  inhibited,  that  is  when  the  specific  task  be 
executed,  the  processing  comes  to  a  step  412  in  which  jump  is  made  to  the  specific  task  so  as  to  execute  the 
task. 

Fig.  11  shows  a  flowchart  for  processing  the  macro  processing  program  228.  This  program  is 
constituted  by  steps  562  and  564.  In  these  steps  562  and  564,  the  task  levels  are  searched  in  the  order  of 

60  increasing  the  task  level,  that  is  in  the  order  from  the  level  "0"  so  as  to  find  completed  task  level  or  levels. 
Then  the  processing  comes  to  a  step  568  in  which  the  execution  (RUN)  flag  provided  in  the  7th  bit  in  the 
task  control  block  of  the  completed  task  is  reset.  Thus,  the  execution  of  the  task  has  been  completed.  Then, 
the  processing  comes  back  to  the  task  dispatcher  208  in  which  the  next  execution  task  is  determined. 

Referring  to  Fig.  12,  the  execution  and  interruption  of  task  will  be  explained  as  to  the  case  where  the 
65  task  priority  control  is  performed  by  the  task  dispatcher  208.  Assume  that  in  the  activation  request  Nmn,  m 

7 



0  106  3 6 6  

represents  the  task  level  and  n  represents  the  rank  of  priority  in  the  task  level  m,  and  that  the  CPU  is 
executing  the  control  program  OS.  Then,  when  an  activation  request  N21  is  generated  in  executing  this 
control  program  OS,  the  execution  of  the  task  corresponding  to  the  activation  request  N21,  that  is  the 
execution  of  the  task  No.  6,  is  initiated  at  the  time  T,.  If  another  activation  request  N01  for  the  task  having  a 

5  higher  execution  priority  rank  is  issued  at  the  time  T2  in  executing  the  task  No.  6,  the  execution  is  shifted  to 
the  control  program  OS  and  after  predetermined  processing  has  been  performed  as  already  described,  the 
execution  of  the  task  corresponding  to  the  activation  request  N01,  that  is  the  execution  of  the  task  No.  0,  is 
initiated  at  the  time  T3.  When  a  further  activation  request  N1t  is  issued  at  the  time  T4  in  executing  the  task 
No.  0,  the  execution  is  once  shifted  to  the  control  program  OS  and  after  a  predetermined  processing  has 

'o  been  executed,  the  execution  of  the  task  No.  0  which  has  been  so  far  interrupted  is  restarted  at  the  time  Ts. 
When  the  execution  of  the  task  No.  0  is  completed  at  the  time  T6,  the  execution  is  shifted  again  to  the 
control  program  OS,  the  completion  of  execution  of  the  task  No.  0  is  reported  by  the  macro  processing 
program  228  to  the  task  dispatcher  208,  and  then  the  execution  of  the  task  No.  3  which  corresponds  to  the 
activation  request  Nn  and  which  has  been  so  far  waiting  for  reactivation  is  initiated  at  the  time  T7.  When  an 

15  activation  request  N12  having  a  lower  priority  rank  in  the  same  task  level  "1"  is  issued  at  the  time  T8  in 
executing  the  task  No.  3,  the  exeuction  of  the  task  No.  3  is  once  interrupted,  the  execution  is  once  shifted  to 
the  control  program  OS,  and  after  a  predetermined  processing  has  been  performed,  the  execution  of  the 
task  No.  3  is  restarted  at  the  ti  me  Tg.  Upon  the  completion  of  the  execution  of  the  task  No.  3  at  the  time  T10, 
the  execution  of  the  CPU  is  shifted  to  the  control  program  OS,  the  completion  of  execution  of  the  task  No.  3 

20  is  reported  by  the  macro  program  228  to  the  task  dispatcher  208,  the  execution  of  the  task  No.  4 
corresponding  to  the  activation  request  N12  of  lower  priority  rank  is  initiated  at  the  time  T11(  the  execution  is 
shifted  to  the  control  program  OS  upon  the  completion  of  execution  of  the  task  No.  4  at  the  time  T12,  and 
after  a  predetermined  processing  has  been  performed  the  execution  of  the  task  No.  6  which  corresponds  to 
the  activation  request  N21  and  which  has  been  so  far  interrupted  is  restarted  at  the  time  T13. 

25  The  task  priority  control  is  performed  in  the  manner  as  described  above. 
The  state  of  transition  in  the  task  priority  control  is  illustrated  in  Fig.  13  "Idle"  represents  the  state  in 

which  activation  is  waited  for  an  no  task  activation  request  has  been  issued.  Then,  if  an  activation  request  is 
issued,  flag  "1"  is  set  to  the  activation  bit  of  the  task  control  block  so  as  to  indicate  the  necessity  of 
activation.  The  time  required  for  shifting  from  the  state  "Idle"  to  the  state  "Queue"  is  determined  by  the 

30  level  of  the  respective  task.  In  the  state  "Queue",  the  order  of  execution  is  determined  on  the  basis  of  the 
rank  of  priority.  The  specific  task  is  brought  into  the  state  of  execution  after  the  flag  of  the  activation  bit  of 
the  task  control  block  has  been  reset  by  the  task  dispatcher  208  in  accordance  with  the  control  program  OS 
and  a  flag  "1"  has  been  set  to  the  R-bit  (7th  bit).  Thus  the  execution  of  task  is  initiated.  This  is  the  state 
"Run".  Upon  the  completion  of  execution,  the  flag  of  the  R-bit  of  the  task  control  block  is  cleared  and  the 

35  completion  report  is  terminated.  Thus,  the  state  "Run"  ends  and  the  state  "Idle"  is  recovered  to  wait  for  the 
issuance  of  the  next  activation  request.  In  an  interruption  request  IRQ  is  generated  in  executing  a  task,  that 
is  in  the  state  "Run",  the  execution  of  the  task  has  to  be  interrupted.  For  this,  the  contents  of  the  CPU  is 
shunted  and  the  execution  is  interrupted.  This  state  is  "Ready".  Next,  when  the  state  in  which  the  task  is  to 
be  executed  is  recovered,  the  shunted  contents  is  required  back  to  the  CPU  and  execution  is  restarted.  That 

40  is,  the  state  "Run"  is  recovered  from  the  state  "Ready".  Thus,  the  respective  level  program  repeats  the  four 
states  of  Fig.  13.  Fig.  13  shows  a  typical  flow.  However,  there  may  be  a  case  where  a  flag  "1"  is  set  to  the 
activation  bit  of  the  task  control  block  in  the  state  "Ready".  This  is  the  case,  for  example,  in  the  state  of 
interruption  of  activation  of  a  task,  the  next  activation  request  timing  of  the  task  is  reached.  In  this  case  the 
flag  in  the  R-bit  takes  preference  and  the  task  which  is  being  interrupted  is  terminated.  Thus,  the  flag  in  the 

45  R-bit  is  cleared  and  the  state  becomes  "Quene"  bypassing  the  state  "Idle"  due  to  the  flag  in  the  activation 
bit.  Thus,  each  of  the  tasks  Nos.  0  to  7  is  in  any  one  of  the  four  states  of  Fig.  13. 

Fig.  14  shows  a  particular  embodiment  of  the  program  system  as  shown  in  Fig.  6.  In  Fig.  14,  a  control 
program  OS  includes  an  initial  processing  program  202,  an  interruption  processing  program  206,  a  task 
dispatcher  208,  and  a  macro  processing  program  228. 

so  The  interruption  program  206  includes  various  kinds  of  interruption  processing  programs  in  which  an 
initial  interruption  processing  (hereinafter  referred  to  as  an  INTL  interruption  processing)  602  generates 
initial  interruptions  in  the  number  of  half  the  number  of  the  engine  cylinders  per  revolution,  for  example 
twice  per  revolution  in  the  case  of  four  cylinders,  due  to  an  initial  interruption  signal  generated  in 
synchronism  with  the  engine  revolution.  The  data  indicative  of  the  fuel  injection  timing  computed  by  an 

55  EGI  task  612  in  response  to  the  above-mentioned  INTL  interruption  is  set  in  a  register  INJD  in  the  INJC  134 
included  in  the  I/O  interface  circuit  108  (Fig.  5).  An  A/D  conversion  interruption  processing  604  includes  two 
kinds  of  interruption,  that  is,  an  ADC1  (Fig.  5)  interruption  and  an  ADC2  (Fig.  5)  interruption.  The  ADC1  (Fig. 
5)  has  the  accuracy  of  8  bits,  and  is  used  for  inputting  data  such  as  the  battery  voltage,  the  cooling  water 
temperature,  the  suction  air  temperature,  the  regulated  voltage,  etc.,  applied  thereto.  The  ADC1  starts  the 

60  A/D  conversion  as  soon  as  the  input  point  to  the  MPX  120  (Fig.  5)  is  assigned,  and  issues  the  ADC1 
interruption  upon  the  completion  of  the  A/D  conversion.  The  ADC1  interruption  is  used  only  before 
cranking.  The  ADC  128  in  the  ADC2  (Fig  5)  is  used  for  inputting  the  data  indicative  of  the  air  flow  rate  and 
generates  the  ADC2  interruption  immediately  after  the  A/D  conversion.  The  ADC2  interruption  is  also  used 
only  before  cranking. 

65  In  an  interval  (hereinafter  abbreviated  as  INTV)  interruption  processing  program  606,  an  INTV 

8 
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interruption  signal  is  generated  at  a  time  interval  of  a  predetermined  time  of,  for  example,  10m  sec  set  in  an 
INTV  register  (not  shown)  and  is  used  as  a  basic  signal  for  monitoring  the  activating  timing  of  tasks  to  be 
activated  at  a  predetermined  interval  of  time.  This  INTV  interruption  signal  updates  the  soft  timer  thereby 
activating  the  mask  now  ready  to  be  activated.  In  an  engine  stoppage  task  (hereinafter  referred  to  as  an 
ENST  task)  interruption  processing  program  608  is  for  detecting  state  of  ENST  and  starts  counting  in 
response  to  the  detection  of  an  INTL  interruption  signal  so  as  to  issue  an  ENST  interruption  when  no  INTL 
interruption  signal  cannot  be  detected  within  a  predetermined  period  of  time  of,  for  example,  1  sec.  When 
the  ENST  interruption  is  issued  three  times,  that  is,  when  no  INTL  interruption  can  be  detected  within  a 
period  of  time  of,  for  example,  3  sec,  the  engine  is  judged  as  having  stopped,  and  energization  of  the 
ignition  coil  58  and  operation  of  the  fuel  pump  32  are  ceased.  After  execution  of  these  processing  steps,  the 
microcomputer  stands  by  until  the  START-SW  152  is  turned  on.  Table  1  shows  the  outline  of  processing 
executed  in  response  to  the  interruption  signals  described  above. 

