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©  Fuel  injection  control  apparatus  for  internal  combustion  engine. 

  A  fuel  injection  control  apparatus  for  an  internal  com- 
bustion  engine  for  supplying  an  additional  amount  of  fuel  in 
addition  to  a  basic  amount  of  fuel  when  an  acceleration 
condition  is  detected  in  accordance  with  a  throttle  opening 
change  rate. 

The  apparatus  calculates  a  compensation  factor  of 
amount  of  fuel  in  acceleration  on  the  basis  of  the  present 
value  of  the  calculated  throttle  opening  change  rate  and 
modifies  the  compensation  factor  in  accordance  with  the 
operating  condition  of  the  engine  to  thereby  determine  the 
amount  of  additional  fuel  on  the  basis  of  the  modified 
compensation  factor. 



CROSS  REFERENCE  OF  RELATED  APPLICATIONS 

T h i s   a p p l i c a t i o n   r e l a t e s   to  t he   s u b j e c t   m a t t e r  

of  a  c o p e n d i n g   U . S .   A p p l i c a t i o n   S e r i a l   No.  4 7 1 4 3 5   f i l e d  

on  March  2,  1 9 8 3 .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  f u e l  

c o n t r o l   a p p a r a t u s   e m p l o y i n g   a  m i c r o c o m p u t e r ,   and ,   m o r e  

p a r t i c u l a r l y ,   to  a  f u e l   i n j e c t i o n   a p p a r a t u s   in  w h i c h  

a d d i t i o n a l   f u e l   f o r   a c c e l e r a t i o n   c o m p e n s a t i o n   i s  

i n j e c t e d   in  a c c o r d a n c e   w i t h   the  s t a t e   of  a c c e l e r a t i o n  

d e t e c t e d   on  the   b a s i s   of  the   o p e n i n g   of  a  t h r o t t l e  

v a l v e .  

R e c e n t l y ,   g e n e r a l   c o n t r o l   f o r   an  e n g i n e   i s  

p e r f o r m e d   by  u s i n g   a  m i c r o c o m p u t e r   f o r   t he   p u r p o s e   o f  

i m p r o v e m e n t   in  e n g i n e   c o n t r o l   p e r f o r m e n c e .  

V a r i o u s   f u n c t i o n s   a re   r e q u i r e d   f o r   t he   e n g i n e  

c o n t r o l   d e p e n d i n g   on  the   k ind   or  t y p e / u s e   of  c a r ,   a n d ,  

t h e r e f o r e ,   in  t h e   e n g i n e   c o n t r o l   s y s t e m   u t i l i z i n g   a  

m i c r o c o m p u t e r ,   a  g e n e r a l   p u r p o s e   s o f t w a r e ,   t h a t   is  a  

s o f t w a r e   in  w h i c h   c o r r e c t i o n ,   m o d i f i c a t i o n   or  a d d i t i o n  

can  be  e f f e c t e d   o n t o   the   v a r i o u s   c o n t r o l   f u n c t i o n s  

d e p e n d i n g   on  the   k i n d / u s e   of  c a r ,   is  r e q u i r e d   in  v i e w  

of  i m p r o v e m e n t   in  c o s t   a n d / o r   in  c o n t r o l l a b i l i t y .  

C o n v e n t i o n a l l y ,   the   amount   of  s u c t i o n   a i r   i n  

an  e n g i n e   has  b e e n   i n d i r e c t l y   d e t e c t e d   on  the   b a s i s   o f  



t he   p r e s s u r e   in  a  s u c t i o n   m a n i f o l d ,   or  t he   t o t a l   a m o u n t  

of  s u c h t i o n   a i r   p e r   s u c t i o n   s t r o k e   nas  been   o b t a i n e d   b y  

d i r e c t l y   d e t e c t i n g   the   a i r   f l o w   r a t e .   In  t he   f o r m e r ,  

s i n c e   i t   is  a  i n d i r e c t   m e t h o d ,   t h e r e   is  a  d i s a d v a n t a g e  

t h a t   t h e   a c c u r a c y   is  p o o r ,   t he   v a r i a t i o n s   a n d / o r  

d e t e r i o r a t i o n   in  p e r f o r m e n c e   of  e n g i n e   may  a f f e c t   t h e  

d e t e c t i o n ,   and  the   r e s p o n s i b i l i t y   is  no t   so  g o o d .   T h e  

l a t t e r   m e t h o d   a l s o   has   a  d i s a d v a n t a g e   t h a t   a  f l o w   r a t e  

s e n s o r   h a v i n g   h i g h   a c c u r a c y   ( e r r o r :   w i t h i n   +  1%  of  r e a d  

v a l u e )   and  a  wide   d y n a m i c   r a n g e   ( 1 : 5 0 )   i s   r e q u i r e d ,  

r e s u l t i n g   in  i n c r e a s e   in  c o s t .   I t   is  p r e f e r a b l e   to  u s e  

a  s o - c a l l e d   h o t - w i r e   t y p e   f l o w   r a t e   s e n s o r   ( h e r e i n a f t e r  

r e f e r r e d   to  as  a  h o t - w i r e   s e n s o r )   as  t he   f l o w   r a t e   s e n -  

s o r ,   b e c u a s e   the   h o t - w i r e   s e n s o r   has  a  c h a r a c t e r i s t i c  

a l l o w i n g   a  wide  d y n a m i c   r a n g e   and  r e d u c t i o n   in  c o s t   c a n  

be  e x p e c t e d .  

H o w e v e r ,   the   s u c t i o n   a i r   f l o w   r a t e   in  e n g i n e  

is   n o t   c o n s t a n t   bu t   has   p u l s a t i o n s ,   so  t h a t   t h e   o u t p u t  

s i g n a l   f r o m   a  f l o w   r a t e   s e n s o r   has   a  n o n - l i n e a r  

c h a r a c t r i s t i c   w i t h   r e s p e c t   to  the   s u c t i o n   a i r   f l o w ,   i t  

b e c o m e s   n e c e s s a r y   to  o b t a i n   the   a i r   f l o w   r a t e   in  s u c -  

t i o n   s t r o k e   in  t he   form  of  i n t e g r a t i o n   of  i n s t a n t a n e o u s  

a i r   f l o w   r a t e s ,   and  c o m p l e x   o p e r a t i o n s   a r e   r e q u i r e d   f o r  

t h e   i n t e g r a t i o n .   T h a t   i s ,  t h e   h o t - w i r e   o u t p u t   v o l t a g e s  

v  shown  in  F i g .   1  can  be  o b t a i n e d   a c c o r d i n g   to  t h e  

f o l l o w i n g   e q u a t i o n   ( 1 )  :  



w h e r e   qA  r e p r e s e n t s   t he   mass   f l ow  r a t e   and  C1,  C2 

r e p r e s e n t   c o n s t a n t s   d e t e r m i n e d   by  the   s h a p e   of  i n t a k e  

m a n i f o l d   e t c .   T h i s   e q u a t i o n   (1)  can  be  c h a n g e d   i n t o   t h e  

f o l l o w i n g   e q u a t i o n   ( 2 )  :  

A s s u m i n g   now  t h a t   v  =  vo  when  the   r o t a t i o n a l   number   o f  

e n g i n e   N  =  0  and  the   mass   f l o w   r a t e   qA  =  0,  t he   e q u a t i o n  

(2)  is  e x p r e s s e d   as  f o l l o w s :  

T h u s ,   the   f o l l o w i n g   e q u a t i o n s   (4)  and  (5)  a r e   d e r i v e d  

f rom  the   e q u a t i o n s   (2)  and  (3)  and  an  i n s t a n t a n e o u s  

v a l u e   of  mass  f l o w   r a t e   qA  can  be  o b t a i n e d   f rom  t h e  

e q u a t i o n   ( 5 ) .  

T h u s ,   t he   a v e r a g e   or  mean  a i r   f l ow  r a t e   in  one  s u c t i o n  

s t r o k e   QA  can  be  e x p r e s s e d   as  f o l l o w s :  



w h e r e   A6  r e p r e s e n t s   a  c r a n k   a n g l e   b e t w e e n   two  a d j a c e n t  

s a m p l i n g   p o i n t s   of  q A .  

F u r t h e r ,   t he   a m o u n t   of  f u e l   i n j e c t i o n   QF  f o r  

one  s u c t i o n   s t r o k e   can   be  e x p r e s s e d   by  t h e   f o l l o w i n g  

e q u a t i o n   ( 7 )  :  

w h e r e   N  r e p r e s e n t s   t he   n u m b e r   of  e n g i n e   r e v o l u t i o n   a n d  k  

a  c o n s t a n t .   T h i s   m e a n s   t h a t   t he   a m o u n t   of  f u e l   i n j e c -  

t i o n   QF  f o r   one  s t r o k e   can  be  d e t e r m i n e d   on  t h e   b a s i s   o f  

t h e   o b t a i n e d   v a l u e   of  QA  and  the   n u m b e r   of  e n g i n e   r e v o -  

l u t i o n   N. 

A l t h o u g h   the   b a s i c   f u e l   i n j e c t i o n   a m o u n t   QF 

can  be  o b t a i n e d   in  s u c h   a  m a n n e r   as  d e s c r i b e d   a b o v e ,  

a c c e l e r a t i o n   can  no t   be  s m o o t h l y   e f f e c t e d   by  u s i n g   o n l y  

t h e   t h u s   o b t a i n e d   b a s i c   f u e l   i n j e c t i o n   a m o u n t   QF  w h e n  

a c c e l e r a t i o n   b e c o m e s   n e c e s s a r y ,   b e c a u s e   of  d e l a y   in  c o m -  

p u t a t i o n   of  the   v a l u e   QA,  e t c .   I t   has   b e e n   e f f e c t e d ,  

t h e r e f o r e ,   to  c o m p e n s a t e   t he   b a s i c   f u e l   i n j e c t i o n   a m o u n t  

in  a c c o r d a n c e   w i t h   t he   d e t e c t i o n   of  t he   s t a t e   of  a c c e -  

l e r a t i o n   on  the   b a s i s   of  the   c h a n g e   in  t h e   t a k e - i n  



a m o u n t   of  QA.  H o w e v e r ,   the   s u c t i o n   a i r   f low  r a t e   QA 

has  p u l s a t i o n s   as  d e s c r i b e d   a b o v e   and  an  e r r o r   may  o c c u r  

in  d e t e c t i o n   of  t he   s t a t e   of  a c c e l e r a t i o n .   T h i s   a p p l i e s  

to  the   c a s e   of  d e c e l e r a t i n g   o p e r a t i o n .   T h e r e f o r e ,   t h e  

s t a t e   of  a c c e l e r a t i o n   or  d e c e l e r a t i o n   is  d e t e c t e d   o n  

the   b a s i s   of  t he   d e t e c t i o n   of  t he   o p e n i n g   of  t h e  

t h r o t t l e   v a l v e .   T h a t   i s ,   t he   t h r o t t l e   o p e n i n g   TH  i s  

s a m p l e d   a t   a  p r e d e t e r m i n e d   r e g u l a r   i n t e r v a l   of  t i m e ,   f o r  

e x a m p l e   e v e r y   10  m s e c ,   (by  i n t e r v a l   i n t e r r u p t i o n )   s o  

t h a t   the   s a m p l i n g   v a l u e   TH  at   p r e s e n t   is  c o m p a r e d   e v e r y  

10  msec  w i t h   the   s a m p l i n g   v a l u e   TH(OLD)  s a m p l e d   b e f o r e  

30  msec  to  o b t a i n   t he   d i f f e r e n c e   ΔTH  t h e r e b e t w e e n   a n d  

j u d g e m e n t   is  made  such   t h a t   t h e   e n g i n e   is  in  t he   s t a t e  

of  a c c e l e r a t i o n   when  ATH >  0 .  

In  r e s p o n s e   to  the   d e t e c t i o n   of  t h i s   s t a t e   o f  

a c c e l e r a t i o n ,   a d d i t i o n a l   f u e l   f o r   the   c o m p e n s a t i o n   f o r  

a c c e l e r a t i o n   is  a d d i t i o n a l l y   i n j e c t e d .   Such  a  s y s t e m  

f o r   d e t e c t i n g  t h e   a c c e l e r a t i o n   and  i n j e c t i n g   the   a d d i -  

t i o n a l   f u e l   i s   shown  in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   N o .  

4 9 - 4 5 6 5 3   and  U . S . P .   No.  3 , 8 9 8 , 9 6 2 .  

In  c o n v e n t i o n a l   s y s t e m s ,   the   a d d i t i o n a l   f u e l  

i n j e c t i o n   has   been   p e r f o r m e d   a t   t he   t ime   of  a c c e l e r a t i o n  

in  a c c o r d a n c e   w i t h   the  p r e d e t e r m i n e d   c o n d i t i o n   of  t h e  

t h r o t t l e   o p e n i n g   c h a n g e   r a t e   r e g a r d l e s s   of  the   o p e r a t i n g  

c o n d i t i o n s   s u c h   as  the  e n g i n e   s p e e d   or  l o a d .  

The  d i s a d v a n t a g e   i s ,   h o w e v e r ,   t h a t   s i n c e   t h e  

i n t a k e   m a n i f o l d   is  s t i l l   d ry   a t   low  e n g i n e   s p e e d s   o r  



u n d e r - s m a l l   l o a d   c o n d i t i o n s ,   t he   a d d i t i o n a l   f u e l   i n j e c -  

t i o n   in  a c c e l e r a t i o n   d e t e r m i n e d   on  t h e   b a s i s   of  t h e  

t h r o t t l e   o p e n i n g   c h a n g e   r a t e   is  n o t   s u f f i c i e n t   f o r  

w e t t i n g   the   i n t a k e   m a n i f o l d ,   t h e r e b y   m a k i n g   i t   i m p o s s i b l e  

to  a c h e i v e   s u f f i c i e n t   a c c e l e r a t i o n .  

S p e c i f i c a l l y ,   s i n c e   the   b a s i c   a m o u n t   of  f u e l  

i n j e c t i o n   u n d e r   low  l o a d s   is  s m a l l e r   t h a n   t h a t   u n d e r  

h e a v y   l o a d s ,   i t   is  d i f f i c u l t   to  a c c e l e r a t e   the   c a r  

s u f f i c i e n t l y   when  t h e   l o a d   of  t he   e n g i n e   is  s m a l l   j u s t  

b e f o r e   a c c e l e r a t i o n .  

T h i s   is   b e c a u s e   when  the   l o a d   is  s m a l l   b e f o r e  

a c c e l e r a t i o n ,   t h e   i n t a k e   m a n i f o l d   is   n o t   s u f f i c i e n t l y  

w e t t e d   due  to  s m a l l   b a s i c   a m o u n t   of  f u e l   i n j e c t i o n ,  

so  t h a t   i t   t a k e s   s o m e t i m e   to  wet   t h e   i n t a k e   m a n i f o l d  

t h e r e b y   m a k i n g   t h e   f u e l   a i r   m i x t u r e   l e a n   a t   t h e  

b e g i n n i n g   of  a c c e l e r a t i o n .  

A l s o ,   s i n c e   t h e   b a s i c   a m o u n t   of  f u e l   i n j e c t i o n  

a t   low  e n g i n e   s p e e d   is  s m a l l e r   t h a n   t h a t   at   h i g h   e n g i n e  

s p e e d ,   i t   is  d i f f i c u l t   to  a c c e l e r a t e   t he   c a r   s u f f i c i e n t l y  

when  the   e n g i n e   s p e e d   is   low  j u s t   b e f o r e   a c c e l e r a t i o n .  

T h i s   is  b e c a u s e ,   a t   low  e n g i n e   s p e e d ,   t he   b a s i c   a m o u n t  

of  f u e l   i n j e c t i o n   is  so  s m a l l   t h a t   i t   t a k e s   some  t ime   t o  

wet   the   i n t a k e   m a n i f o l d   w e l l   t h e r e b y   m a k i n g   the   f u e l   a i r  

m i x t u r e   l e a n   a t   t he   b e g i n n i n g   of  a c c e l e r a t i o n .   T h i s   i s  

a l s o   the  c a s e   w i t h   t he   a c c e l e r a t i o n   f rom  an  i d l e   o r  

d e c e l e r a t i n g   s t a t e .  

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  the   p r e s e n t  



i n v e n t i o n   to  p r o v i d e   a  f u e l   i n j e c t i o n   c o n t r o l   a p p a r a t u s  

w h i c h   is  c a p a b l e   of  o p t i m u m l y   c o n t r o l l i n g   the   e n g i n e   a t  

the   t i m e   of  a c c e l e r a t i o n   r e g a r d l e s s   of  the   e n g i n e  

o p e r a t i n g   c o n d i t i o n s   j u s t   b e f o r e   a c c e l e r a t i o n .  

In  o r d e r   to  a c h i e v e   t h i s   o b j e c t ,   a c c o r d i n g   t o  

the   p r e s e n t   i n v e n t i o n ,   t he   a d d i t i o n a l   f u e l   i n j e c t i o n  

a m o u n t   in  a c c e l e r a t i o n   is  i n c r e a s e d   in  a c c o r d a n c e   w i t h  

the   e n g i n e   o p e r a t i n g   c o n d i t i o n s   j u s t   b e f o r e   a c c e l e r a t i o n .  

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n   w i l l   become  m o r e  

a p p a r e n t   f rom  the   f o l l o w i n g   d e s c r i p t i o n   t a k e n   in  c o n -  

j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  a  c h a r a c t e r i s t i c   d i a g r a m   of  t h e  

h o t - w i r e   s e n s o r   o u t p u t   v o l t a g e   w i t h   r e s p e c t   to  t he   c r a n k  

s h a f t   r o t a t i o n a l   a n g l e ;  

F i g .   2  is  a  s c h e m a t i c   d i a g r a m   of  the   c o n t r o l  

d e v i c e   f o r   t he   w h o l e   of  t he   e n g i n e   s y s t e m ;  

F i g .   3  is  a  d i a g r a m   f o r   e x p l a i n i n g   t h e  

i g n i t i o n   d e v i c e   in  F i g .   2 ;  

F i g .   4  is  a  d i a g r a m   f o r   e x p l a i n i n g   the   e x h a u s t  

gas   r e c i r c u l a t i o n   s y s t e m ;  

F i g .   5  is  a  b l o c k   d i a g r a m   g e n e r a l l y  

i l l u s t r a t i n g   the   e n g i n e   c o n t r o l   s y s t e m ;  

F i g .   6  is  a  b l o c k   d i a g r a m   i l l u s t r a t i n g   t h e  

b a s i c   c o n s t r u c t i o n   of  the   p r o g r a m   s y s t e m   fo r   the  e n g i n e  

c o n t r o l   p r o c e s s   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ;  

F i g .   7  is  a  d i a g r a m   s h o w i n g   a  t a b l e   of  t a s k  



c o n t r o l   b l o c k s   p r o v i d e d   in  RAM  c o n t r o l l e d   by  a  t a s k  

d i s p a t c h e r ;  

F i g .   8  is  a  d i a g r a m   s h o w i n g   a  s t a r t   a d d r e s s  

t a b l e   f o r   t h e   t a s k s   a c t u a t a b l e   by  v a r i o u s   i n t e r r u p t i o n s ;  

F i g s .   9  and  10  a r e   f l o w c h a r t s   f o r   t h e  

p r o c e s s e s   of  t he   t a s k   d i s p a t c h e r ;  

F i g .   11  is  a  f l o w c h a r t   f o r   e x e c u t i n g   a  m a c r o  

p r o c e s s i n g   p r o g r a m ;  

F i g .   12  is  a  d i a g r a m   s h o w i n g   an  e x a m p l e   o f  

t a s k   p r i o r i t y   c o n t r o l ;  

F i g .   13  is  a  d i a g r a m   s h o w i n g   t h e   t r a n s i t i o n   o f  

s t a t e  o f   t h e   t a s k   in  t he   a b o v e - m e n t i o n e d   t a s k   p r i o r i t y  

c o n t r o l ;  

F i g .   14  is  a  p a r t i c u l a r   f l o w c h a r t   in  F i g .   6 ;  

F i g .   15  is  a  d i a g r a m   s h o w i n g   t he   t i m i n g   f o r  

t a k i n g - i n   t h e   h o t - w i r e   o u t p u t   v o l t a g e ;  

F i g .   16  ( A )  -   (C)  is   a  d i a g r a m   s h o w i n g   t h e  

r e l a t i o n   b e t w e e n   t he   s u c t i o n   a i r   f l ow  r a t e   and  t h e  

i n j e c t i o n   t i m i n g   in  the   f u e l   i n j e c t i o n   s y s t e m   to  w h i c h  

the   p r e s e n t   i n v e n t i o n   is  a p p l i e d ;  

F i g .   17  is  a  f l o w c h a r t   f o r   p r o c e s s i n g  

i n t e r r u p t i o n s ;  

F i g .   18  is  a  d i a g r a m   s h o w i n g   t h e   a l t e r a t i o n  

of  an  a i r   f l o w   r a t e   r e f e r e n c e   v a l u e   w i t h   r e s p e c t   to  t h e  

t e m p e r a t u e   of  e n g i n e   c o o l i n g   w a t e r ;  

F i g .   19  is  a  f l o w c h a r t   s h o w i n g   the   p r o c e s s i n g  

of  f u e l   i n j e c t i o n   c o n t r o l   in  a c c e l e r a t i o n   a c c o r d i n g   t o  



an  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   20  (A)  -  (C)  is  t i m e   c h a r t s   s h o w i n g  

t h e   r e l a t i o n   b e t w e e n   t h r o t t l e   v a l v e   o p e n i n g ,   i n j e c t i o n  

p u l s e s   and  f u e l   a i r   m i x t u r e   a c c o r d i n g   to  t h e   e m b o d i m e n t  

of  F i g .   1 9 ;  

F i g .   21  is  a  f l o w c h a r t   s h o w i n g   a n o t h e r   e m b o d i -  

men t   of  the   p r e s e n t   i n v e n t i o n ;  

F i g .   22  is  a  t h r e e - d i m e n s i o n a l   map  s h o w i n g   t h e  

r e l a t i o n   b e t w e e n   t he   c o o l i n g   w a t e r   t e m p e r a t u r e ,   n e g a t i v e  

p r e s s u r e   and  c o m p e n s a t i o n   f a c t o r ;  

F i g .   23  is  a  f l o w c h a r t   s h o w i n g   s t i l l   a n o t h e r  

e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n ;  

F i g .   24  is  a  d i a g r a m   s h o w i n g   t he   r e l a t i o n  

b e t w e e n   e n g i n e   s p e e d   and  c o m p e n s a t i o n   f a c t o r ;  

F i g .   25  is  a  f l o w c h a r t   s h o w i n g   a  f u r t h e r  

e m b o d i m e n t   o f  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   26  (A) ,   (B) ,   ( C ) , ( D ) , ( E )   is  t ime  c h a r t s  

s h o w i n g   the   r e l a t i o n   b e t w e e n   the   t h r o t t l e   v a l v e   o p e n i n g ,  

i n j e c t i o n   p u l s e ,   a m o u n t   of  a d d i t i o n a l   i n j e c t i o n ,   f u e l  

a i r   m i x t u r e ,   e t c .   in  the   e m b o d i m e n t   of  F i g .   2 5 ;  

F i g .   27  is  a  f l o w c h a r t   s h o w i n g   s t i l l   a n o t h e r  

e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n ;  

F i g .   28  is  a  t ime   c h a r t   s h o w i n g   t he   r e l a i t o n  

b e t w e e n   the  t h r o t t l e   v a l v e   o p e n i n g   and  the   i n j e c t i o n  

p u l s e s   in  the   e m b o d i m e n t   of  F i g .   2 7 .  

F i g .   29  is  a  d i a g r a m   s h o w i n g   a  s o f t   t i m e r  

t a b l e   p r o v i d e d   in  RAM; 



F i g .   30  is  a  f l o w c h a r t   f o r   e x e c u t i n g   t h e  

p r o c e s s i n g   of  i n t e r v a l  ( I N T V )   i n t e r r u p t i o n ;  

F i g .   31  is  a  t i m e   c h a r t   s h o w i n g   v a r i o u s  

s t a t e s   of  s t a r t / s t o p p a g e   of  v a r i o u s   t a s k s   e f f e c t e d   i n  

a c c o r d a n c e   w i t h   t he   e n g i n e   s t a t e ;   a n d  

F i g .   32  is  a  b l o c k   d i a g r a m   of  t he   i n t e r r u p t i o n  

r e q u e s t   ( IRQ)  g e n e r a t i n g   c i r c u i t .  