TABLE  1 

Interrupt  Outline  of  processing 

INTL  Ignition  timing  is  set  in  INJD  in  INJC  134. 

ADC1  Task  ADIN1  is  activated. 

ADC2  Air  flow-rate  signal  processing  task  AC  is 
activated. 

INTV  Activating  timings  of  tasks  ADIN2,  EGI, 
MONIT,  ADIN1,  AFSIA  and  ISC  to  be  activated 
at  predetermined  periods  are  checked  to 
activate  the  task  now  ready  to  be  activated. 

ENST  ENST  interrupt  processing  is  executed  to 
initialize  the  system. 

As  to  the  INTL  processing  program  202  and  the  macro  processing  program  228,  the  processing  steps 
are  performed  in  the  manner  as  described  above. 

The  following  tasks  are  activated  in  response  to  the  various  interruptions  as  described  above.  Tasks 
belonging  to  the  task  level  "0"  include  a  fuel  cutting  processing  task  (hereinafter  referred  to  as  an  AC  task), 
a  fuel  injection  control  task  (hereinafter  referred  to  as  an  EGI  task),  and  a  starting  timing  monitoring  task 
(hereinafter  referred  to  as  an  MONIT  task).  Tasks  belonging  to  the  task  level  "1"  include  an  AD1  input  task 
(hereinafter  referred  to  as  an  ADIN1  task)  and  a  time  coefficient  processing  task  (hereinafter  referred  to  a  an 
AFCIA  task).  Tasks  belonging  to  the  task  level  "2"  include  an  idling  rotation  control  task  (hereinafter 
referred  to  as  an  ISC  task),  a  compensation  computation  task  (hereinafter  referred  to  as  an  HOSEl  task),  and 
a  pre-starting  processing  task  (hereinafter  referred  to  as  an  ISTRT  task). 

Table  2  shows  the  allocation  of  the  task  levels  and  the  functions  of  the  individual  tasks. 
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TABLE  2 

Task  Activation 
Level  Program  No.  Function  period 

0  INTL  Engine-rotation-  At  least 
interruption  control  5  msec 

OS 
1  Other  OS  processing 

AC  0  Fuel  cutting  10  msec 

Adjustment  of  integra- 
EGI  1  tion  flow-rate  20  msec 

reference  level 
0 

Monitoring  of  START-SW 
(OFF),  control  of  fuel 

MONIT  3  injection  time  in  40  msec 
starting  stage,  start- 
stop  of  soft  timers 

Correction  and  filter- 
ADIN1  4  ing  of  inputs  to  50  msec 

ADC  122 

1  Control  of  after- 
starting,  after- 

AFSIA  6  idling  and  after-  120  msec 
acceleration  time 
factors 

ISC  8  Idling  rotation  speed  160  msec 
control 

HOSEl  9  Compensation  factor  300  msec 
computation 

2  Computation  of  EGI 
initial  value,  monitor- 
ing  of  START-SW  (ON), 

ISTRT  11  start-stop  of  soft  30  msec 
timers,  starting  of 
fuel  pump,  starting  of 
I/O  LSI 

As  will  be  apparent  from  Table  2,  the  activation  periods  of  the  individual  tasks  activated  in  response  to 
the  various  interruptions  are  previously  determined,  and  this  information  is  stored  in  the  ROM  104. 

Description  will  now  be  directed  as  to  the  processing  of  the  output  signal  from  the  hot-wire  type  flow 
rate  sensor  and  the  fuel  injection  control.  Fig.  1  5  shows  the  manner  of  processing  of  the  output  signal  from 
the  hot-wire  type  flow  rate  sensor  employed  in  the  present  invention.  The  instantaneous  air  flow  rate  qA 
can  be  computed  from  the  hot-wire  sensor  output  voltage  vfrom  the  equation  (5).  Since  the  instananeous 
air  flow  rate  qA  is  an  instananeous  value  in  the  pulsating  state  as  shown  in  Fig.  15,  it  is  sampled  at  a 
predetermined  time  interval  At.  The  mean  air  flow  rate  QA  can  be  computed  from  the  respective  sampled 
values  of  the  instantaneous  air  flow  rate  qA  according  to  the  following  equation: 

QA=- 
qA1  •  At+qA2  •  At+  •  •  •  •  +qAn  •  At 

n  •  At 

n 

n=1 

n 
(8) 
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Thus,  the  air  flow  rate  sucked  into  the  cylinder  can  be  obtained  as 

n 
£  qA„ 

5  n=1 

from  the  equation  (8).  Thus,  the  integrated  air  flow  rate  can  be  obtained  by  the  above-mentioned  signal 
processing. 

The  control  of  fuel  injection  will  be  next  described.  According  to  the  present  invention,  the  fuel 
'0  injection  may  be  performed  in  such  a  manner  that  the  amount  of  fuel  injected  per  revolution  of  the  engine 

is  computed  on  the  basis  of  the  equation  (7),  to  thereby  perform  fuel  injection  once  per  one  suction  stroke 
in  each  cylinder,  for  example,  once  every  180°  rotation  of  the  crank  in  the  case  of  engine  provided  with  4 
cylinders.  Alternatively,  the  fuel  injection  may  be  performed  when  the  integrated  air  flow  rate  actual  value 
attains  a  given  level.  Although  an  embodiment  in  which  the  present  invention  is  applied  to  the  latter  fuel 

@'5  injection  system,  the  present  invention  can  be  applied  to  the  former  one. 
Fig.  16  shows  the  timing  of  fuel  injection  according  to  the  above-mentioned  latter  fuel  injection  system. 

The  instantaneous  air  flow  rate  qA  is  integrated  for  a  predetermined  period  of  time,  and,  when  the 
integrated  airflow  rate  actual  value  attains  or  exceeds  an  integrated  airflow  rate  reference  level  Q„  fuel  is 
injected  for  a  predetermined  period  of  time  fas  seen  in  Fig.  16.  That  is,  fuel  is  injected  at  the  timing  at  which 

20  the  integrated  instantaneous  air  flow  rate  actual  value  has  attained  the  integrated  air  flow  rate  reference 
level  Q|.  In  Fig.  16,  there  are  shown  three  integrated  air  flow  reference  levels  Qn,  Q,2  and  Q,3.  When  the 
integrated  air  flow  rate  reference  level  is  shifted  from  QM  to  Q,2,  the  fuel-air  mixture  becomes  richer,  while 
when  it  is  shifted  from  Q2  to  Q3,  the  fuel-air  mixture  becomes  leaner.  According  to  this  system,  the 
integrated  air  flow  rate  reference  value  Q,  is  suitably  shifted  so  as  to  adjust  the  air-fuel  ratio  (A/F)  as 

25  described.  A  rich  fuel-in  mixture  is  required  during  warming-up  in  the  engine  starting  stage,  and  this  can  be 
achieved  by  reducing  the  integrated  airflow  rate  reference  level  Q,.  For  the  optimized  control  of  the  air-fuel 
ratio,  the  integrated  air  flow  rate  reference  level  Q,  can  be  suitably  adjusted  by  the  ON-OFF  of  the  output 
from  an  02  sensor  (not  shown). 

Fig.  17  is  a  flowchart  for  processing  the  taking-in  of  the  output  signal  of  the  hot-wire  type  flow  rate 
30  sensor  and  the  timing  of  the  fuel  injection. 

Referring  to  Fig.  17,  judgement  is  made  in  a  step  801  as  to  whether  the  interruption  is  an  INTL 
interruption  or  not.  When  the  result  of  judgement  in  the  step  801  proves  that  the  interruption  is  an  INTL 
one,  the  ADV  REG  in  IGNC  138  is  set  so  as  to  complete  the  INTL  interruption  processing  program.  When  the 
result  of  judgement  in  the  step  801  proves,  on  the  contrary,  that  the  interruption  is  not  the  INTL  one, 

35  judgement  is  made  in  a  step  805  as  to  whether  the  interruption  is  the  QA  timer  interruption  or  not.  When  the 
result  of  judgement  in  the  step  801  proves  that  the  interruption  is  a  QA  timer  interruption,  activation  is  made 
for  taking-in  the  output  of  the  hot-wire  type  flow  rate  sensor  in  a  step  806,  and  taking-in  of  the  output  of  the 
hot-wire  type  flow  rate  sensor  is  performed  in  a  step  807.  The  instantaneous  airflow  rate  qA  as  shown  in  the 
equation  (5)  is  computed  in  a  step  808  and  the  integration  processing  is  performed  in  a  step  809. 

40  Judgement  is  made  in  a  step  810  as  to  whether  the  integrated  value  of  instantaneous  air  flow  rate  has 
reached  the  integrated  air  flow  rate  reference  level.  When  the  result  of  judgement  in  the  step  810  proves 
that  the  integrated  air  flow  rate  reference  level  has  been  reached,  a  period  of  time  of  fuel  injection  t 
corresponding  to  the  integrated  airflow  rate  reference  level  is  set  in  a  step  811  into  the  INJD  REG  of  INJC 
134  (Fig.  5),  and  basic  injection  pulse  is  produced  in  a  step  812  from  the  INJD  REG  of  INJC  134  to  the 

45  injector  12  through  the  AND  gate  136  to  initiate  the  injection  with  the  basic  fuel  amount  TP.  At  this  time,  the 
width  of  the  basic  injection  pulse  is  determined  by  the  period  of  timer  for  injection,  and  the  amount  of  basic 
fuel  injection  TP  is  determined  by  the  integrated  air  flow  rate  reference  level.  In  a  step  813,  the  difference 
between  the  integrated  air  flow  rate  actual  value  and  the  integrated  air  flow  rate  reference  level  is 
computed  to  regard  it  as  the  present  integrated  air  flow  rate.  When  the  result  of  judgement  in  the  step  805 

so  proves  that  the  interruption  is  not  a  QA  timer  interruption,  judgement  is  made  in  a  step  815  as  to  whether 
the  interruption  is  an  ADC  interruption  or  not.  When  the  result  of  judgement  in  the  step  81  5  proves  that  it  is 
an  ADC  one,  judgement  is  made  in  a  step  81  6  as  to  whether  or  not  the  1ST  flag  is  in  the  state  "1  ".  When  the 
result  of  judgement  in  the  step  816  is  "YES",  the  hot-wire  type  flow  rate  sensor  is  activated  and  the  output 
of  the  same  is  taken-in  in  a  step  817.  The  thus  taken-in  value  of  the  airflow  rate  is  used  for  detection  of  the 

55  engine  start  due  to  rotation  torque  of  wheels.  When  the  result  of  judgement  in  the  step  81  5  proves  that  the 
interruption  is  not  an  ADC  one,  as  well  as  when  the  result  of  judgement  in  the  step  816  is  "NO",  the 
processing  is  shifted  to  the  INTV  interruption  processing  606  in  Fig.  14. 

Fig.  18  shows  the  relation  between  the  temperature  TW  of  engine  cooling  water  sensed  by  the  cooling 
water  temperature  sensor  56  and  the  air  flow  rate  reference  level.  That  is.  Fig.  18  shows  how  the  reference 

60  level  is  varied  relative  to  the  output  signal  of  the  water  temperature  sensor  56.  The  temperature  range  of 
from  -40°C  to  40°C  corresponds  to  the  warming-up  level  in  which  the  engine  is  started  from  its  cold  state. 
The  temperature  range  from  40°C  to  85°C  corresponds  to  the  normal  starting  level,  and  the  temperature 
range  higher  than  85°C  corresponds  to  the  hot  re-starting  level.  As  soon  as  the  engine  key  is  turned  on  to 
start  the  engine,  the  sensor  output  signal  indicative  of  the  temperature  of  the  engine  cooling  water  is  taken 

65  into  the  ADC1  so  that  the  air  amount  reference  level  corresponding  to  the  sensed  temperature  can  be  set  by 

11 
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comparison  according  to  the  relation  shown  in  Fig.  18.  The  INTST  program  624  shown  in  Fig.  14  is  executed 
for  this  purpose. 

Now,  the  fuel  injection  control  processing  in  acceleration  using  a  fuel  injection  control  apparatus  will 
be  explained  with  reference  to  Figs.  19  to  28. 

5  Fig.  19  shows  a  fuel  control  processing  flow  in  acceleration  from  an  idle  or  deceleration  state. 
In  the  embodiment  under  consideration,  the  amount  of  additional  fuel  injection  is  increased  when  the 

engine  is  accelerated  from  an  idle  or  deceleration  state.  This  process  is  executed  at  intervals  of  the  10  msec. 
First,  step  901  decides  whether  or  not  the  idle  siwtch  148  shown  in  Fig.  5  is  turned  on,  and  if  it  is  on,  in 

step  902  the  idle  switch  flag  "1"  is  set  in  RAM,  followed  by  step  903.  If  it  is  proved  that  the  idle  switch  is  off 
w  in  step  901,  on  the  other  hand,  the  process  is  passed  to  step  903,  where  the  throttle  valve  opening  TH  is 

detected  by  the  throttle  valve  opening  sensor  1  16  and  is  stored  in  RAM.  Then,  the  throttle  valve  opening  TH 
detected  at  step  904  is  compared  with  the  throttle  valve  opening  TH  (OLD)  which  has  been  detected  and 
stored  in  RAM  30  msec  before,  and  it  is  decided  whether  the  throttle  opening  change  rate  ATH 
(ATH=TH-TH  (OLD))  is  positive  or  not,  that  is,  the  acceleration  state  is  involved  or  not.  If  ATH^O,  that  is, 

15  the  acceleration  state  is  not  involved,  the  process  proceeds  to  step  910.  If  it  is  decided  that  ATH  is  larger 
than  zero,  by  contrast,  the  compensation  factor  K  for  acceleration  injection  is  computed  on  the  basis  of  ATH 
in  step  905.  Then,  in  step  906,  it  is  decided  whether  or  not  the  idle  switch  flag  is  "1".  If  the  flag  is  "1",  it  is 
decided  that  the  acceleration  from  idle  or  deceleration  state  is  involved,  and  in  step  907,  the  product  of  the 
compensation  facktor  K  and  a  predetermined  value  n  (n>1)  is  determined,  so  that  the  factor  nK  is 

20  multiplied  by  the  basic  amount  of  injection  T  determined  in  step  812  in  Fig.  17,  thus  computing  the 
additional  amount  of  fuel  injection  T0.  When  the  flag  is  not  "1  ",  on  the  other  hand,  the  additional  amount  of 
fuel  injection  T0  is  computed  from  the  compensation  factor  K. 

•  In  step  909,  the  additional  amount  of  fuel  injection  T0  is  injected.  Namely,  an  interruption  injection 
pulse  c  is  produced  after  the  basic  pulse  a  and  an  additional  injection  pulse  b  in  addition  to  the  basic 

25  injection  pulse  a  is  produced. 
Step  910  decides  whether  or  not  the  idle  switch  is  off,  and  if  the  switch  is  off,  the  flag  "1"  is  reset.  Thus, 

in  the  acceleration  just  after  an  idle  or  deceleration  state,  a  greater  amount  of  fuel  injection  than  at  other 
acceleration  states  is  injected. 

This  obviates  the  disadvantage  of  the  conventional  systems  that  the  basic  amount  of  fuel  injection  in 
so  an  idle  or  deceleration  state  is  so  small  that  the  intake  manifojd  is  not  sufficiently  wetted  and  therefore  it 

takes  some  time  to  sufficiently  wet  the  intake  manifold  in  acceleration  in  spite  of  the  additional  fuel 
injection,  resulting  in  an  insufficient  acceleration. 

If  it  is  decided  at  time  point  t,  that  the  throttle  opening  change  rate  ATH  is  positive  as  shown  in  the  time 
chart  of  Fig.  20,  interruption  injection  pulses  c  are  produced  at  step  909  at  intervals  of  10  msec  after  the 

35  basic  injection  pulse  a  produced  at  step  812  of  Fig.  17.  Further,  an  additional  injection  pulse  6  is  produced  in 
addition  to  the  basic  injection  pglse  a.  The  pulse  widths  of  the  interruption  injection  pulse  c  and  the 
additional  injection  pulse  b  are  determined  by  the  additional  injection  amount  T0  and  are  set  to  a  value 
larger  than  in  the  conventional  systems. 

Thereafter,  as  long  as  it  is  decided  that  ATH  is  larger  than  zero,  the  additional  injection  amount  T0  is 
40  computed  on  the  basis  of  ATH  so  that  an  interruption  injection  pulse  and  an  additional  injection  pulse  with 

the  pulse  width  determined  by  the  additional  injection  amount  T0  are  produced. 
After  that,  in  response  to  the  decision  at  time  point  t3  that  ATH^O,  the  additional  injection  is  stopped 

and  only  the  basic  injection  pulse  a  is  produced. 
In  this  way,  as  shown  in  Fig.  20  (C),  the  fuel  air  mixture  is  prevented  from  being  lean  near  the  start  of 

45  acceleration  (initial  state  of  acceleration  corresponding  to  a  period  tt  —  12)  thereby  improving  acceleration. 
In  each  embodiment  of  the  present  invention,  additional  injection  may  be  performed  either  by  the 

interruption  injection  pulse  or  by  the  additional  injection  pulse. 
The  first  embodiment  of  the  present  invention  will  be  explained  with  reference  to  the  flowchart  of  Fig. 

21.  In  this  embodiment,  the  amount  of  additional  injection  in  acceleration  is  changed  in  accordance  with 
so  the  engine  load  thereby  to  prevent  the  mixture  from  being  lean  near  the  start  of  acceleration  from  small 

load  state.  This  flowchart  is  executed  at  intervals  of  10  msec. 
In  this  diagram,  step  921  fetches  and  subjects  the  throttle  opening  TH  to  A/D  conversion  and  the  result 

is  stored  in  the  RAM.  In  next  step  922,  the  difference  ATH  between  the  value  TH  fetched  presently  and  the 
value  TH  (OLD)  introduced  30  msec  before  is  determined,  followed  by  step  924  for  deciding  whether  or  not 

55  the  difference  ATH  is  larger  than  zero,  that  is,  whether  or  not  an  acceleration  is  involved.  If  it  is  decided  that 
an  acceleration  is  involved,  step  923  computes  the  compensation  factor  K,  for  acceleration  injection  from 
the  throttle  opening  change  rate  ATH. 

Then,  step  925  multiplies  the  compensation  factor  K,  for  acceleration  injection  by  the  basic  injection 
amount  TP  to  compute  the  additional  fuel  amount  TQ  for  acceleration, 

so  In  next  step  926,  a  value  representing  the  engine  load,  that  is,  the  negative  pressure  Pn  at  or  about  the 
throttle  valve  is  detected  from  the  output  of  the  negative  pressure  sensor  119  (Fig.  5).  In  this  way,  the 
embodiment  under  consideration  uses  the  negative  pressure  as  a  value  representing  the  load  so  that  the 
smaller  the  negative  pressure,  that  is,  the  nearer  to  the  atmospheric  pressure,  it  is  decided  that  the  opening 
of  the  throttle  valve  is  larger,  that  is,  the  load  is  larger.  In  a  system  for  producing  the  basic  injection  pulse  at 

55 
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each  180°  in  crank  rotation  according  to  equation  (7),  on  the  other  hand,  the  load  may  be  measured  from 
the  basic  fuel  injection  amount  (K  Q/N). 

Step  926  determines  the  compensation  factor  K  for  additional  fuel  injection  from  the  three-dimensional 
map  as  shown  in  Fig.  22  on  the  basis  of  the  negative  pressure  Pn  and  the  cooling  water  temperature  Tw, 

5  followed  by  step  927  where  the  compensated  additional  fuel  injection  amount  T  is  determined  from  the 
additional  fuel  injection  amount  T0  for  acceleration  and  the  compensation  factor  K  as  T=T0xK.  In  step  928, 
the  compensated  additional  fuel  injection  amount  T  for  acceleration  is  injected. 