R e f e r r i n g   to  t he   d r a w i n g s ,   p r e f e r r e d   e m b o d i -  

m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d  

h e r e u n d e r .  

In  F i g . 2 ,   a  c o n t r o l   a p p a r a t u s   f o r   the   w h o l e   o f  

an  e n g i n e   s y s t e m   is  i l l u s t r a t e d .   In  F i g . 2 ,   s u c t i o n   a i r  

is   s u p p l i e d   to  a  c y l i n d e r   8  t h r o u g h   an  a i r   c l e a n e r   2,  a  

t h r o t t l e   c h a m b e r   4,  and  a  s u c t i o n   p i p e   6.  A  gas   b u r n t  

in  t he   c y l i n d e r   8  is  d i s h c a r g e d   f r o m   t he   c y l i n d e r   8  t o  

the   a t o m o s p h e r   t h r o u g h   an  e x h a u s t   p i p e   10.  An  i n j e c t o r  

12  f o r   i n j e c t i n g   f u e l   is  p r o v i d e d   in  t he   t h r o t t l e  

c h a m b e r   4.  The  f u e l   i n j e c t e d   f rom  t he   i n j e c t o r   12  i s  

a t o m i z e d   in  an  a i r   p a t h   of  t h e   t h r o t t l e   c h a m b e r   4  a n d  

m i x e d   w i t h   t h e   s u c t i o n   a i r   to  f o r m   a  f u e l - a i r   m i x t u r e  

w h i c h   is  in  t u r n   s u p p l i e d   to   a  c o m b u s t i o n   c h a m b e r   of  t h e  

c y l i n d e r   8  t h r o u g h   the  s u c t i o n   p i p e   6  when  a  s u c t i o n  

v a l v e   20  is  o p e n e d .  

T h r o t t l e   v a l v e s   14  and  16  a r e   p r o v i d e d   in  t h e  

v i c i n i t y   of  t he   o u t p u t   of  t he   i n j e c t o r   12.  The  t h r o t t l e  

v a l v e   14  is   a r r a g n e d   so  as  to  m e c h a n i c a l l y _ i n t e r l o c k e d  

w i t h   an  a c c e l e r a t o r   p e d a l   ( n o t   shown)   so  as  to  be  d r i v e n  



by  the   d r i v e r .   The  t h r o t t l e   v a l v e   16  is  a r r a n g e d   to  b e  

a r i v e n  b y   a  d i a p h r a g m   18  s u c h   t h a t   i t   b e c o m e s   i t s   f u l l y  

c l o s e   s t a t e   in  a  r a n g e   whe re   t he   a i r   f l o w   r a t e   is  s m a l l ,  

and  as  t he   a i r   f l o w   r a t e   i n c r e a s e s   t he   n e g a t i v e   p r e s s u r e  

a p p l i e d   to  t he   d i a p h r a g m   18  a l s o   i n c r e a s e s   so  t h a t   t h e  

t h r o t t l e   v a l v e   16  b e g i n s   to  o p e n ,   t h e r e b y   s u p p r e s s i n g  

t h e   i n c r e a s e   of  s u c t i o n   r e s i s t a n c e .  

An  a i r   p a t h   22  is  p r o v i d e d   a t   t he   u p p e r   s t r e a m  

of  the   t h r o t t l e   v a l v e s   14  and  16  of  t he   t h r o t t l e   c h a m b e r  

4  and  an  e l e c t r i c a l   h e a t e r   24  c o n s t i t u t i n g   a  t h e r m a l   a i r  

f l o w   r a t e   m e t e r   is  p r o v i d e d   in  t h e   a i r   p a t h   22  so  a s  t o  

d e r i v e   f rom  the   h e a t e r   24  and  e l e c t r i c   s i g n a l   w h i c h  

c h a n g e s   in  a c c o r d a n c e   w i t h   t he   a i r   f l o w   v e l o c i t y   w h i c h  

is  d e t e r m i n e d   by  the   r e l a t i o n   b e t w e e n   the   a i r   f l o w  

v e l o c i t y   and  t he   amoun t   of  h e a t   t r a n s m i s s i o n   of  t h e  

h e a t e r   24.  B e i n g   p r o v i d e d   in  t he   a i r   p a t h   22,  t h e  

h e a t e r   24  is  p r o t e c t e d   from  the   h i g h   t e m p e r a t u r e   g a s  

g e n e r a t e d   in  t he   p e r i o d   of  back   f i r e   of  the   c y l i n d e r   8 

as  w e l l   as  f rom  the   p o l l u t i o n   by  d u s t   or  the   l i k e   in  t h e  

s u c t i o n   a i r .   The  o u t l e t   of  t he   a i r   p a t h   22  is  o p e n e d   i n  

the   v i c i n i t y   of  the   n a r r o w e s t   p o r t i o n   of  the  v e n t u r i   a n d  

t he   i n l e t   of  t he   same  is  o p e n e d   a t   t he   u p p e r   s t r e a m   o f  

the   v e n t u r i .  

T h r o t t l e   o p e n i n g ' s e n s o r s   ( n o t   shown  in  F i g . 3  

bu t   g e n e r a l l y   r e p r e s e n t e d   by  a  t h r o t t l e   o p e n i n g   s e n s o r  

116  in  F i g . 5 )   a re   r e s p e c t i v e l y   p r o v i d e d   in  the   t h r o t t l e  

v a l v e s   14  and  16  fo r   d e t e c t i n g   t he   o p e n i n g   t h e r e o f   a n d  



t he   d e t e c t i o n   s i g n a l s   f rom  t h e s e   t h r o t t l e   o p e n i n g   s e n -  

s o r s ,   t h a t   is  t he   s e n s o r   116 ,   a r e   t a k e n   i n t o   a  

m u l t i p l e x e r   120  of  a  f i r s t   a n a l o g - t o - d i g i t a l   c o n v e r t e r  

as  shown  in  F i g . 5 .  

The  f u e l   to  be  s u p p l i e d   to   t h e   i n j e c t o r   12  i s  

f i r s t   s u p p l i e d   to   a  f u e l   p r e s s u r e   r e g u l a t o r   38  f rom  a  

f u e l   t a n k   30  t h r o u g h   a  f u e l   pump  32,   a  f u e l   d a m p e r   3 4 ,  

and  a  f i l t e r   36.  P r e s s u r i z e d   f u e l   i s   s u p p l i e d   f rom  t h e  

f u e l   p r e s s u r e   r e g u l a t o r   38  to  t he   i n j e c t o r   12  t h r o u g h   a  

p i p e   40  on  one  hand   and  f u e l   is   r e t u r n e d   on  t he   o t h e r  

hand   f rom  t he   f u e l   p r e s s u r e   r e g u l a t o r   38  to  t he   f u e l  

t a n k   30  t h r o u g h   a  r e t u r n   p i p e   42  so  as  to  m a i n t a i n  

c o n s t a n t   t he   d i f f e r e n c e   b e t w e e n   t h e   p r e s s u r e   in  the   s u c -  

t i o n   p i p e   6  i n t o   w h i c h   f u e l   is   i n j e c t e d   f rom  t he   i n j e c -  

t o r   12  and  t he   p r e s s u r e   of  t he   f u e l   s u p p l i e d   to  t h e  

i n j e c t o r   1 2 .  

The  f u l e - a i r   m i x t u r e   s u c k e d   t h r o u g h   t h e  

s u c t i o n   v a l v e   20  is   c o m p r e s s e d   by  a  p i s t o n   50,  b u r n t   b y  

a  s p a r k   p r o d u c e d   by  an  i g n i t i o n   p l u g   52,  and  the   c o m -  

b u s t i o n   is  c o n v e r t e d   i n t o   k i n e t i c   e n e r g y .   The  c y l i n d e r  

8  is   c o o l e d   by  c o o l i n g   w a t e r   54,   t h e   t e m p e r a t u r e   of  t h e  

c o o l i n g   w a t e r   is  m e a s u r e d   by  a  w a t e r   t e m p e r a t u r e   s e n s o r  

56,   and  the   m e a s u r e d   v a l u e   is  u t i l i z e d   as  an  e n g i n e   t e m -  

p e r a t u r e .   A  h i g h   v o l t a g e   i s   a p p l i e d   f rom  an  i g n i t i o n  

c o i l   58  to  the   i g n i t i o n   p l u g   52  in  a g r e e m e n t   w i t h   t h e  

i g n i t i o n   t i m i n g .  

A  c r a n k   a n g l e   s e n s o r   ( n o t   shown)   f o r   p r o d u c i n g  



a  r e f e r e n c e   a n g l e   s i g n a l   a t   a  r e g u l a r   i n t e r v a l   of  p r e d e -  

t e r m i n e 7 u   c r a n k   a n g l e s   ( f o r   e x a m p l e   180  d e g r e e s )   and  a  

p o s i t i o n   s i g n a l   a t   a  r e g u l a r   i n t e r v a l   of  a  p r e d e t e r m i n e d  

u n i t   c r a n k   a n g l e   ( f o r   e x a m p l e   0.5  d e g r e e s )   in  a c c o r d a n c e  

w i t h   the   r o t a t i o n   of  e n g i n e ,   is  p r o v i d e d   on  a  n o t - s h o w n  

c r a n k   s h a f t .  

The  o u t p u t   of  t he   c r a n k   a n g l e   s e n s o r ,   the   o u t -  

p u t   56A  of  the  w a t e r   t e m p e r a t u r e   s e n s o r   56,  and  t h e  

e l e c t r i c a l   s i g n a l   f rom  the   h e a t e r   24  a r e   i n p u t t e d   i n t o   a  

c o n t r o l   c i r c u i t   64  c o n s t i t u t e d   by  a  m i c r o c o m p u t e r   or  t h e  

l i k e   so  t h a t   t h e   i n j e c t o r   12  and  the   i g n i t i o n   c o i l   58 

a r e   d r i v e n   by  t he   o u t p u t   of  t h i s   c o n t r o l   c i r c u i t   6 4 .  

In  t he   e n g i n e   s y s t e m   c o n t r o l l e d   by  t h e  

a r r a n g e m e n t   as  d e s c r i b e d   a b o v e ,   a  b y p a s s   26  b y p a s s i n g  

the   t h r o t t l e   v a l v e   16  to  c o m m u n i c a t e   w i t h   t he   s u c t i o n  

p i p e   6  is  p r o v i d e d   and  a  b y p a s s   v a l v e   62  is  p r o v i d e d   i n  

t he   b y p a s s   26.  A  c o n t r o l   s i g n a l   is  i n p u t t e d   to  a  d r i v e  

s e c t i o n   of  the   b y p a s s   v a l v e   62  f rom  t h e   c o n t r o l   c i r c u i t  

64  to  c o n t r o l   t h e  o p e n i n g   of  the  b y p a s s   v a l v e   6 2 .  

Tha t   i s ,   the   o p e n i n g   of  t he   b y p a s s   v a l v e   62  i s  

c o n t r o l l e d   by  a  p u l s e   c u r r e n t   such   t h a t   t he   c r o s s -  

s e c t i o n a l   a r e a   of  t he   b y p a s s   26  is  c h a n g e d   by  the   a m o u n t  

of  l i f t   of  v a l v e   w h i c h   is  in  t u r n   c o n t r o l l e d   by  a  d r i v e  

s y s t e m   d r i v e n   by  t he   o u t p u t   of  the   c o n t r o l   c i r c u i t   6 4 .  

T h a t   i s ,   the  c o n t r o l   c i r c u i t   64  p r o d u c e s   an  o p e n / c l o s e  

p e r i o d   s i g n a l   f o r   c o n t r o l l i n g   the  d r i v e   s y s t e m   so  t h a t  

the   d r i v e   s y s t e m   r e s p o n d s   to  t h i s   o p e n / c l o s e   p e r i o d  



s i g n a l   to  a p p l y   a  c o n t r o l   s i g n a l   f o r   c o n t r o l l i n g   t h e  

a m o u n t   of  l i f t   of  the   b y p a s s   v a l v e   62  to  the   d r i v e   s e c -  

t i o n   of  t h e   b y p a s s   v a l v e   6 2 .  

In  F i g . 3 ,   w h i c h   is   an  e x p l a n a t o r y   d i a g r a m   o f  

the   i g n i t i o n   d e v i c e   of  F i g . 2 ,   a  p u l s e   c u r r e n t   i s  

s u p p l i e d   to   a  p o w e r   t r a n s i s t o r   72  t h r o u g h   an  a m p l i f i e r  

68  to  e n e r g i z e   t h i s   t r a n s i s t o r   72  so  t h a t   a  p r i m a r y   c o i l  

p u l s e   c u r r e n t   f l o w s   i n t o   an  i g n i t i o n   c o i l   58  f rom  a  b a t -  

t e r y   66.   At  t h e   t r a i l i n g   e d g e   of  t h i s   p u l s e   c u r r e n t ,  

t he   t r a n s i s t o r   74  is  t u r n e d   o f f   so  as  to  g e n e r a t e   a  h i g h  

v o l t a g e   a t   t h e   s e c o n d a r y   c o i l   of  t he   i g n i t i o n   c o i l   5 8 .  

T h i s   h i g h   v o l t a g e   i s   d i s t r i b u t e d   t h r o u g h   a  

d i s t r i b u t o r   70  to  i g n i t i o n   p l u g s   52  p r o v i d e d   a t   t h e  

r e s p e c t i v e   c y l i n d e r s   in  t he   e n g i n e ,   in  s y n c h r o n i s m   w i t h  

the   r o t a t i o n   of  the   e n g i n e .  

In  F i g . 4 ,   w h i c h   is   an  e x p l a n a t o r y   d i a g r a m   o f  

an  e x h a u s t   gas   r e f l u x   ( h e r e i n a f t e r   a b b r e v i a t e d   as  EGR) 

s y s t e m ,   a  p r e d e t e r m i n e d   n e g a t i v e   p r e s s u r e   of  a  n e g a t i v e  

p r e s s u r e   s o u r c e   80  is  a p p l i e d   to  an  EGR  c o n t r o l   v a l v e   86  

t h r o u g h   a  p r e s s u r e   c o n t r o l   v a l v e   84.  The  p r e s s u r e  

c o n t r o l   v a l v e   84  c o n t r o l s   t h e   r a t i o   w i t h   w h i c h   the   p r e -  

d e t e r m i n e d   n e g a t i v e   p r e s s u r e   of  the   n e g a t i v e   p r e s s u r e  

s o u r c e   is   r e l e a s e d   to  the   a t o m o s p h e r e   88,  in  r e s p o n s e   t o  

t he   ON  d u t y   f a c t o r   of  the   r e p e t i t i v e   p u l s e   a p p l i e d   to  a 

t r a n s i s t o r   90,   so  as  to  c o n t r o l   t he   s t a t e   of  a p p l i c a t i o n  

of  t h e   n e g a t i v e   p r e s s u r e   p u l s e   to  t he   EGR  c o n t r o l   v a l v e  

86.  A c c o r d i n g l y ,   the   n e g a t i v e   p r e s s u r e   a p p l i e d   to  t h e  



EGR  c o n t r o l   v a l v e   86  is  d e t e r m i n e d   by  the   ON  d u t y   f a c t o r  

of  t h e   t r a n s i s t o r   90  pe r   s e .   The  amoun t   of  EGR  f rom  t h e  

e x h a u s t   p i p e   10  to  the   s u c t i o n   p i p e   6  is  c o n t r o l l e d   b y  

t he   c o n t r o l l e d   n e g a t i v e   p r e s s u r e   of  the   p r e s s u r e   c o n t r o l  

v a l v e   8 4 .  

F i g . 5   is  a  d i a g r a m   s h o w i n g   the   w h o l e   c o n -  

f i g u r a t i o n   of  t he   c o n t r o l   s y s t e m   w h i c h   is  c o n s t i t u t e d   b y  

a  c e n t r a l   p r o c e s s i n g   u n i t   ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

CPU)  1 0 2 ,   a  r e a d   o n l y   memory  ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

a  ROM)  1 0 4 ,   a  r andom  a c c e s s   memory  ( h e r e i n a f t e r   a b b r e -  

v i a t e d   as  RAM)  106,   and  an  i n p u t / o u t p u t   ( h e r e i n a f t e r  

a b b r e v i a t e d   as  I /O)   c i r c u i t   108 .   The  CPU  102  o p e r a t e s  

i n p u t   d a t e   f rom  the   I /O  c i r c u i t   108  in  a c c o r d a n c e   w i t h  

v a r i o u s   p r o g r a m s   s t o r e d   in  t h e   ROM  104  and  r e t u r n s   t h e  

r e s u l t   of  o p e r a t i o n   to  t he   I /O   c i r c u i t   108.  T e m p o r a r y  

d a t a   s t o r a g e   n e c e s s a r y   f o r   s u c h   an  o p e r a t i o n   is  p e r -  

f o r m e d   by  u s i n g   the   RAM  106 .   E x c h a n g e   of  v a r i o u s   d a t a  

among  the   CPU  102 ,   the   ROM  104 ,   t h e   RAM  106,   and  the   I / O  

c i r c u i t   108  is   p e r f o r m e d   t h r o u g h   a  bus  l i n e   110  c o n s t i -  

t u t e d   by  a  d a t a   bus ,   a  c o n t r o l   b u s ,   and  an  a d d r e s s   b u s .  

The  I /O  c i r c u i t   108  i n c l u d e s   i n p u t   m e a n s   s u c h  

as  t he   a b o v e - m e n t i o n e d   f i r s t   a n a l o g - t o - d i g i t a l   c o n v e r t e r  

( h e r e i n a f t e r   a b b r e v i a t e d   as  ADC1),   a  s e c o n d   a n a l o g - t o -  

d i g i t a l   c o n v e r t e r   ( h e r e i n a f t e r   a b b r e v i a t e d   as  ADC2),   a n  

a n g u l a r   s i g n a l   p r o c e s s i n g   c i r c u i t   126 ,   and  a  d i s c r e t e  

I /O  c i r c u i t   ( h e r e i n a f t e r   a b b r e v i a t e d   as  DIO)  f o r  

i n p u t t i n g / o u t p u t t i n g   one  b i t   i n f o r m a t i o n .  



In  t h e   ADC1,  t he   r e s p e c t i v e   o u t p u t   s i g n a l s   o f  

a  b a t t e r y   v o l t a g e   s e n s o r   ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

VBS)  132 ,   t he   a b o v e - m e n t i o n e d   c o o l i n g   w a t e r   t e m p e r a t u r e  

s e n s o r   ( h e r e i n a f t e r   a b b r e v i a t e d   as  TWS)  56 ,   an  a t o -  

m o s p h e r e   t e m p e r a t u r e   s e n s o r   ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

TAS)  112 ,   a  r e g u l a t i o n   v o l t a g e   g e n e r a t o r   ( h e r e i n a f t e r  

a b b r e v i a t e d   as  VRS)  1 1 4 ,   t he   a b o v e - m e n t i o n e d   t h r o t t l e  

o p e n i n g   s e n s o r   ( h e r e i n a f t e r   r e f e r r e d   to  as  @THS)  1 1 6 ,  

and  a  X  s e n s o r   ( h e r e i n a f t e r   a b b r e v i a t e d   as  XS)  a r e  

a p p l i e d   to  t he   a b o v e - m e n t i o n e d   m u l t i p l e x e r   1 2 0  

( h e r e i n a f t e r   a b b r e v i a t e d   as  MPX)  120  w h i c h   s e l e c t s   o n e  

of  t he   r e s p e c t i v e   i n p u t   s i g n a l s   a n d  i n p u t s   the   s e l e c t e d  

s i g n a l   to  an  a n a l o g - t o - d i g i t a l   c o n v e r t e r   c i r c u i t  

( h e r e i n a f t e r   a b b r e v i a t e d   as  ADC)  122.   The  d i g i t a l   v a l u e  

of  t he   o u t p u t   of  t he   ADC  122  is  s t o r e d   in  a  r e g i s t e r  

( h e r e i n a f t e r   a b b r e v i a t e d   as  REG)  1 2 4 .  

An  o u t p u t   s i g n a l   of  an  a i r   f l o w   r a t e   s e n s o r  

( h e r e i n a f t e r   a b b r e v i a t e d   as  AFS)  24  is  i n p u t t e d   to  t h e  

ADC2  in  w h i c h   t he   s i g n a l   is   A/D  c o n v e r t e d   in  an  ADC  1 2 8  

and  s e t   in  a  REG  1 3 0 .  

An  a n g l e   s e n s o r   ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

ANGS)  146  p r o d u c e s   a  r e f e r e n c e   s i g n a l   r e p r e s e n t i n g   a  

r e f e r e n c e   c r a n k   a n g l e   ( h e r e i n a f t e r   a b b r e v i a t e d   as  R E F ) ,  

f o r   e x a m p l e   as  a  s i g n a l   g e n e r a t e d   a t   an  i n t e r v a l   of  1 8 0  

d e g r e e s   of  c r a n k   a n g l e ,   and  a  p o s i t i o n   s i g n a l   r e p r e -  

s e n t i n g   a  s m a l l   c r a n k   a n g l e   ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

POS) ,   f o r   e x a m p l e   1  ( o n e )   d e g r e e .   The  REF  and  POS  a r e  



a p p l i e d   to  t he   a n g u l a r   s i g n a l   p r o c e s s i n g   c i r c u i t   126  t o  

be  w a v e f o r m - s h a p e d   t h e r e i n .  

The  r e s p e c t i v e   o u t p u t   s i g n a l s   of  an  i d l e  

s w i t c h   148  ( h e r e i n a f t e r   a b b r e v i a t e d   as  IDLE-SW)  148 ,   a  

t o p   g e a r   s w i t c h   ( h e r e i n a f t e r   a b b r e v i a t e d   as  TOP-SW)  1 5 0 ,  

and  a  s t a r t e r   s w i t c h   152  ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

START-SW)  a r e   i n p u t t e d   i n t o   the  D I O .  

N e x t ,   a  c i r c u i t   f o r   o u t p u t t i n g   p u l s e s   i n  

a c c o r d a n c e   w i t h   the   r e s u l t   of  o p e r a t i o n   of  t he   CPU  1 0 2  

and  an  o b j e c t   to  be  c o n t r o l l e d   w i l l   be  d e s c r i b e d  

h e r e u n d e r .   An  i n j e c t o r   c i r c u i t   ( h e r e i n a f t e r   a b b r e v i a t e d  

as  INJC)  134  is  p r o v i d e d   f o r   c o n v e r t i n g   t h e   d i g i t a l  

v a l u e   of  t he   r e s u l t   of  o p e r a t i o n   i n t o   a  p u l s e   o u t p u t .  

A c c o r d i n g l y ,   a  p u l s e   h a v i n g   a  p u l s e   w i d t h   c o r r e s p o n d i n g  

to  t he   a m o u n t   of  f u e l   i n j e c t i o n   is   g e n e r a t e d   in  the   I N J C  

134  and  a p p l i e d   to  t he   i n j e c t o r   12  t h r o u g h   an  AND  g a t e  

1 3 6 .  

An  i g n i t i o n   p u l s e   g e n e r a t i n g   c i r c u i t  

( h e r e i n a f t e r   a b b r e v i a t e d   as  IGNC)  138  i n c l u d e s   a  

r e g i s t e r   ( h e r e i n a f t e r   r e f e r r e d   to  as  ADV)  f o r   s e t t i n g  

i g n i t i o n   t i m i n g   and  a n o t h e r   r e g i s t e r   ( h e r e i n a f t e r  

r e f e r r e d   to  as  DWL)  f o r   s e t t i n g   i n i t i a t i n g   t i m i n g   of  t h e  

p r i m a r y   c u r r e n t   c o n d u c t i o n   of  the   i g n i t i o n   c o i l   58  a n d  

t h e s e   d a t a   a re   s e t   by  the   CPU  102.   The  i g n i t i o n   p u l s e  

g e n e r a t i n g   c i r c u i t   138  p r o d u c e s   a  p u l s e   on  t he   b a s i s   o f  

t h e   t h u s   s e t   d a t a  a n d   s u p p l i e s   t h i s   p u l s e   t h r o u g h   an  AND 

g a t e   140  to  the  a m p l i f i e r   68  d e s c r i b e d   in  d e t a i l   w i t h  



r e s p e c t   to  F i g . 3 .  