In  other  words,  an  interruption  injection  pulse  c  and  an  additional  injection  pulse  b,  the  pulse  widths  of 
which  are  determined  by  the  additional  injection  amount  T,  are  produced. 

w  In  Fig.  22,  the  X-axis  represents  the  negative  pressure  Pn  and  the  Y-axis  the  cooling  water  temperature 
Tw  and  the  Z-axis  the  compensation  factor  K  for  acceleration. 

In  this  embodiment,  the  compensation  factor  K  is  determined  continuously  for  all  the  load  conditions 
by  use  of  a  three-dimensional  map.  The  additional  fuel  injection  amount  alternatively  be  increased  only 
when  the  load  is  below  a  predetermined  value  (such  as  when  the  negative  pressure  Pn  is  more  than  a 

is  predetermined  value).  In  this  case,  step  926  decides  whether  or  not  the  load  is  smaller  than  a 
predetermined  value,  and  only  when  it  is  decided  that  the  load  is  smaller  than  the  predetermined  value,  the 
compensation  factor  K  determined  by  the  cooling  water  temperature  Tw  may  be  read  from  a 
two-dimensional  map.  Alternatively,  when  it  is  decided  that  the  load  is  not  smaller  than  the  predetermined 
value,  the  additional  injection  amount  T„  may  be  injected  in  step  928.  In  this  embodiment,  the  additional 

20  injection  amount  may  be  obtained  without  regard  to  the  cooling  water  temperature  Tw. 
In  this  way,  according  to  the  present  embodiment,  a  sufficient  amount  of  additional  fuel  is  injected  in 

acceleration  from  small  load  state,  so  that  the  mixture  is  prevented  from  being  lean  near  the  start  of 
acceleration,  thus  achieving  a  superior  acceleration. 

Fig.  23  is  a  flowchart  for  achieving  a  satisfactory  acceleration  by  preventing  the  mixture  from  being 
25  lean  near  the  start  of  acceleration  from  low  engine  speed  by  changing  the  amount  of  additional  fuel 

injection  in  accordance  with  the  engine  speed.  In  this  second  embodiment  also,  the  flowchart  of  Fig.  23  is 
executed  at  intervals  of  10  msec. 

In  this  diagram,  step  941  fetches  a  throttle  opening  and  subjects  the  value  TH  thereof  to  A/D  conversion 
and  the  result  of  conversion  is  stored  in  the  RAM.  Then,  in  step  942,  the  difference  ATH  between  the  value 

30  TH  presently  fetched  and  the  value  TH  (OLD)  fetched  30  msec  previously,  that  is,  the  value  ATH=TH-TH 
(OLD)  is  determined. 

Step  943  determines  whether  or  not  this  value  ATH  is  larger  than  zero,  and  if  it  is  decided  that  it  is 
larger  than  zero,  that  is,  an  acceleration  is  involved,  then  step  944  computes  the  compensation  factor  K,  for 
acceleration  injection  from  the  throttle  opening  change  rate  ATH.  Then,  step  945  computes  the  additional 

35  fuel  injection  amount  T0  for  acceleration  from  the  basic  fuel  injection  amount  TP  and  the  compensation 
factor  K,  for  accelerating  injection.  That  is,  T0  is  determined  from  TPxK,. 

In  next  step  946,  the  compensation  factor  K  is  retrieved  from  the  map  as  shown  in  Fig.  24  on  the  basis 
of  the  engine  speed  N,  followed  by  the  step  947  for  computing  the  additional  fuel  injection  amount  T  for 
acceleration,  from  T0xK=T.  Then,  in  step  948,  the  additional  fuel  injection  amount  T  for  acceleration  is 

40  injected. 
In  the  embodiments  of  Fig.  21  and  23,  the  amount  of  additional  fuel  injection  is  large  near  the  start  of 

acceleration  and  decreases  with  increase  in  the  load  or  engine  speed,  thereby  maintaining  a  proper  air-fuel 
ratio  and  performing  satisfactory  acceleration. 

As  seen  from  the  above  description,  according  to  the  present  invention,  the  amount  of  fuel  injection  is 
45'  increased  in  order  to  prevent  the  mixture  gas  from  being  lean  near  the  start  of  acceleration. 

Now,  assuming  that  as  in  the  embodiment  of  Fig.  19,  the  additional  fuel  injection  amount  is  maintained 
constant  during  the  acceleration  period  (namely,  during  the  time  points  between  t,  and  t3  in  Fig.  20),  the 
air-fuel  ratio  is  likely  to  be  reduced,  that  is,  the  mixture  is  likely  to  become  rich  near  the  end  of  acceleration 
(i.e.,  during  the  period  from  t2  to  t3).  The  air-fuel  ratio  can  be  maintained  at  a  proper  value  by  increasing  the 

so  additional  fuel  injection  amount  near  the  start  of  acceleration  and  then  by  reducing  the  same  gradually. 
An  embodiment  for  processing  the  fuel  control  in  this  manner  will  be  explained  with  reference  to  the 

flowchart  of  Fig.  25. 
The  operation  of  this  flowchart  is  activated  by  the  interruption  at  intervals  of  10  msec.  First,  step  950 

decides  whether  or  not  the  throttle  opening  change  rate  ATH  is  positive,  that  is,  an  acceleration  is  involved. 
55  If  it  is  decided  that  an  acceleration  is  involved,  step  951  determines  the  number  of  compensations  for 

additional  fuel  injection  amount  on  the  basis  of  ATH  and  sets  the  number  in  a  soft  counter  in  the  RAM.  This 
number  of  compensations  is  proportional  substantially  to  the  value  ATH. 

Next  in  step  952,  the  compensation  factor  K,  for  acceleration  injection  is  computed  on  the  basis  of  ATH, 
followed  by  step  953  for  computing  the  initial  value  T0  of  the  additional  fuel  injection  amount  for 

so  acceleration  by  multiplying  the  basic  fuel  injection  amount  T  by  Kv 
Step  954  computes  the  additional  fuel  injection  amount  T  from  the  initial  value  T0  and  the  content  of 

the  counter  for  counting  the  number  of  compensations  provided  in  the  RAM.  The  additional  injection 
amount  T  is  substantially  proportional  to  the  product  of  the  initial  value  T0  and  the  content  of  the  counter, 
and  is  reduced  with  the  decrease  of  the  content  of  the  counter. 

65  In  next  step  955,  the  additional  fuel  injection  amount  T  is  set  in  the  register  134,  and  an  additional 
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injection  pulse  and  an  interruption  injection  pulse  are  produced  on  the  basis  of  the  value  T. 
In  step  956,  it  is  decided  whether  or  not  the  data  in  the  counter  is  zero,  and  if  it  is  zero,  the  additional 

injection  is  ended,  while  if  the  data  in  the  counter  is  not  zero,  the  process  is  passed  to  step  957.  In  step  957, 
it  is  decided  whether  or  not  a  predetermined  time  (10  msec  in  this  case)  has  passed,  and  if  the 

5  predetermined  time  has  passed,  the  data  in  the  counter  is  reduced  by  one  in  step  958. 
On  the  basis  of  the  data  in  the  counter  after  this  subtraction,  the  additional  fuel  is  injected.  In  this  way, 

the  amount  of  additional  fuel  injection  is  steadily  reduced  from  the  start  of  acceleration  as  shown  in  Fig.  26 
(C)  thereby  to  prevent  the  mixture  from  being  rich  near  the  end  of  acceleration.  As  apparent  from  Fig.  26 
(D)  ,  the  width  of  the  additional  injection  pulse  and  the  interruption  injection  pulse  is  reduced  with  the  lapse 

w  of  time  of  acceleration. 
In  the  case  where  the  basic  injection  pulse  is  produced  at  the  crank  revolution  of  each  180  degrees,  the 

counter  data  may  be  reduced  in  accordance  with  the  reference  angle  pulse  REF  produced  for  crank 
revolution  of  each  180  degrees  in  steps  957  and  958. 

In  this  embodiment,  in  the  event  of  a  slow  acceleration,  wherein  the  value  ATH  is  relatively  small  and 
is  the  acceleration  time  is  almost  in  a  range  of  200  msec  to  500  msec,  the  fuel  air  mixture  is  likely  to  be  rich 

because  the  additional  fuel  injection  responding  to  the  interruption  injection  pulse  c  is  performed  each  10 
msec  even  though  the  suction  air  flow  rate  increases  very  slowly.  Thus,  in  the  case  where  the  acceleration 
involves  a  small  value  of  the  throttle  opening  change  rate  ATH,  it  is  proposed  that  only  the  first  additional 
injection  is  effected  for  one  acceleration,  but  no  additional  injection  is  performed  thereafter  even  if  the 

20  throttle  opening  change  rate  is  detected  to  be  positive  every  10  msec,  to  thereby  prevent  the  mixture  from 
being  rich. 

In  this  embodiment,  unlike  in  the  aforementioned  embodiments,  the  additional  injection  compensation 
factor  K,  is  not  computed  according  to  the  value  ATH,  but  is  determined  according  to  the  opening  range  to 
which  the  value  ATH  belongs.  Further,  when  the  value  ATH  is  less  than  a  predetermined  value,  it  is  decided 

25  that  it  is  a  slow  acceleration  to  thereby  perform  the  additional  injection  only  once  for  one  acceleration. 
Alternatively,  when  the  value  ATH  is  not  less  than  the  predetermined  value,  it  is  decided  that  it  is  a  normal 
acceleration  to  thereby  perform  the  additional  acceleration  every  10  msec. 