The  r a t e   of  o p e n i n g   of  t he   b y p a s s   v a l v e   62  i s  

c o n t r o l l e d   by  a  p u l s e   s u p p l i e d   t h e r e t o   by  a  c o n t r o l   c i r -  

c u i t   ( h e r e i n a f t e r   r e f e r r e d   to  as  ISCC)  142  t h r o u g h   a n  

AND  g a t e   144 .   The  ISCC  142  has   a  r e g i s t e r   ISCD  f o r  

s e t t i n g   a  p u l s e   w i d t h   and  a n o t h e r   r e g i s t e r   ISCP  f o r  

s e t t i n g   a  r e p e t i t i v e   p u l s e   p e r i o d .  

An  EGR  a m o u n t   c o n t r o l l i n g   p u l s e   g e n e r a t i n g  

c i r c u i t   ( h e r e i n a f t e r   a b b r e v i a t e d   as  EGRC)  180  f o r  

c o n t r o l l i n g   t h e   t r a n s i s t o r   90  w h i c h   c o n t r o l s   the   EGR 

c o n t r o l   v a l v e   86  as  shown  in  F i g . 4 ,   has   a  r e g i s t e r   EGRD 

f o r   s e t t i n g   a  v a l u e   r e p r e s e n t i n g   t h e   d u t y   f a c t o r   of  t h e  

p u l s e   and  a n o t h e r   r e g i s t e r   EGRP  f o r   s e t t i n g   a  v a l u e  

r e p r e s e n t i n g   t h e   r e p e t i t i v e   p e r i o d   of  t he   p u l s e .   T h e  

o u t p u t   p u l s e   of  t he   EGRC  154  is  a p p l i e d   to  t he   t r a n -  

s i s t o r   90  t h r o u g h   an  AND  g a t e   1 5 6 .  

The  o n e - b i t   I /O   s i g n a l s   a r e   c o n t r o l l e d   by  t h e  

c i r c u i t   DIO.  The  I /O   s i g n a l s   i n c l u d e   t he   r e s p e c t i v e  

o u t p u t   s i g n a l s   of  t he   IDLE-SW  148 ,   t h e   TOP-SW  150  a n d  

t he   START-SW  152  as  i n p u t   s i g n a l s ,   and  i n c l u d e   a  p u l s e  

s i g n a l   f o r   c o n t r o l l i n g   the   f u e l   pump  32  as  an  o u t p u t  

s i g n a l .   The  DIO  i n c l u d e s   a  r e g i s t e r   DDR  f o r   d e t e r m i n i n g  

w h e t h e r   a  t e r m i n a l   be  u s e d   as  a  d a t a   i n p u t t i n g   one  or  a  

d a t a   o u t p u t t i n g   o n e ,   and  a n o t h e r   r e g i s t e r   DOUT  f o r  

l a t c h i n g   t he   o u t p u t   d a t a .  

A  r e g i s t e r   ( h e r e i n a f t e r   r e f e r r e d   to  as  MOD) 

160  is  p r o v i d e d   f o r   h o l d i n g   commands   i n s t r u c t i n g   v a r i o u s  



i n t e r n a l   s t a t e s   of  t he   I /O  c i r c u i t   108  and  a r r a n g e d   s u c h  

t h a t ,   f o r   e x a m p l e ,   a l l   the   AND  g a t e s   1 3 6 ,   140 ,   144 ,   a n d  

156  a re   t u r n e d   o n / o f f   by  s e t t i n g   a  command  i n t o   the   NOD 

160 .   The  s t o p p a g e / s t a r t   of  the   r e s p e c t i v e   o u t p u t s   o f  

the   INJC  134 ,   IGNC  138 ,   and  ISCC  142  can   be  t h u s  

c o n t r o l l e d   by  s e t t i n g   a  command  i n t o   t he   MOD  1 6 0 .  

F i g . 6   is   a  d i a g r a m   i l l u s t r a t i n g   a  b a s i c   c o n -  

f i g u r a t i o n   of  a  p r o g r a m   s y s t e m   of  t he   c o n t r o l   c i r c u i t   o f  

F i g . 6 .  

In  F i g . 6 ,   an  i n i t i a l   p r o c e s s i n g   p r o g r a m   2 0 2 ,  

an  i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m   206 ,   a  m a c r o   p r o -  

c e s s i n g   p r o g r a m   2 2 8 ,   and  a  t a s k   d i s p a t c h e r   208  a r e  

p r o g r a m s   f o r   c o n t r o l l i n g   v a r i o u s   t a s k s .   The  i n i t i a l  

p r o c e s s i n g   p r o g r a m   202  is  f o r   e x e c u t i n g   p r e p r o c e s s i n g  

f o r   c a u s i n g   a  m i c r o c o m p u t e r   to  o p e r a t e .   A c c o r d i n g   t o  

the   i n i t i a l   p r o c e s s i n g   p r o g r a m   202 ,   f o r   e x a m p l e ,   t h e  

c o n t e n t s   of  s t o r a g e   of  the   RAM  106  is  c l e a r e d ,   t h e  

i n i t i a l   v a l u e s   of  r e g i s t e r s   in  the   I / 0   i n t e r f a c e   c i r c u i t  

108  a r e   s e t ,   and  p r o c e s s i n g   f o r   t a k i n g - i n   d a t a ,   s u c h   a s  

the   c o o l i n g   w a t e r   t e m p e r a t u r e   Tw,  t he   b a t t e r y   v o l t a g e ,  

f o r   p e r f o r m i n g  t h e   p r e p r o c e s s i n g   n e c e s s a r y   f o r   p e r -  

f o r m i n g   the   e n g i n e   c o n t r o l   is  e x e c u t e d .   The  i n t e r r u p -  

t i o n   p r o c e s s i n g   p r o g r a m   206  r e c e i v e s   v a r i o u s   i n t e r r u p -  

t i o n s ,   a n a l y z e s   t he   f a c t o r s   of  the   i n t e r r u p t i o n s ,   a n d  

p r o d u c e s   a  r e q u e s t   f o r   c a u s i n g   a  d e s i r e d   one  of  t a s k s  

210  to  226  to  t he   t a s k   d i s p a t c h e r   208 .   The  i n t e r r u p t i o n  

f a c t o r s   i n c l u d e   an  A/D  c o n v e r s i o n   i n t e r r u p t i o n   (ADC) 



g e n e r a t e d   upon  the   c o m p l e t i o n   of  A/D  c o n v e r s i o n   of  t h e  

i n p u t   d a t a   s u c h   as  t he   p o w e r   s o u r c e   v o l t a g e ,   t he   c o o l i n g  

w a t e r   t e m p e r a t u r e   as  d e s c r i b e d   l a t e r ,   an  i n i t i a l  

i n t e r r u p t i o n   (INTL)  g e n e r a t e d   in  s y n c h r o n i s m   w i t h   t h e  

e n g i n e   r e v o l u t i o n ,   an  i n t e r v a l   i n t e r r u p t i o n   ( I N T V )  

g e n e r a t e d   a t   a  p r e d e t e r m i n e d   i n t e r v a l   of  t i m e ,   f o r  

e x a m p l e   e v e r y   10  m s e c ,   an  e n g i n e   s t o p p a g e   i n t e r r u p t i o n  

(ENST)  g e n e r a t e d   upon  the   d e t e c t i o n   of  t he   e n g i n e   s t o p -  

p a g e ,   or  t h e   l i k e .  

T a s k   n u m b e r s   r e p r e s e n t i n g   p r i o r i t y   a r e  

a l l o t t e d   to  t he   t a s k s   210  to  2 2 6 ,   and  the   r e s p e c t i v e  

t a s k s  b e l o n g   to  a n y  o n e   o f  t h e   t a s k   l e v e l s   " 0 " ,   " 1 " ,   a n d  

" 2 " .   T h a t   i s ,   t he   t a s k   Nos .   0  to  2  b e l o n g   to  t he   t a s k  

l e v e l   " 0 " ,   t he   t a s k   Nos.   3  to   5  b e l o n g   to  t h e   t a s k   l e v e l  

" 1 " ,   and  t h e   t a s k   Nos.   6  to  8  b e l o n g   to  t he   t a s k   l e v e l  

" 2 " .  

Upon  t he   r e c e p t i o n   of  the   a c t i v a t i o n   r e q u e s t s  

by  t h e   a b o v e - m e n t i o n e d   v a r i o u s   i n t e r r u p t i o n s ,   t he   t a s k  

d i s p a t c h e r   208  r e s p o n d s   to  t h e .  a c t i v a t i o n   r e q u e s t s   t o  

a l l o t   o c c u p a t i o n   t ime   o n t o   t h e   CPU  to  t he   r e s p e c t i v e  

t a s k s   in  a c c o r d a n c e   w i t h   t he   p r i o r i t y   r a n k   a t t a c h e d   t o  

t he   r e s p e c t i v e   t a s k s   c o r r e s p o n d i n g   to  the   a c t i v a t i o n  

r e q u e s t s .  

The  t a s k   p r i o r i t y   c o n t r o l   by  t he   t a s k  

d i s p a t c h e r   208  is  p e r f o r m e d   by  the   f o l l o w i n g   m e t h o d :  

(1)  The  t a s k   of  l o w  p r i o r i t y   r a n k   is   i n t e r r u p t e d  

and  t h e   d i s p l a c e m e n t   of  t he   r i g h t   of  e x e c u t i o n   to  t h e  



t a s k   of  h i g h e r   p r i o r i t y   rank  is   e f f e c t e d   b e t w e e n   d i f -  

f e r e n t   t a s k   l e v e l s .   I t   is  a s s u m e d   h e r e   t h a t   the   t a s k  

b e l o n g i n g   to   t h e   l e v e l   "0"  has  t he   h i g h e s t   p r i o r i t y  

r a n k ;  

(2)  In  t h e   c a s e   t h e r e   is  a  t a s k   w h i c h   is  e x e c u t i n g  

or  b e i n g   i n t e r r u p t e d   a t   p r e s e n t   in  t he   same  t a s k   l e v e l ,  

t he   t a s k   has   t h e   h i g h e s t   p r i o r i t y   r a n k   and  o t h e r   t a s k s  

can  not   be  o p e r a t e d   b e f o r e   the   t a s k   has   b e e n   c o m p l e t e d ;  

a n d  

(3)  In  t h e   c a s e   t h e r e   a re   a c t i v a t i o n   r e q u e s t s   f o r  

a  p l u r a l i t y   of  t a s k s   in  the  same  t a s k   l e v e l s ,   a  t a s k  

h a v i n g   a  s m a l l e r   t a s k   number   has   a  h i g h e r   p r i o r i t y   r a n k .  

In  o r d e r   to  p e r f o r m   the   a b o v e - m e n t i o n e d   p r i o r i t y  

c o n t r o l ,   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   a  s o f t  

t i m e r   is  p r o v i d e d   in  the  RAM  106  f o r   e a c h   t a s k   a n d  

c o n t r o l   b l o c k s   f o r   c o n t r o l l i n g   t a s k s   a r e   s e t   in  t he   RAM 

f o r   each   t a s k   l e v e l ,   w h i l e   the   c o n t e n t s   of  p r o c e s s i n g   o f  

t he   t a s k   d i s p a t c h e r   208  w i l l   be  d e s c r i b e d   l a t e r .   E v e r y  

t ime   e a c h   of  t h e   t a s k s   has  been   e x e c u t e d ,   t he   t a s k  

d i s p a t c h e r   208  is   i n f o r m e d   of  t he   c o m p l e t i o n   of  e x e c u -  

t i o n   of  t he   t a s k   by  the   macro   p r o c e s s i n g   p r o g r a m .  

R e f e r r i n g   to  F i g s . 7   to  13,   t h e   c o n t e n t s   o f  

p r o c e s s i n g   of  t he   t a s k   d i s p a t c h e r   208  w i l l   be  d e s c r i b e d .  

F ig .  7   shows   t a s k   b l o c k s   o f ' t h e   same  n u m b e r   as  t h a t   o f  

the   t a s k   l e v e l s ,   t h a t   is  t h r e e   in  t h i s   e m b o d i m e n t   s i n c e  

t h e r e   a r e   t h r e e   t a s k   l e v e l s   "0"  to  " 2 " ,   a r e   p r o v i d e d   i n  

the   RAM  c o n t r o l l e d   by  the  d i s p a t c h e r   208 .   E i g h t   b i t s  



a r e   a l l o t t e d   to  e a c h   c o n t r o l   b l o c k .   T h r e e   of  t he   e i g h t  

b i t s ,   t h a t   is   0 - t h   to  2nd  b i t s   (QO -   Q2) ,   a r e   t he   a c t i -  

v a t i o n   b i t s   f o r   p e r f o r m i n g   a c t i v a t i o n   r e q u e s t   t a s k   i n d i -  

c a t i o n   and  the   7 - t h   b i t   (R)  is  u s e d   f o r   e x e c u t i o n   b i t  

f o r   i n d i c a t i n g   w h e t h e r   a n y  o n e   of  t h e   same  t a s k   l e v e l   i s  

b e i n g   e x e c u t e d   or   b e i n g   i n t e r r u p t e d .   The  a c t i v a t i o n  

b i t s   Q o  -   Q2  a r e   a r r a n g e d   in  t he   o r d e r   of  d e c r e a s i n g   t h e  

p r i o r i t y   r a n k .   For   e x a m p l e ,   t he   a c t i v a t i o n   b i t  

c o r r e s p o n d i n g   to  t h e   t a s k   No.4  in  F i g . 6   i s   QO  in  t h e  

t a s k   l e v e l   " 1 " .   When  a  t a s k   a c t i v a t i o n   r e q u e s t   i s  

i s s u e d ,   a  f l a g   "1"  i s   s e t   to  a n y  o n e   of  t he   a c t i v a t i o n  

b i t s ,   and  a t   t he   same  t i m e   the   t a s k   d i s p a t c h e r   208  

s e a r c h e s   f o r   t h e   i s s u e d   a c t i v a t i o n   r e q u e s t   in  t he   a c t i -  

v a t i o n   b i t s   in  t h e   o r d e r   f rom  the   a c t i v a t i o n   b i t  

c o r r e s p o n d i n g   to  t he   t a s k   of  h i g h e r   l e v e l   so  t h a t   t h e  

f l a g   c o r r e s p o n d i n g   to  t he   i s s u e d   a c t i v a t i o n   r e q u e s t   i s  

r e s e t   and  f l a g   "1"  is   s e t   to  the   e x e c u t i o n   b i t   t o  

t h e r e b y   e x e c u t e   t he   p r o c e s s i n g   f o r   a c t i v a t i n g   the   t a s k  

c o r r e s p o n d i n g   t h e r e t o .  

F i g . 8   s h o w s   an  a c t i v a t i o n   a d d r e s s   t a b l e   p r o -  

v i d e d   in  t he   RAM  106  c o n t r o l l e d   by  t he   t a s k   d i s p a t c h e r  

208 .   SAO  to  SA8  r e p r e s e n t   the   a c t i v a t i o n   a d d r e s s e s  

c o r r e s p o n d   to  t he   t a s k   N o s . 0   to  8  of  t he   t a s k s   210  t o  

226  as  shown  in  F i g . 6 .   S i x t e e n   b i t s   a r e   a l l o t t e d   t o  

e a c h   a c t i v a t i o n   a d d r e s s   i n f o r m a t i o n   w h i c h   is  u s e d   f o r  

t h e   t a s k   d i s p a t c h e r   208 ,   as  d e s c r i b e d   l a t e r ,   to  a c t i v a t e  

t h e   t a s k   c o r r e s p o n d i n g   to  the   i s s u e d   a c t i v a t i o n   r e q u e s t .  



F i g s .   9  and  10  show  f l o w c h a r t s   f o r   t he   p r o -  

c e s s i n g   p e r f o r m e d   by  the   t a s k   d i s p a t c h e r   208.   Upon  t h e  

i n i t i a t i o n   of  t he   p r o c e s s i n g   by  t h e   t a s k   d i s p a t c h e r   2 0 8  

in  a  s t e p   300  in  F i g .  9  ,   j u d g e m e n t   is  made  as  to  w h e t h e r  

t h e   t a s k s   b e l o n g i n g   to  t he   t a s k   l e v e l   t a r e   b e i n g   e x e -  

c u t e d   or  i n t e r r u p t e d   in  a  s t e p   302 .   T h a t   i s ,   i f   f l a g  

"1"  is   d e t e c t e d   in  t he   e x e c u t i o n   b i t ,   the   f l a g   "1"  i n d i -  

c a t e s   t he   s t a t e   t h a t   t he   m a c r o   p r o c e s s i n g   p r o g r a m   2 2 8  

d o e s   no t   y e t   i s s u e   the   t a s k   c o m p l e t i o n   i n f o r m a t i o n   t o  

t h e   t a s k   d i s p a t c h e r   208  and  t h e   t a s k   w h i c h   had  been   e x e -  

c u t e d   is   b e i n g   i n t e r r u p t e d   b e c a u s e   i n t e r r u p t i o n   o f  

h i g h e r   p r i o r i t y   r ank   has   been   g e n e r a t e d .   A c c o r d i n g l y ,  

i f   f l a g   "1"  is  d e t e c t e d   in  t he   e x e c u t i o n   b i t ,   t he   p r o -  

c e s s i n g   is   j u m p e d   to  a  s t e p   314  in  w h i c h   the   i n t e r r u p t e d  

t a s k   is  r e a c t i v a t e d .  

In  the   c a s e   no  f l a g   "1"  is   d e t e c t e d   in  t h e  

e x e c u t i o n   b i t ,   on  the   c o n t r a r y ,   t h a t   is   when  t h e  

e x e c u t i o n   i n d i c a t i o n   f l a g   is   r e s e t ,   t he   p r o c e s s i n g   i s  

s h i f t e d   to  the   s t e p  3 0 4   in  w h i c h   j u d g e m e n t   is  made  as  t o  

w h e t h e r   t h e r e   is  any  t a s k   w a i t i n g   f o r   a c t i v a t i o n   in  t h e  

l e v e l   1.  T h a t   i s ,   the   a c t i v a t i o n   b i t s   in  the   l e v e l   l  

a r e   s e a r c h e d   f o r   in  the   o r d e r   of  d e c r e a s i n g   the   p r i o r i t y  

r a n k   of  t he   t a s k s   c o r r e s p o n d i n g   to  t he   a c t i v a t i o n   b i t s ,  

t h a t   is  in  t he   o r d e r   of  Q0,  Q1  and  Q2.  I f   no  f l a g   " 1 "  

is   d e t e c t e d   in  a n y  o n e   of  the   a c t i v a t i o n   b i t s   b e l o n g i n g  

to  the   l e v e l  t ,   the  p r o c e s s i n g   comes   to  a  s t e p   306  i n  

w h i c h   the   t a s k   l e v e l   is  a l t e r e d .   T h a t   i s ,   the   t a s k  



l e v e l   1  i s   i n c r e m e n t e d   by  +1  so  as  to  be  l+1,   U p o n  

t h e   a l t e r a t i o n   of  the   t a s k   l e v e l   in  t he   s t e p   3 0 6 ,   t h e  

p r o c e s s i n g   comes   to  a  s t e p   308  in  w h i c h   j u d g e m e n t   i s  

made  as  to  w h e t h e r   a l l   t h e   t a s k   l e v e l s   have   b e e n  

c h e c k e d .   In  t he   c a s e   w h e r e   a l l   t h e   t a s k   l e v e l s   h a v e  

b e e n   n o t   y e t   c h e c k e d ,   t h a t   i s ,   when  l≠2  in  t h i s   e m b o d i -  

m e n t ,   t he   p r o c e s s i n g   comes   b a c k   to   the   s t e p   302  and  t h e  

a b o v e - m e n t i o n e d   p r o c e s s i n g   i s   r e p e a t e d .   In  t h e   c a s e  

w h e r e   t he   r e s u l t   of  j u d g e m e n t   p r o v e s   t h a t   a l l   t h e   t a s k  

l e v e l s   have   b e e n   c h e c k e d   in  t h e   s t e p   308 ,   t he   p r o c e s s i n g  

comes   to  a  s t e p   310  in  w h i c h   i n h i b i t   to  i n t e r r u p t i o n   i s  

r e l e a s e d   b e c a u s e   i n t e r r u p t i o n   has   b e e n   i n h i b i t e d   d u r i n g  

t h e   p r o c e s s i n g   in  the   s t e p s   302  to  308 .   T h e r e a f t e r ,   i n  

t h e   n e x t   s t e p   312 ,   n e x t   i s s u e d   i n t e r r u p t i o n   i s   w a i t e d  

f o r .  

I f   t h e r e   is  a  t a s k   w a i t i n g   f o r   a c t i v a t i o n   i n  

t h e   l e v e l   1  in  t he   s t e p   304 ,   t h a t   is  i f   f l a g   "1"  i s  

d e t e c t e d   in  one  of  the   a c t i v a t i o n   b i t s   b e l o n g i n g   to  t h e  

t a s k   l e v e l  l ,   the   p r o c e s s i n g   comes   to  a  s t e p   400 .   I n  

t he   l o o p   c o n s t i t u t e d   by  t he   s t e p   400  and  t he   n e x t   s t e p  

4 0 2 ,   s e a r c h   is  made  as  to  w h i c h   one  of  the   a c t i v a t i o n  

b i t s   in  w h i c h   one  of  t h e   t a s k   l e v e l s   is  p r o v i d e d   w i t h  

f l a g   " 1 " ,   in  t he   o r d e r   of  d e c r e a s i n g   the   p r i o r i t y   r a n k  

of  t he   t a s k   l e v e l s ,   t h a t   is  in  t h e   o r d e r   of  Q0,  Q1,  a n d  

Q2.  When  t he   a c t i v a t i o n   b i t   p r o v i d e d   w i t h   f l a g   "1"  i s  

d e t e c t e d ,   t he   p r o c e s s i n g   comes   to  a  s t e p   404  in  w h i c h  

t h e   a c t i v a t i o n  b i t   p r o v i d e d   w i t h   f l a g   "1"  is  r e s e t   a n d  



f l a g   "1"  is  s e t   to  t he   e x e c u t i o n   b i t   ( h e r e i n a f t e r  

r e f e r r e d - t o   R)  of  t he   same  t a s k   l e v e l .   In  a  s t e p   4 0 6 ,  

t he   number   of  t he   a c t i v a t e d   t a s k   is  d e t e c t e d ,   and  in  a  

s t e p   408 ,   t h e   a c t i v a t i o n   a d d r e s s   i n f o r m a t i o n   as  to  t h e  

a c t i v a t e d   t a s k   i s   d e r i v e d   in  a c c o r d a n c e   w i t h   t he   a c t i v a -  

t i o n   a d d r e s s   t a b l e   p r o v i d e d   in  t he   RAM  as  shown  i n  

F i g . 8 .  