The  flowchart  of  this  control  is  shown  in  Fig.  27.  Specifically  step  1001  fetches  the  throttle  opening  TH 
by  interruption  at  10  msec  intervals,  which  throttle  opening  TH  subjected  to  A/D  conversion  and  is  stored  in 

30  the  RAM.  Next,  the  difference  ATH  between  the  presently  fetched  throttle  opening  TH  and  the  throttle 
opening  TH  (OLD)  fetched  30  msec  before  is  determined  in  step  1002.  Step  1003  decides  whether  or  not  the 
value  ATH  is  larger  than  a  predetermined  value  a„  it  is  decided  that  it  is  not  an  acceleration  state  so  that 
step  1004  resets  the  flag  1  for  non-execution  of  additional  injection.  If  the  value  ATH  is  a,  or  more,  on  the 
other  hand,  step  1005  decides  whether  or  not  ATH  is  a  predetermined  value  a2  (a2>a1)  or  more.  If  step  1005 

35  decides  that  ATH  is  smaller  than  a2,  it  is  decided  that  the  value  ATH  belongs  to  a  throttle  opening  range  "1",. 
that  is  a2>ATH^a1.  Further,  it  is  decided  that  it  is  a  slow  acceleration  state,  so  that  the  value  of  the 
compensation  factor  K,  determined  from  the  opening  range  "1"  and  water  temperature  Tw  is  retrieved 
from  the  map  in  step  1006.  Then  in  step  1007,  the  amount  of  additional  fuel  injection  for  acceleration 
commensurate  with  the  compensation  factor  K,  is  computed,  followed  by  step  1008  for  deciding  whether 

4o  the  flag  1  is  "0"  or  not.  If  it  is  decided  in  step  1008  that  the  flag  1  is  not  "0",  that  is,  the  flag  is  set,  then  the 
decision  is  that  one  additional  injection  based  on  the  range  "1"  has  already  been  completed  and  therefore 
no  additional  injection  is  effected  any  more. 

If  it  is  decided  that  the  flag  1  is  "0",  on  the  other  hand,  step  1009  effects  additional  injection  once, 
followed  by  step  1010  for  setting  the  flag  1.  As  a  result,  the  additional  injection  for  the  range  "1"  is 

45  indicated. 
When  step  1005  decides  that  the  value  ATH  is  a2  or  larger,  step  1011  decides  whether  or  not  ATH  is  a3 

(a3>a2)  or  more.  It  is  decided  at  this  step  101  1  that  ATH  is  less  than  a3,  the  resulting  decision  is  that  ATH  is 
belongs  to  an  opening  range  "2",  that  is,  a3>ATHSa2.  Further,  it  is  decided  that  it  is  a  slow  acceleration  and 
so  in  step  1012,  the  compensation  factor  K,  is  determined  from  the  water  temperature  Tw  and  the  range 

so  "2".  The  additional  fuel  injection  amount  for  acceleration  based  on  this  compensation  factor  K,  is 
computed  at  step  1013,  followed  by  step  1014  where  it  is  decided  whether  or  not  the  flag  2  is  "0".  If  step 
1014  decides  that  the  flag  2  is  not  "0",  that  is,  the  flag  is  set,  then  no  additional  fuel  injection  is  effected. 
When  it  is  decided  that  the  flag  2  is  "0",  by  contrast,  step  1015  performs  additional  fuel  injection  once  so 
that  the  flag  2  is  set  to  in  step  1016. 

55  When  step  1011  decides  that  the  value  ATH  is  a3  or  more,  on  the  other  hand,  step  1017  decides  whether 
or  not  ATH  is  not  less  than  a  predetermined  value  a4  (a4>a3).  If  step  1017  decides  that  ATH  is  smaller  than 
a4,  the  resulting  decision  is  that  ATH  belongs  to  an  opening  range  "3",  that  is,  a4>ATH^a3.  Further,  it  is 
decided  that  it  is  a  slow  acceleration,  so  that  step  1018  retrieves  the  map  for  the  compensation  factor  K-, 
determined  from  the  range  "3"  and  the  water  temperature  Tw,  followed  by  step  1019  where  the  additional 

so  fuel  injection  amount  for  acceleration  is  computed.  Next,  in  step  1020,  it  is  decided  whether  or  not  the  flag  3 
is  "0",  and  if  it  is  decided  that  the  flag  3  is  "0",  step  1021  effects  an  additional  injection,  followed  by  step 
1022  for  setting  the  flag  3. 

When  step  1020  decides  that  the  flag  3  is  not  "0",  on  the  other  hand,  no  additional  fuel  injection  is 
effected. 

65  if  step  1017  decides  that  ATH  is  a4  or  more,  the  resulting  decision  is  that  ATH  belongs  to  an  opening 
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range  "4".  Further,  it  is  decided  that  it  is  not  a  slow  acceleration  but  a  normal  acceleration,  so  that  step  1023 
retrieves  the  map  for  the  compensation  factor  determined  from  the  range  "4"  and  the  water  temperature 
Tw,  followed  by  step  1024  for  computing  the  additional  fuel  injection  amount  for  acceleration,  further 
followed  by  step  1025  for  additional  injection. 

5  As  seen  from  above,  in  the  case  where  a4>ATHSa1(  the  additional  fuel  injection  according  to  the  range 
"1",  "2"  or  "3"  is  effected  once  as  shown  in  Fig.  28  (B),  while  when  ATH§a4,  it  is  decided  that  the  slow 
acceleration  is  not  involved,  so  that  the  additional  fuel  injection  is  repeated  as  long  as  the  relation  ATH^a4 
is  maintained. 

The  amount  of  additional  fuel  injection  is  larger,  the  higher  the  range.  In  the  embodiments  of  Figs.  19, 
w  23  and  25,  like  in  the  embodiments  of  Figs.  21  and  27,  the  compensation  factor  K  may  be  modified  in 

accordance  with  the  cooling  water  temperature  Tw. 
Now,  in  any  embodiments,  the  additional  fuel  injection  amount  T0  may  be  obtained  from  a  map. 
Referring  to  Figs.  29  to  31,  the  INTV  interruption  processing  will  be  now  described.  Fig.  29  shows  a  soft 

timer  table  which  is  provided  in  the  RAM  106  and  which  is  provided  with  timer  blocks  in  the  same  number 
15  as  that  of  different  activation  periods  activated  by  various  kinds  of  interruptions.  The  term  "timer  block"  is 

defined  as  a  storage  area  into  which  time  information  with  respect  to  the  activation  period  of  the  task 
stored  in  the  ROM  104.  In  Fig.  29,  "TMB"  described  as  the  left  end  represents  the  head  address  of  the  soft 
timer  table  in  the  RAM  106.  Into  each  of  the  timer  blocks  of  the  soft  timer  table,  the  time  information  with 
respect  to  the  above-mentioned  activation  period  is  stored  from  the  ROM  104  in  starting  the  engine.  That  is, 

20  when  the  INTV  interruption  is  performed,  for  example,  at  a  regular  period  of  time  of  10  msec,  a  value  which 
is  integral  multiplies  of  10  ms  and  which  represents  the  respective  activation  period  is  transferred  and 
stored  in  the  respective  timer  block. 

Fig.  30  shows  a  flowchart  for  executing  the  INTV  interruption  processing  606.  In  Fig.  30,  if  the  program 
is  activated  at  a  step  626,  the  soft  timer  table  provided  in  the  RAM  106  is  initialized  in  a  step  628.  That  is,  the 

25  contents  /  of  the  index  register  is  made  0  (zero)  and  the  residual  timer  T,  stored  in  the  timer  block  of  the 
address  TMB+0  in  the  timer  table  is  checked.  In  this  case  T,  =T0.  Next,  judgement  is  made  in  a  step  630  as 
to  whether  the  soft  timer  checked  in  the  step  628  is  in  the  state  of  stoppage  or  not.  That  is,  when  the 
residual  time  T,  stored  in  the  soft  timer  table  is  0  (zero),  the  judgement  is  concluded  that  the  soft  timer  is  in 
the  state  of  stoppage  and  that  the  corresponding  task  to  be  activated  by  the  specific  soft  timer  is  in  the  state 

30  of  stoppage,  so  that  processing  is  jumped  to  a  step  640  in  which  the  soft  timer  table  is  renewed.  That  is,  the 
above-mentioned  judgement  is  made  on  the  basis  of  the  fact  that  when  the  task  is  stopped,  the  residual 
timer  is  left  it  as  it  is  without  being  initialized  when  it  becomes  0  (zero). 

In  the  case  where  the  residual  timer  T,^0,  the  processing  is  shifted  to  a  step  632  in  which  the  residual 
timer  in  the  time  block  is  renewed.  In  particular,  the  residual  timer  T,  is  decremented  by  1  (one).  Next, 

35  judgement  is  made  in  a  step  634  as  to  whether  the  soft  timer  has  reached  the  activation  period  or  not.  When 
the  residual  timer  T,=0,  the  judgement  is  concluded  that  the  activation  period  has  been  reached  and  the 
processing  is  shifted  to  a  step  636.  If  the  judgement  is  concluded  that  the  soft  timer  has  not  reached  the 
activation  period,  on  the  contrary,  the  processing  is  jumped  to  the  step  640  in  which  the  soft  timer  table  is 
renewed.  When  the  soft  timer  table  has  reached  the  activation  period,  the  residual  time  T,  is  the  soft  timer 

40  table  is  initialized  in  the  step  636.  That  is,  the  timer  information  with  respect  to  the  activation  period  of  the 
specific  task  is  transferred  from  the  ROM  104  to  the  RAM  106.  After  the  residual  timer  T,  of  the  soft  timer 
table  has  been  initialized  in  the  step  636,  an  activation  request  for  the  task  corresponding  to  the  soft  timer 
table  is  issued  in  a  step  638.  Then,  the  soft  timer  table  is  renewed  in  the  step  640.  That  is,  the  contents  of  the 
soft  timer  table  is  incremented  by  1  (one).  Further  judgement  is  made  in  a  step  642  as  to  whether  all  the  soft 