In  a  s t e p   4 1 0 ,   j u d g e m e n t   is  made  as  to  w h e t h e r  

t he   a c t i v a t e d   t a s k   be  e x e c u t e d   or  n o t .   In  t h i s   c a s e ,  

t he   n e c e s s i t y   of  t h e   e x e c u t i o n   is  j u d g e d   on  t he   b a s i s   o f  

t h e   v a l u e   of  t he   a c t i v a t i o n   a d d r e s s   i n f o r m a t i o n .   T h a t  

i s ,   when  t he   a c t i v a t i o n   a d d r e s s   i n f o r m a t i o n   has   a  s p e c i -  

f i c   v a l u e ,   f o r   e x a m p l e   " 0 " ,   t he   j u d g e m e n t   is  s u c h   t h a t  

t he   e x e c u t i o n   is   n o t   n e c e s s a r y .   I t   is  n e c e s s a r y   to  p r o -  

v i d e   t h i s   j u d g e m e n t   s t e p   in  o r d e r   to  c a u s e   a  c a r   to  h a v e  

a  f u n c t i o n   of  p e r f o r m i n g   o n l y   a  s p e c i f i c   one  of  the   t a s k  

f u n c t i o n s   f o r   p e r f o r m i n g   e n g i n e   c o n t r o l   s e l e c t e d  

d e p e n d i n g   on  t he   k i n d   of  the   c a r .   When  j u d g e m e n t   i s  

made  in  the   s t e p   410  s u c h   t h a t   the   e x e c u t i o n   of  the   s p e -  

c i f i c   t a s k   is  s t o p p e d ,   the   p r o c e s s i n g   comes   to  a  s t e p  

414  in  w h i c h   the   R - b i t   of  the   s p e c i f i c   t a s k   l e v e l  :   i s  

r e s e t .   t h e n ,   t he   p r o c e s s i n g   comes  back   to  the   s t e p   3 0 2  

in  w h i c h   j u d g e m e n t   is  made  as  to  w h e t h e r   the   t a s k   l e v e l  

1  is  b e i n g   i n t e r r u p t e d   or  n o t .   T h i s   is  b e c a u s e   t h e r e  

may  be  a  c a s e   w h e r e   a  p l u r a l i t y   of  a c t i v a t i o n   b i t s   a r e  

p r o v i d e d   w i t h   f l a g   " 1 " .  

In  the   c a s e   where   the   e x e c u t i o n   of  the   s p e c i -  



f i c   t a s k   is  no t   i n h i b i t e d ,   t h a t   is  when  t h e   s p e c i f i c  

t a s k   be  e x e c u t e d ,   t h e   p r o c e s s i n g   comes  to  a  s t e p   412  i n  

w h i c h   jump  is  made  to   t h e   s p e c i f i c   t a s k   so  as  to  e x e c u t e  

t h e   t a s k .  

F i g . 1 1   s h o w s   a  f l o w c h a r t   f o r   p r o c e s s i n g   t h e  

m a c r o   p r o c e s s i n g   p r o g r a m   228 .   T h i s   p r o g r a m   is   c o n s t i -  

t u t e d   by  s t e p s   562  and  564 .   In  t h e s e   s t e p s   562  and  5 6 4 ,  

t h e   t a s k   l e v e l s   a r e   s e a r c h e d   in  the   o r d e r   of  i n c r e a s i n g  

t h e   t a s k   l e v e l ,   t h a t   is   in  t h e   o r d e r   f r o m   t he   l e v e l   " 0 "  

so  as  to  f i n d   c o m p l e t e d   t a s k   l e v e l   or  l e v e l s .   Then  t h e  

p r o c e s s i n g   comes   to  a  s t e p   568  in  w h i c h   t h e   e x e c u t i o n  

(RUN)  f l a g   p r o v i d e d   in  t h e   7 t h   b i t   in  t h e   t a s k   c o n t r o l  

b l o c k   of  the   c o m p l e t e d   t a s k   is  r e s e t .   t h u s ,   the   e x e c u -  

t i o n   of  the   t a s k   has   b e e n   c o m p l e t e d .   T h e n ,   the   p r o -  

c e s s i n g   comes  back   to  t he   t a s k   d i s p a t c h e r   208  in  w h i c h  

t h e   n e x t   e x e c u t i o n   t a s k   is  d e t e r m i n e d .  

R e f e r r i n g   to  F i g . 1 2 ,   t he   e x e c u t i o n   a n d  

i n t e r r u p t i o n   of  t a s k   w i l l   be  e x p l a i n e d   as  to  the   c a s e  

w h e r e   t he   t a s k   p r i o r i t y   c o n t r o l   is  p e r f o r m e d   by  the   t a s k  

d i s p a t c h e r   208.   Assume   t h a t   in  the   a c t i v a t i o n   r e q u e s t  

N m n ,  m   r e p r e s e n t s   t h e   t a s k   l e v e l   a n d  n   r e p r e s e n t s   t h e  

r a n k   of  p r i o r i t y   in  t h e   t a s k   l e v e l   m,  and  t h a t   the   CPU 

is   e x e c u t i n g   the   c o n t r o l   p r o g r a m   OS.  T h e ,   when  an  a c t i -  

v a t i o n   r e q u e s t   N21  is   g e n e r a t e d   in  e x e c u t i n g   t h i s  

c o n t r o l   p r o g r a m   OS,  t he   e x e c u t i o n   of  t he   t a s k  

c o r r e s p o n d i n g   to  t he   a c t i v a t i o n   r e q u e s t   N21,   t h a t   is  t h e  

e x e c u t i o n   of  the   t a s k   N o . 6 ,   is  i n i t i a t e d   a t   the   t ime   T l .  



I f   a n o t h e r   a c t i v a t i o n   r e q u e s t   N01  f o r   t he   t a s k   h a v i n g   a  

h i g h e r   e x e c u t i o n   p r i o r i t y   r a n k   is  i s s u e d   a t   the   t i m e  

T2  in  e x e c u t i n g   t he   t a s k   N o . 6 ,   t he   e x e c u t i o n   is  s h i f t e d  

to   t he   c o n t r o l   p r o g r a m   OS  and  a f t e r   p r e d e t e r m i n e d   p r o -  

c e s s i n g   has   b e e n   p e r f o r m e d   as  a l r e a d y   d e s c r i b e d ,   t h e  

e x e c u t i o n   of  t h e   t a s k   c o r r e s p o n d i n g   to  t h e   a c t i v a t i o n  

r e q u e s t   NO1,  t h a t   is  the   e x e c u t i o n   of  t he   t a s k   N o . 0 ,   i s  

i n i t i a t e d   a t   t he   t ime   T3.  When  a  f u r t h e r   a c t i v a t i o n  

r e q u e s t   N11  is   i s s u e d   at   the   Time  T4  in  e x e c u t i n g   t h e  

t a s k   N o . 0 ,   t he   e x e c u t i o n   is  once   s h i f t e d   to   t he   c o n t r o l  

p r o g r a m   OS  and  a f t e r   a  p r e d e t e r m i n e d   p r o c e s s i n g   has   b e e n  

e x e c u t e d ,   t he   e x e c u t i o n   of  the   t a s k   No.0  w h i c h   has  b e e n  

so  f a r  i n t e r r u p t e d   is  r e s t a r t e d   a t   t h e   t i m e   T5.  When 

t h e   e x e c u t i o   of  t h e   t a s k   No.0  is  c o m p l e t e d   a t   t he   t i m e  

T6,  the   e x e c u t i o n   is  s h i f t e d   a g a i n   to   t he   c o n t r o l  

p r o g r a m   OS,  t he   c o m p l e t i o n   of  e x e c u t i o n   of  the   t a s k   N o . 0  

is  r e p o r t e d   by  t he   m a c r o   p r o c e s s i n g   p r o g r a m   228  to  t h e  

t a s k   d i s p a t c h e r   208 ,   and  t h e n   the   e x e c u t i o n   of  the   t a s k  

No.3  w h i c h   c o r r e s p o n d s   to  the   a c t i v a t i o n   r e q u e s t   N11  a n d  

w h i c h   has  b e e n   so  f a r   w a i t i n g   f o r   r e a c t i v a t i o n   is  i n i -  

t i a t e d   a t   t he   t i m e   T7.  When  an  a c t i v a t i o n   r e q u e s t   N12 

h a v i n g   a  l o w e r  p r i o r i t y   r ank   in  t he   same  t a s k   l e v e l   " 1 "  

is  i s s u e d   a t   t he   t ime   T8  in  e x e c u t i n g   the   t a s k   N o . 3 ,   t h e  

e x e c u t i n   of  t he   t a s k   No.3  is  once   i n t e r r u p t e d ,   the   e x e -  

c u t i o n   is  once   s h i f t e d   to  the   c o n t r o l   p r o g r a m   OS,  a n d  

a f t e r   a  p r e d e t e r m i n e d   p r o c e s s i n g   has   been   p e r f o r m e d ,   t h e  

e x e c u t i o n   of  t he   t a s k   No.3  is  r e s t a r t e d   a t   t he   t ime   T g .  



U p o n  t h e   c o m p l e t i o n   of  the   e x e c u t i o n   of  the   t a s k   No.3  a t  

t he   t i m e   T10 ,   t h e   e x e c u t i o n   of  t h e   CPU  is   s h i f t e d   to  t h e  

c o n t r o l   p r o g r a m   OS,  t he   c o m p l e t i o n   of  e x e c u t i o n   of  t h e  

t a s k   No.3  is   r e p o r t e d   by  the   m a c r o   p r o g r a m   228  to  t h e  

t a s k   d i s p a t c h e r   2 0 8 ,   t he   e x e c u t i o n   of  t he   t a s k   N o . 4  

c o r r e s p o n d i n g   to   t h e   a c t i v a t i o n   r e q u e s t   N12  of  l o w e r  

p r i o r i t y   r a n k   i s   i n i t i a t e d   a t   t h e   t i m e   T l l ,   the   e x e c u -  

t i o n   is  s h i f t e d   to  t h e   c o n t r o l   p r o g r a m   OS  upon  t h e  

c o m p l e t i o n   of  e x e c u t i o n   of  t he   t a s k   No.4  a t   t he   t i m e  

T12,   and  a f t e r   a  p r e d e t e r m i n e d   p r o c e s s i n g   has   been   p e r -  

f o r m e d   t he   e x e c u t i o n   of  the   t a s k   No.6   w h i c h   c o r r e s p o n d s  

to  t he   a c t i v a t i o n   r e q u e s t   N21  and  w h i c h   has   been   so  f a r  

i n t e r r u p t e d   i s   r e s t a r t e d   a t   t h e   t i m e   T 1 3 .  

The  t a s k   p r i o r i t y   c o n t r o l   is   p e r f o r m e d   in  t h e  

m a n n e r   as  d e s c r i b e d   a b o v e .  

The  s t a t e   of  t r a n s i t i o n   in  t h e   t a s k   p r i o r i t y  

c o n t r o l   is  i l l u s t r a t e d   in  F i g . 1 3   " I d l e "   r e p r e s e n t s   t h e  

s t a t e   in  w h i c h  a c t i v a t i o n   is  w a i t e d   f o r   and  no  t a s k  

a c t i v a t i o n   r e q u e s t   has   been   i s s u e d .   T h e n ,   i f   an  a c t i v a -  

t i n   r e q u e s t   is   i s s u e d ,   f l a g   "1"  is  s e t   to  the   a c t i v a t i o n  

b i t   of  the   t a s k   c o n t r o l   b l o c k   so  as  to  i n d i c a t e   t h e  

n e c e s s i t y   of  a c t i v a t i o n .   The  t i m e   r e q u i r e d   f o r   s h i f t i n g  

f rom  t he   s t a t e   " I d l e "   to  the   s t a t e   " Q u e u e "   is  d e t e r m i n e d  

by  the   l e v e l   of  t he   r e s p e c t i v e   t a s k .   In  t he   s t a t e  

" Q u e u e " ,   t he   o r d e r   of  e x e c u t i o n   is  d e t e r m i n e d   on  t h e  

b a s i s   of  t he   r a n k   of  p r i o r i t y .   The  s p e c i f i c   t a s k   i s  

b r o u g h t   i n t o   t h e   s t a t e   of  e x e c u t i o n   a f t e r   t he   f l a g   o f  



t he   a c t i v a t i o n   b i t   of  t he   t a s k   c o n t r o l   b l o c k   has  b e e n  

r e s e t   by  the   t a s k   d i s p a t c h e r   208  in  a c c o r d a n c e   w i t h   t h e  

c o n t r o l   p r o g r a m   OS  and  a  f l a g   "1"  has   been   s e t   to  the   R -  

b i t   ( 7 t h   b i t ) .   T h u s   t h e   e x e c u t i o n   of  t a s k   is  i n i t i a t e d .  

T h i s   is   the   s t a t e   " R u n " .   Upon  t he   c o m p l e t i o n   of  e x e c u -  

t i o n ,   t he   f l a g   of  t he   R - b i t   of  the   t a s k   c o n t r o l   b l o c k   i s  

c l e a r e d   and  the   c o m p l e t i o n   r e p o r t   is  t e r m i n a t e d .   T h u s ,  

t h e   s t a t e   "Run"  e n d s   and  the   s t a t e   " I d l e "   is  r e c o v e r e d  

to  w a i t   f o r   t he   i s s u a n c e   of  t he   n e x t   a c t i v a t i o n   r e q u e s t .  