45  timers  have  been  checked  or  not.  That  is,  since  (n+1  )  soft  timer  tables  are  provided  in  this  embodiment  as 
seen  in  Fig.  30,  the  judgement  is  concluded  that  ail  the  soft  timer  tables  have  checked  when  the  contents  /'  of 
the  index  register  is  i=n+1  and  the  INTV  interruption  processing  program  606  is  terminated  in  a  step  644. 
When  the  judgement  is  concluded  in  the  step  642  that  not  all  the  soft  timer  tables  has  been  checked,  on  the 
contrary,  the  processing  is  returned  back  to  the  step  630  so  that  the  above-mentioned  processings  are 

so  performed. 
As  described  above,  in  accordance  with  various  kinds  of  interruptions  activation  requests  for  specific 

tasks  corresponding  to  the  interruptions  are  issued  and  the  specific  tasks  are  executed  in  response  to  the 
activation  requests.  However,  all  the  tasks  listed  up  in  Table  2  are  not  always  executed,  but  pieces  of  time 
information  with  respect  to  activation  periods  of  the  respective  tasks  provided  in  the  ROM  104  are  selected 

55  on  the  basis  of  the  running  information  as  to  the  engine  and  the  selected  time  information  is  stored  in  the 
RAM  106.  Assuming  that  the  activation  period  of  a  given  task  is,  for  example  20  msec,  the  task  is  activated 
at  the  regular  period  of  time  of  20  msec,  and  if  the  activation  of  the  task  is  necessary  to  be  continuously 
effected  in  accordance  with  the  running  condition  of  engine,  the  soft  timer  table  corresponding  to  the 
specific  task  is  always  renewed  so  as  to  be  initialized. 

so  Next,  the  status  in  which  the  activation  of  tasks  is  stopped  due  to  various  interruptions  in  accordance 
with  the  running  condition  of  the  engine  will  be  described  by  referring  to  the  time  chart  of  Fig.  31  .  Upon  the 
actuation  of  the  START-SW  152  (Fig.  5),  the  CPU  102  is  actuated  and  "1"  is  set  to  each  of  the  software  flags 
1ST  and  EM.  The  software  flag  1ST  is  provided  for  indicating  that  the  engine  is  in  its  pre-starting  state  and 
the  software  flag  EM  is  provided  for  the  inhibition  of  ENST  interruption.  In  accordance  with  these  two  flags, 

65  judgement  is  made  as  to  whether  the  engine  is  in  its  pre-starting  state,  in  its  starting  state,  or  in  its 
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post-starting  state.  When  the  START-SW  152  is  actuated  to  turn  on  power,  the  task  ADIN1  is  first  activated 
so  that  the  data,  such  as  the  cooling  water  temperature,  the  battery  voltage,  necessary  for  the  starting  of 
the  engine  are  taken  from  the  various  sensors  into  the  ADC  122  through  the  MPX  120,  and  every  time  all 
these  data  have  been  successively  inputted,  the  task  HOSEl,  that  is,  the  compensation  task,  is  activated  so 

s  that  compensation  is  computed  on  the  basis  of  the  inputted  data.  Further,  every  time  all  the  data  from  the 
various  sensors  have  been  successively  inputted  to  the  ADC  122  in  accordance  with  the  ADIN1,  the  task 
ISTRT  is  activated  so  that  the  fuel  injection  amount  necessary  in  starting  of  the  engine  is  computed.  The 
above-mentioned  three  tasks,  that  is,  the  task  ADIN1,  the  task  HOSEl  and  the  task  ISTRT  are  activated  in 
accordance  with  the  initial  processing  program  202. 

io  Upon  the  turning  ON  of  the  START-SW  1  52,  the  three  tasks,  that  is,  the  task  ADIN  1  ,  the  task  HOSEl  and 
the  task  ISTRT  are  activated  by  the  interruption  signal  of  the  task  ISTRT.  That  is,  these  tasks  have  to  be 
executed  only  in  the  period  in  which  the  START-SW  152  is  in  its  ON  state  (in  the  period  of  cranking  of  the 
engine).  In  this  period,  pieces  of  time  information  with  respect  to  the  predetermined  activation  periods  are 
transferred  from  the  ROM  1  04  to  the  soft  timer  tables  corresponding  to  the  respective  tasks  provided  in  the 

15  RAM  106.  Further,  in  this  period,  the  residual  time  T-,  in  the  respective  soft  timer  table  is  initialized  and  the 
setting  of  activation  period"  is  repeatedly  performed.  Being  provided  for  computing  the  fuel  injection 
amount  in  the  starting  of  the  engine,  the  task  MONIT  becomes  unnecessary  after  the  engine  starting,  and 
therefore  after  the  task  has  been  executed  predetermined  times,  the  activation  of  the  soft  timer  is  stopped 
and  tasks  necessary  in  the  post-starting  state  of  the  engine  other  than  the  task  MONIT  are  activated  in 

zo  response  to  a  stoppage  signal  produced  upon  the  termination  of  the  task  MONIT.  In  order  to  perform  the 
stoppage  of  the  task  by  the  soft  timer,  "0"  is  stored  in  the  soft  timer  table  corresponding  to  the  task  in 
response  to  a  signal  indicating  the  termination  of  the  task  at  the  judgement  point  of  time  at  the  end  of  the 
task.  That  is,  the  stoppage  of  task  is  effected  by  clearing  the  contents  of  the  soft  timer  corresponding  to  the 
task.  Thus  arrangement  is  made  such  that  the  stoppage  of  task  activation  can  be  simply  attained  by  the  soft 

25  timer  and  therefore  a  plurality  of  tasks  having  different  activation  periods  from  each  other  can  be  controlled 
effectively  and  reliably. 

Fig.  32  shows  an  IRQ  generating  circuit.  An  INTV  IRQ  generating  circuit  is  constituted  by  a  register  735, 
a  counter  736,  a  comparator  737,  and  a  flip-flop  738,  and  a  period  for  generating  INTV  IRQ,  for  example  10 
msec,  is  set  into  the  register  735.  A  clock  pulse  is  set  into  the  counter  736,  and  when  the  count  of  the 

30  counter  736  becomes  coincident  with  the  contents  of  the  register  735,  the  flip-flop  738  is  set.  In  this  set  state 
of  the  flip-flop  738,  the  counter  736  is  cleared  and  the  counting  is  restarted.  Therefore,  the  INTV  IRQ  is 
generated  at  a  predetermined  regular  interval  of  time  (10  msec).  An  ENST  IRQ  generating  circuit  for 
detecting  engine  stoppage  is  constituted  by  a  register  741,  a  counter  742,  a  comparator  743,  and  a  flip-flop 
744.  The  register  741,  the  counter  742  and  the  comparator  743  operate  in  the  same  manner  as  described 

35  above  in  the  INTV  IRQ  generating  circuit  so  that  when  the  count  of  the  counter  742  has  reached  the  contents 
of  the  register  741,  an  ENST  IRQ  is  generated.  However,  since  the  counter  742  is  cleared  by  an  REF  pulse 
generated  by  a  crank  angle  sensor  at  a  predetermined  interval  of  crank  angles  during  the  rotation  of  engine, 
the  count  of  the  counter  742  cannot  reach  the  contents  of  the  register  741  so  that  no  ENST  IRQ  is  generated. 

An  INTV  IRQ  generated  by  the  flip-flop  738,  an  ENST  IRQ  generated  by  the  flip-flop  744,  and  IRQs 
40  generated  by  the  ADC1  and  ADC2  are  set  into  flip-flops  740,  746,  764  and  768  respectively.  A  signal  for 

generating/inhibiting  IRQ  is  set  into  each  of  flip-flops  739,  745,  762,  and  766.  If  "H"  is  set  in  any  one  of  the 
flip-flops  739,  745,  762,  and  766,  corresponding  one  of  AND  gates  748,  750,  770,  and  772  is  enabled  so  that 
an  IRQ  is  immediately  generated  through  an  OR  gate  751  .  Thus,  an  IRQ  can  be  inhibited  from  generation  or 
released  from  inhibition  by  setting  "H"  or  "L"  into  the  respective  flip-flops  739,  745,  762  and  766.  The  cause 

45  of  generation  of  IRQ  is  removed  by  taking  the  contents  of  the  flip-flop  740,  746,  764  and  768  into  the  CPU. 
When  the  CPU  begins  to  execute  a  program  in  response  to  an  IRQ,  it  is  necessary  to  delete  the  IRQ 

signal  and  therefore  specific  one  of  the  flip-flops  740,  746,  764,  and  768  concerned  with  the  specific  IRQ  is 
cleared. 

50  Claims 

1.  A  control  method  for  internal  combustion  engines  having  actuator  means  controlling  respective 
energy  conversion  functions  of  said  engine  including  a  fuel  injector  supplying  fuel  to  said  engine  and 
sensor  means  including  a  throttle  opening  sensor  detecting  the  opening  of  a  throttle  valve,  a  crank  angle 

55  sensor  for  determining  the  rotational  speed  of  the  engine,  a  negative  pressure  sensor  detecting  a  negative 
pressure  in  the  intake  pipe  and  a  water  temperature  sensor  for  detecting  the  temperature  of  the  cooling 
water;  comprising  following  steps: 

successively  fetching  output  signals  of  said  throttle  opening  sensor  with  a  predetermined  time  interval 
and  calculating  a  throttle  opening  change  rate  ATH  of  said  throttle  valve  on  the  basis  of  the  output  signal  of 

60  said  throttle  opening  sensor  to  thereby  determine  an  acceleration  state  when  the  calculated  throttle 
opening  change  rate  is  positive, 

supplying  a  basic  amount  of  fuel  (TP)  to  said  engine  in  a  steady  operation  condition  of  said  engine  and 
supplying  an  additional  amount  of  fuel  in  addition  to  said  basic  amount  of  fuel  in  an  acceleration  condition, 
said  additional  amount  of  fuel  having  a  basic  value  (T0)  determined  in  accordance  with  the  calculated 

65  throttle  opening  change  rate; 
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calculating  a  fuel  amount  compensation  factor  (K,)  at  the  acceleration  condition  on  the  basis  of  the 
present  value  of  the  calculated  throttle  opening  change  rate  for  determining  the  basic  value  (T0)  of  the 
additional  amount  of  fuel  by  multiplying  the  basic  amount  of  fuel  (Tp)  by  (K,)  so  that  T^TpXl^;  and 

modifying  the  basic  value  (TD)  of  the  additional  amount  of  fuel  in  accordance  with  the  operating 
5  condition  of  said  engine,  characterized  by  following  steps: 

determining  a  small  load  state  in  accordance  with  the  negative  pressure; 
determining  the  common  occurence  of  both  an  acceleration  condition  and  a  small  load  state,  wherein 

if  this  common  occurrence  has  been  determined,  the  step  of  modifying  the  basic  value  (TD)  of  the  additional 
amount  of  fuel  includes 

70 
—  calculating  a  modifying  factor  K,  the  value  of  which  depends  on  the  value  of  the  small  load 

according  to  which  a  small  load  state  has  been  determined  and/or  the  cooling  water  temperature, 
so  that  the  modifying  factor  K  decreases  with  increasing  small  load, 

—  determining  the  modified  additional  amount  (T)  of  fuel  by  multiplying  the  basic  value  (T0)  of  the 
75  additional  amount  of  fuel  by  the  modifying  factor  (K)  so  that  T=T0xK. 

2.  A  control  method  for  internal  combustion  engines  having  actuator  means  controlling  respective 
energy  conversion  functions  of  said  engine  including  a  fuel  injector  supplying  fuel  to  said  engine  and 
sensor  means  including  a  throttle  opening  sensor  detecting  the  opening  of  a  throttle  valve,  a  crank  angle 

20  sensor  for  determining  the  rotational  speed  of  the  engine,  a  negative  pressure  sensor  detecting  a  negative 
pressure  in  the  intake  pipe  and  a  water  temperature  sensor  for  detecting  the  temperature  of  the  cooling 
water;  comprising  following  steps: 

successively  fetching  output  signals  of  said  throttle  opening  sensor  with  a  predetermined  time  interval 
and  calculating  a  throttle  opening  change  rate  ATH  of  said  throttle  valve  on  the  basis  of  the  output  signal  of 

25  said  throttle  opening  sensor  to  thereby  determine  an  acceleration  state  when  the  calculated  throttle 
opening  change  rate  is  positive, 

supplying  a  basic  amount  of  fuel  (TP)  to  said  engine  in  a  steady  operation  condition  of  said  engine  and 
supplying  an  additional  amount  of  fuel  in  addition  to  said  basic  amount  of  fuel  in  an  acceleration  condition, 
said  additional  amount  of  fuel  having  a  basic  value  (TQ)  determined  in  accordance  with  the  calculated 

30  throttle  opening  change  rate; 
calculating  a  fuel  amount  compensation  factor  {K,)  at  the  acceleration  condition  on  the  basis  of  the 

present  value  of  the  calculated,  throttle  opening  change  rate  for  determining  the  basic  value  (T0)  of  the 
additional  amount  of  fuel  by  multiplying  the  basic  amount  of  fuel  (Tp)  by  (K,)  so  that  T0=TpxK1;  and 

modifying  the  basic  value  (T0)  of  the  additional  amount  of  fuel  in  accordance  with  the  operating 
35  condition  of  said  engine,  characterized  by  following  steps: 

determining  a  state  of  low  engine  speed  from  the  revolution  number  of  the  engine; 
determining  the  common  occurrence  of  both  an  acceleration  condition  and  a  low  engine  speed, 

wherein  if  this  common  occurrence  has  been  determined,  the  step  of  modifying  the  basic  value  (T0)  of  the 
additional  amount  of  fuel  includes 

40 
—  calculating  a  modifying  factor  K,  the  value  of  which  depends  on  the  value  of  the  low  engine  speed 

according  to  which  a  low  engine  speed  state  has  been  determined,  so  that  the  modifying  factor  K 
decreases  with  increasing  low  engine  speed,  and 

—  determining  the  modified  additional  amount  (T)  of  fuel  by  multiplying  the  basic  value  (T0)  of  the 
45  additional  amount  of  fuel  by  the  modifying  factor  (K)  so  that  T=T0xK. 

3.  A  control  method  according  to  claim  s  1  or  2,  characterized  in  that  said  additional  fuel  injection  is 
performed  once  for  one  acceleration  when  the  throttle  opening  change  rate  is  larger  than  zero  but  less  than 
a  predetermined  value. 

50 

Patentanspruche 

1.  Steuerverfahren  fur  Brennkraftmaschinen  mit  Stellorganen,  die  entsprechende 
55  Energieumwandlungsfunktionen  des  Motors  bestimmen,  umfassend  eine  Kraftstoffeinspritzduse,  die  dem 

Motor  Kraftstoff  zufiihrt,  und  Fuhler  einschlieSlich  eines  Drosselklappen-Fuhlers,  der  den  Offnungsgrad 
einer  Drosselklappe  erfaSt,  eines  Kurbelwinkelfuhlers,  der  die  Motordrehzahl  bestimmt,  eines 
Unterdruckfuhlers,  der  den  Unterdruck  in  der  Ansaugleitung  erfaSt,  und  eines  Wassertemperaturfuhlers, 
der  die  Kiihlwassertemperatur  erfaSt;  umfassend  die  folgenden  Schritte: 

60  sukzessives  Abrufen  von  Ausgangssignalen  des  Drosselklappenfuhlers  mit  vorbestimmtem 
Zeitabstand  und  Errechnen  einer  Drosselklappenoffnungs  -  Anderungsrate  ATH  der  Drosselklappe  auf  der 
Basis  des  Ausgangssignals  des  Drosselklappenfuhlers  unter  Bestimmung  eines  Beschleunigungszustands, 
wenn  die  errechnete  Drosselklappenoffnungs-Anderungsrate  positiv  ist 

Zufuhren  einer  Grundkraftstoffmenge  (Tp)  zum  Motor  im  stationaren  Betriebszustand  desselben  und 
55  Zufuhren  einer  weiteren  Kraftstoffmenge  zusatzlich  zu  der  Grundkraftstoffmenge  in  einem 
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Beschleunigungszustand,  wobei  die  zusatzliche  Kraftstoffmenge  einen  Grundwert  (T0)  hat,  der  nach 
Maftgabe  der  errechneten  Drosselklappenoffnungs  -  Anderungsrate  bestimmt  ist; 

Errechnen  eines  Kraftstoffmengen-Ausgleichsfaktors  (K,)  in  dem  Beschleunigungszustand  auf  der 
Basis  des  momentanen  Werts  der  errechneten  Drosselklappenoffnungs  -  Anderungsrate  zur  Bestimmung 

5  des  Grundwerts  (TQ)  der  zusatzlichen  Kraftsoffmenge  durch  Multiplikation  der  Grundkraftsstoffmenge  (Tp) 
mit  (K-,),  so  dalS  To^xK, ;   und 

Modifizieren  des  Grundwerts  (Tc)  der  zusatzlichen  Kraftstoffmenge  nach  Maftgabe  des 
Betriebszustands  des  Motors,  gekennzeichnet  durch  folgende  Schritte: 

Feststellen  eines  Niedriglastzustands  nach  Maftgabe  des  Unterdrucks; 
ro  Feststellen  des  gleichzeitigen  Auftretens  sowohl  eines  Beschleunigungs-  als  auch  eines 

Niedriglastzustands,  wobei,  wenn  dieses  gemeinsame  Auftreten  festgestellt  ist,  der  Schritt  der 
Modifizierung  des  Grundwerts  (T0)  der  zusatzlichen  Kraftstoffmenge  umfaftt: 

—  Errechnen  eines  Modifizierungsfaktors  K,  dessen  Wert  vom  Wert  der  Niedriglast,  aufgrund  welcher 
is  ein  Niedriglastzustand  festgestellt  wurde,  und/oder  der  Kuhlwassertemperatur  abhangt,  so  daft  der 

Modifizierungsfaktor  K  mit  zunehmender  Niedriglast  abnimmt, 
—  Bestimmen  der  modifizierten  zusatzlichen  Kraftstoffmenge  (T)  durch  Multiplikation  des  Grundwerts 

(T0)  der  zusatzlichen  Kraftstoffmenge  mit  dem  Modifizierungsfaktor  (K),  so  daft  T=T0xK. 

20  2.  Steuerverfahren  fur  Brennkraftmaschinen  mit  Stellorganen,  die  entsprechende 
Energieumwandlungsfunktionen  des  Motors  bestimmen,  umfassend  eine  Kraftstoffeinspritzduse,  die  dem 
Motor  Kraftstoff  zufuhrt,  und  Fuhler  einschlieftlich  eines  Drosselklappen-Fuhlers,  der  den  Offnungsgrad 
einer  Drosselklappe  erfaftt,  eines  Kurbelwinkelfuhlers,  der  die  Motordrehzahl  bestimmt,  eines 
Unterdruckfuhlers,  der  den  Unterdruck  in  der  Ansaugleitung  erfaftt,  und  eines  Wassertemperaturfuhlers, 

25  der  die  Kuhlwassertemperatur  erfaftt;  umfassend  die  folgenden  Schritte: 
sukzessives  Abrufen  von  Ausgangssignalen  des  Drosselklappenfuhlers  mit  vorbestimmtem 

Zeitabstand  und  Errechnen  einer  Drosselklappenoffnungs  -  Anderungsrate  ATH  der  Drosselklappe  auf  der 
Basis  des  Ausgangssignals  des  Drosselklappenfuhlers  unter  Bestimmung  eines  Beschleunigungszustands, 
wenn  die  errechnete  Drosselklappenoffnungs  -  Anderungsrate  positiv  ist. 

30  Zufuhren  einer  Grundkraftstoffmenge  (Tp)  zum  Motor  im  stationaren  Betriebszustand  desselben  und 
Zufuhren  einer  weiteren  Kraftstoffmenge  zusatzlich  zu  der  Grundkraftstoffmenge  in  einem 
Beschleunigungszustand,  wobei  die  zusatzliche  Kraftstoffmenge  einen  Grundwert  (T0)  hat,  der  nach 
Maftgabe  der  errechneten  Drosselklappenoffnungs  -  Anderungsrate  bestimmt  ist; 

Errechnen  eines  Kraftstoffmengen-Ausgleichsfaktors  (K,)  bei  dem  Beschleunigungszustand  auf  der 
35  Basis  des  momentanen  Werts  der  errechneten  Drosselklappenoffnungs  -  Anderungsrate  zur  Bestimmung 

des  Grundwerts  (T0)  der  zusatzlichen  Kraftstoffmenge  durch  Multiplikation  der  Grundkraftstoffmenge  (Tp) 
mit  (K-,),  so  daft  T^TpXK,;  und 

Modifizieren  des  Grundwerts  (T0)  der  zusatzlichen  Kraftstoffmenge  nach  Maftgabe  des 
Betriebszustands  des  Motors,  gekennzeichnet  durch  folgende  Schritte: 

40  Feststellen  eines  Niedrigdrehzahlzustands  aus  der  Motordrehzahl; 
Feststellen  des  gemeinsamen  Auftretens  sowohl  eines  Beschleunigungszustands  als  auch  eines 

Niedrigdrehzahlzustands,  wobei,  wenn  dieses  gemeinsame  Auftreten  festgestellt  ist,  der  Schritt  der 
Modifizierung  des  Grundwerts  (T0)  der  zusatzlichen  Kraftstoffmenge  umfaftt: 

45  —  Errechnen  eines  Modifizierungsfaktors  K,  dessen  Wert  von  dem  Wert  der  Niedrigdrehzahl  des 
Motors,  aufgrund  welcher  ein  Niedrigdrehzahlzustand  festgestellt  wurde,  abhangt,  so  daft  der 
Modifizierungsfaktor  K  mit  zunehmender  Niedrigdrehzahl  des  Motors  abnimmt,  und 

—  Bestimmen  der  modifizierten  Zusatzkraftstoffmenge  (T)  durch  Multiplikation  des  Grundwerts  (T„) 
der  zusatzlichen  Kraftstoffmenge  mit  dem  Modifizierungsfaktor  (K),  so  daft  T=T0xK. 

50 
3.  Steuerverfahren  nach  den  Anspriichen  1  oder  2,  dadurch  gekennzeichnet,  daft  die  zusatzliche 

Kraftstoffeinspritzung  jeweils  einmal  fur  jede  Beschleunigung  durchgefiihrt  wird,  wenn  die 
Drosselklappenoffnungs  -  Anderungsrate  grofter  als  Null,  aber  kleiner  als  ein  vorbestimmter  Wert  ist. 

55  Revendications 

1.  Procede  pour  commander  des  moteurs  a  combustion  interne  comportant:  des  moyens 
d'actionnement  commandant  des  fonctions  respectives  de  conversion  d'energie  dudit  moteur,  incluant  un 
injecteur  de  carburant  delivrant  du  carburant  audit  moteur,  et  des  moyens  de  detection  incluant  un 

60  detecteur  de  I'ouverture  du  papillon  des  gaz,  detectant  I'ouverture  du  papillon  des  gaz,  un  detecteur  de 
Tangle  du  vilebrequin  servant  a  determiner  la  vitesse  de  rotation  du  moteur,  un  detecteur  de  depression 
detectant  une  depression  dans  la  tubulure  d'admission  et  un  detecteur  de  la  temperature  de  I'eau  servant  a 
detecter  la  temperature  de  I'eau  de  refroidissement;  incluant  les  eta  pes  suivantes  consistant  a: 

extraire  successivement  des  signaux  de  sortie  dudit  detecteur  de  I'ouverture  du  papillon  des  gaz,  a  un 
55  intervalle  de  temps  predetermine,  et  calculer  un  taux  ATH  de  variation  de  I'ouverture  dudit  papillon  des  gaz 

18 
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sur  la  base  du  signal  de  sortie  dudit  detecteur  de  I'ouverture  du  papillon  des  gaz  de  maniere  a  determiner 
un  etat  d'acceleration  lorsque  la  taux  de  variation  de  I'ouverture  du  papillon  des  gaz  est  positif, 

envoyer  une  quantite  de  base  de  carburant  (Tp)  audit  moteur  dans  une  condition  de  fonctionnement 
stationnaire  de  ce  moteur  et  envoyer  une  quantite  additionnelle  de  carburant  en  plus  de  ladite  quantite  de 

5  base  de  carburant  dans  une  condition  d'acceleration,  ladite  quantite  additionnelle  de  carburant  possedant 
une  valeur  de  base  (T0)  determinee  conformement  au  taux  calcule  de  variation  de  I'ouverture  du  papillon 
des  gaz; 

calculer  un  facteur  (K,)  de  compensation  de  la  quantite  de  carburant  dans  la  condition  d'acceleration, 
sur  la  base  de  la  valeur  actuelle  du  taux  calcule  de  variation  de  I'ouverture  du  papillon  des  gaz  pour 

w  determiner  la  valeur  de  base  (T0)  de  la  quantite  additionnelle  de  carburant,  par  multiplication  de  la  quantite 
de  base  du  carburant  (Tp)  par  (K,)  conformement  a  T0=TpxK1;  et 

modifier  la  valeur  de  base  (T0)  de  la  quantite  additionnelle  de  carburant  conformement  a  la  condition 
de  fonctionnement  dudit  moteur,  caracterise  par  les  etapes  suivantes  consistant  a: 

determiner  un  etat  de  faible  charge  conformement  a  la  depression; 
75  determiner  I'apparition  conjointe  d'une  condition  d'acceleration  et  d'un  etat  de  faible  charge,  auquel 

cas,  si  cette  apparition  conjointe  a  ete  etablie,  I'etape  de  modification  de  la  valeur  de  base  (T0)  de  la  quantite 
additionnelle  de  carburant  inclut 

—  le  calcul  d'un  facteur  de  modification  K,  dont  la  valeur  depend  de  la  valeur  de  la  faible  charge 
20  conformement  a  laquelle  un  etat  de  faible  charge  a  ete  determine,  et/ou  de  la  temperature  de  I'eau 

de  refroidissement,  de  sorte  que  le  facteur  de  modification  K  diminue  lorsque  la  faible  charge 
augmente, 

—  la  determination  de  la  quantite  additionnelle  modifiee  de  carburant  (T)  par  multiplication  de  la 
valeur  de  base  (T0)  de  la  quantite  additionnelle  de  carburant  par  le  facteur  de  modification  (K) 

25  conformement  a  T=T0xK. 

2.  Procede  de  commande  pour  des  moteurs  a  combustion  interne  comportant  des  moyens 
d'actionnement  commandant  des  fonctions  respectives  de  conversion  d'energie  dudit  moteur,  incluant  un 
injecteur  de  carburant  delivrant  du  carburant  audit  moteur,  et  des  moyens  de  detection  incluant  un 

30  detecteur  de  I'ouverture  du  papillon  des  gaz,  detectant  I'ouverture  du  papillon  des  "gaz,  un  detecteur  de 
Tangle  du  vilebrequin  servant  a  determiner  la  vitesse  de  rotation  du  moteur,  un  detecteur  de  depression 
detectant  une  depression  dans  la  tubulure  d'admission  et  un  detecteur  de  la  temperature  de  I'eau,  servant  a 
detecter  la  temperature  de  Teau  de  refroidissement;  incluant  les  etapes  suivantes  consistant  a: 

extraire  successivement  des  signaux  de  sortie  dudit  detecteur  de  I'ouverture  du  papillon  des  gaz,  a  un 
35  intervalle  de  temps  predetermine,  et  calculer  un  taux  ATH  de  variation  de  I'ouverture  dudit  papillon  des  gaz 

sur  la  base  du  signal  de  sortie  dudit  detecteur  de  I'ouverture  du  papillon  des  gaz  de  maniere  a  determiner 
un  etat  d'acceleration  lorsque  la  taux  de  variation  de  I'ouverture  du  papillon  des  gaz  est  positif, 

envoyer  une  quantite  de  base  de  carburant  (Tp)  audit  moteur  dans  une  condition  de  fonctionnement 
stationnaire  de  ce  moteur  et  envoyer  une  quantite  additionnelle  de  carburant  en  plus  de  ladite  quantite  de 

40  base  de  carburant  dans  une  condition  d'acceleration,  ladite  quantite  additionnelle  de  carburant  possedant 
une  une  valeur  de  base  (T0)  determinee  conformement  au  taux  calcule  de  variation  de  I'ouverture  du 
papillon  des  gaz; 

calculer  un  facteur  (K,)  de  compensation  de  la  quantite  de  carburant  dans  la  condition  d'acceleration, 
sur  la  base  de  la  valeur  actuelle  du  taux  calcule  de  variation  de  I'ouverture  du  papillon  des  gaz  pour 

45  determiner  la  valeur  de  base  (T0)  de  la  quantite  additionnelle  de  carburant,  par  multiplication  de  la  quantite 
de  base  du  carburant  (Tp)  par  (K,)  conformement  a  T0=TpxK1;  et 

modifier  la  valeur  de  base  (T0)  de  la  quantite  additionnelle  de  carburant  conformement  a  la  condition 
de  fonctionnement  dudit  moteur,  caracterise  par  les  etapes  suivantes  consistant  a: 

determiner  un  etat  de  faible  vitesse  du  moteur  a  partir  de  la  vitesse  de  rotation  de  ce  dernier; 
so  determiner  I'apparition  conjointe  a  la  fois  d'une  condition  d'acceleration  et  d'une  faible  vitesse  du 

moteur,  auquel  cas,  si  cette  apparition  conjointe  a  ete  etablie,  Tetape  de  modification  de  la  valeur  de  base 
(T0)  de  la  quantite  additionnelle  de  carburant  inclut 

—  le  calcul  d'un  facteur  de  modification  K,  dont  la  valeur  depend  de  la  valeur  de  la  faible  vitesse  du 
55  moteur,  conformement  a  laquelle  un  etat  de  faible  vitesse  du  moteur  a  ete  etabli,  de  sorte  que  le 

facteur  de  modification  K  diminue  lorsque  la  faible  vitesse  du  moteur  augmente,  et 
—  la  determination  de  la  quantite  additionnelle  modifiee  de  carburant  (T)  par  multiplication  de  la 

valeur  de  base  (T0)  de  la  quantite  additionnelle  de  carburant  par  le  facteur  de  modification  (K) 
conformement  a  T=T0xK. 

60 
3.  Procede  de  commande  selon  les  revendications  1  ou  2,  caracterise  en  ce  que  ladite  injection  de 

carburant  additionnel  est  executee  une  fois  pour  une  acceleration  lorsque  le  taux  de  variation  de 
I'ouverture  du  papillon  des  gaz  est  superieur  a  zero,  mais  inferieur  a  une  valeur  predeterminee. 

65 
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