I f   an  i n t e r r u p t i o n   r e q u e s t   IRQ  is  g e n e r a t e d   in  e x e c u t i n g  

a  t a s k ,   t h a t   is  in  t h e   s t a t e   " R u n " ,   t he   e x e c u t i o n   of  t h e  

t a s k   has   to  be  i n t e r r u p t e d .   For  t h i s ,   t he   c o n t e n t s   o f  

t h e   CPU  is  s h u n t e d   and  the   e x e c u t i o n   is   i n t e r r u p t e d .  

T h i s   s t a t e   is  " R e a d y " .   N e x t ,   when  t he   s t a t e   in  w h i c h  

the   t a s k   is  to  be  e x e c u t e d   is  r e c o v e r e d ,   t he   s h u n t e d  

c o n t e n t s   is  r e t u r n e d   back   to  the   CPU  and  e x e c u t i o n   i s  

r e s t a r t e d .   T h a t   i s ,   t he   s t a t e   "Run"  is   r e c o v e r e d   f r o m  

t h e   s t a t e   " R e a d y " .   T h u s ,   the   r e s p e c t i v e   l e v e l   p r o g r a m  

r e p e a t e s   the   f o u r   s t a t e s   of  F i g . 1 3 .   F i g . 1 3   shows  a 

t y p i c a l   f l o w .   H o w e v e r ,   t h e r e   may  be  a  c a s e   whe re   a  f l a g  

"1"  is   s e t   to  the   a c t i v a t i o n   b i t   of  t he   t a s k   c o n t r o l  

b l o c k   in  the  s t a t e   " R e a d y " .   T h i s   is  t he   c a s e ,   f o r  

e x a m p l e ,   in  the   s t a t e   of  i n t e r r u p t i o n   of  a c t i v a t i o n   of  a  

t a s k ,   the   n e x t   a c t i v a t i o n   r e q u e s t   t i m i n g   of  the   t a s k   i s  

r e a c h e d .   In  t h i s   c a s e   the   f l a g   in  t he   R - b i t   t a k e s   p r e -  

f e r e n c e   and  the   t a s k   w h i c h   is  b e i n g   i n t e r r u p t e d   is  t e r -  

m i n a t e d .   T h u s ,   t he   f l a g   in  the   R - b i t   is  c l e a r e d   and  t h e  



s t a t e   b e c o m e s   " Q u e n e "   b y p a s s i n g   t h e   s t a t e   " I d l e "   due  t o  

t h e   f l a g   in  t h e   a c t i v a t i o n   b i t .   T h u s ,   e a c h   of  t he   t a s k s  

N o s . 0   to  7  is   in  a n y  o n e   of  t he   f o u r   s t a t e s   of  F i g . 3 .  

F i g . 1 4   s h o w s   a  p a r t i c u l a r   e m b o d i m e n t   of  t h e  

p r o g r a m   s y s t e m   as  shown  in  F i g . 6 .   In  F i g . 1 4 ,   a  c o n t r o l  

p r o g r a m   OS  i n c l u d e s   an  i n i t i a l   p r o c e s s i n g   p r o g r a m   2 0 2 ,  

an  i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m   206 ,   a  t a s k  

d i s p a t c h e r   2 0 8 ,   and  a  m a c r o   p r o c e s s i n g   p r o g r a m   2 2 8 .  

The  i n t e r r u p t i o n   p r o g r a m   206  i n c l u d e s   v a r i o u s  

k i n d s   of  i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m s   in  w h i c h   a n  

i n i t i a l   i n t e r r u p t i o n   p r o c e s s i n g   ( h e r e i n a f t e r   r e f e r r e d  t o  

as  an  INTL  i n t e r r u p t i o n   p r o c e s s i n )   602  g e n e r a t e s   i n i t i a l  

i n t e r r u p t i o n s   in  t he   n u m b e r   of  h a l f   t he   n u m b e r   of  t h e  

e n g i n e   c y l i n d e r s   p e r   r e v o l u t i o n ,   f o r   e x a m p l e   t w i c e   p e r  

r e v o l u t i o n   in  t h e   c a s e   of  f o u r   c y l i n d e r s ,   due  to  an  i n i -  

t i a l   i n t e r r u p t i o n   s i g n a l   g e n e r a t e d   in  s y n c h r o n i s m   w i t h  

t h e   e n g i n e   r e v o l u t i o n .   The  d a t e   i n d i c a t i v e   of  the   f u e l  

i n j e c t i o n   t i m i n g   c o m p u t e d   by  an  EGI  t a s k   612  in  r e s p o n s e  

to  t h e   a b o v e - m e n t i o n e d   INTL  i n t e r r u p t i o n   is   s e t   in  a  

r e g i s t e r   INJD  in  t he   INJC  134  i n c l u d e d   in  t h e   I / 0   i n t e r -  

f a c e   c i r c u i t   108  ( F i g . 5 ) .   An  A/D  c o n v e r s i o n   i n t e r r u p -  

t i o n   p r o c e s s i n g   604  i n c l u d e s   two  k i n d s   of  i n t e r r u p t i o n ,  

t h a t   i s ,   an  ADC1  ( F i g . 5 )   i n t e r r u p t i o n   and  an  ADC2 

( F i g . 5 )   i n t e r r u p t i o n .   T h e  A D C l   ( F i g . 5 )   has   the   a c c u r a c y  

of  8  b i t s ,   and  i s   u s e d   f o r   i n p u t t i n g   d a t a   s u c h   as  t h e  

b a t t e r y   v o l t a g e ,   t he   c o o l i n g   w a t e r   t e m p e r t u r e ,   the   s u c -  

t i o n   a i r   t e m p e r a t u r e ,   the   r e g u l a t e d   v o l t a g e ,   e t c . ,  



a p p l i e d   t h e r e t o .   The  ADC1  s t a r t s   the   A/D  c o n v e r s i o n   a s  

s o o n   as  the   i n p u t   p o i n t   to  the   MPX  120  ( F i g . 5 )   i s  

a s s i g n e d ,   and  i s s u e s   t he   ADC1  i n t e r r u p t i o n   upon  t h e  

c o m p l e t i o n   of  the   A/D  c o n v e r s i o n .   The  ADC1  i n t e r r u p t i o n  

is   u s e d   o n l y   b e f o r e   c r a n k i n g .   The  ADC  128  in  t he   ADC2 

( F i g . 5 )   is  u s e d   f o r   i n p u t t i n g   the   d a t a   i n d i c a t i v e   of  t h e  

a i r   f l o w   r a t e   and  g e n e r a t e s   the   ADC2  i n t e r r u p t i o n   i m m e -  

d i a t e l y   a f t e r   the   A/D  c o n v e r s i o n .   The  ADC2  i n t e r r u p t i o n  

is   a l s o   u s e d   o n l y   b e f o r e   c r a n k i n g .  

In  an  i n t e r v a l   ( h e r e i n a f t e r   a b b r e v i a t e d   a s  

INTV)  i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m   606 ,   an  INTV 

i n t e r r u p t i o n   s i g n a l   is  g e n e r a t e d   a t   a  t i m e   i n t e r v a l   of  a  

p r e d e t e r m i n e d   t i m e   o f ,   f o r   e x a m p l e ,   10  msec   s e t   in  a n  

INTV  r e g i s t e r   ( n o t   shown)  and  is  u sed   as  a  b a s i c   s i g n a l  

f o r   m o n i t o r i n g   the   a c t i v a t i n g   t i m i n g   of  t a s k s   to  b e  

a c t i v a t e d   a t   a  p r e d e t e r m i n e d   i n t e r v a l   of  t i m e .   T h i s  

INTV  i n t e r r u p t i o n   s i g n a l   u p d a t e s   the   s o f t   t i m e r   t h e r e b y  

a c t i v a t i n g   the   mask  now  r e a d y   to  be  a c t i v a t e d .   In  a n  

e n g i n e   s t o p p a g e   t a s k   ( h e r e i n a f t e r   r e f e r r e d   to  as  an  ENST 

t a s k )   i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m   608  i s   f o r  

d e t e c t i n g   s t a t e   of  ENST  and  s t a r t s   c o u n t i n g   in  r e s p o n s e  

to  t he   d e t e c t i o n   of  an  INTL  i n t e r r u p t i o n   s i g n a l   so  as  t o  

i s s u e   an  ENST  i n t e r r u p t i o n   when  no  INTL  i n t e r r u p t i o n  

s i g n a l   can  not   be  d e t e c t e d - w i t h i n   a  p r e d e t e r m i n e d   p e r i o d  

of  t i m e   o f ,   f o r   e x a m p l e ,   1  s e c .   When  the   ENST  i n t e r r u p -  

t i o n   is  i s s u e d   t h r e e   t i m e s ,   t h a t   i s ,   when  no  INTL 

i n t e r r u p t i o n   can  be  d e t e c t e d   w i t h i n   a  p e r i o d   of  t ime   o f ,  



f o r  e x a m p l e ,   3  s e c ,   the   e n g i n e   i s   j u d g e d   as  h a v i n g  

s t o p p e d ,   and  e n e r g i z a t i o n   of  t h e   i g n i t i o n   c o i l   58  a n d  

o p e r a t i o n   of  t h e   f u e l   pump  32  a r e   c e a s e d .   A f t e r   e x e c u -  

t i o n   of  t h e s e   p r o c e s s i n g   s t e p s ,   t h e   m i c r o c o m p u t e r   s t a n d s  

by  u n t i l   t h e   START-SW  152  is  t u r n e d   on.   T a b l e   1  s h o w s  

t he   o u t l i n e   of   p r o c e s s i n g   e x e c u t e d   in  r e s p o n s e   to  t h e  

i n t e r r u p t i o n   s i g n a l s   d e s c r i b e d   a b o v e .  



As  to  the   INTL  p r o c e s s i n g   p r o g r a m   202  and  t h e  

m a c r o   p r o c e s s i n g   p r o g r a m   228,   t he   p r o c e s s i n g   s t e p s   a r e  

p e r f o r m e d   in  t he   m a n n e r   as  d e s c r i b e d   a b o v e .  

The  f o l l o w i n g   t a s k s   a r e   a c t i v a t e d   in  r e s p o n s e  

to  the   v a r i o u s   i n t e r r u p t i o n s   as  d e s c r i b e d   a b o v e .   T a s k s  

b e l o n g i n g   to  t he   t a s k   l e v e l   "0"  i n c l u d e   a  f u e l   c u t t i n g  

p r o c e s s i n g   t a s k   ( h e r e i n a f t e r   r e f e r r e d   to  as  an  AC  t a s k ) ,  

a  f u e l   i n j e c t i o n   c o n t r o l   t a s k   ( h e r e i n a f t e r   r e f e r r e d   t o  

as  an  EGI  t a s k ) ,   and  a  s t a r t i n g   t i m i n g   m o n i t o r i n g   t a s k  

( h e r e i n a f t e r   r e f e r r e d   to  as  an  MONIT  t a s k ) .   T a s k s  

b e l o n g i n g   to  the   t a s k   l e v e l   "1"  i n c l u d e   an  AD1  i n p u t  

t a s k   ( h e r e i n a f t e r   r e f e r r e d   to  as  an  ADIN1  t a s k )   and  a  

t i m e   c o e f f i c i e n t   p r o c e s s i n g   t a s k   ( h e r e i n a f t e r   r e f e r r e d  



to  as  an  AFCIA  t a s k ) .   T a s k s   b e l o n g i n g   to  the   t a s k  

l e v e l   "2"  i n c l u d e   an  i d l i n g   r o t a t i o n   c o n t r o l   t a s k  

( h e r e i n a f t e r   r e f e r r e d   to  as  an  ISC  t a s k ) ,   a  c o m p e n s a t i o n  

c o m p u t a t i o n   t a s k   ( h e r e i n a f t e r   r e f e r r e d   to  as  an  HOSEI 

t a s k ) ,   and  a  p r e - s t a r t i n g   p r o c e s s i n g   t a s k   ( h e r e i n a f t e r  

r e f e r r e d   to  as  an  ISTRT  t a s k ) .  

T a b l e   2  shows   the   a l l o c a t i o n   of  the   t a s k  

l e v e l s   and  t h e   f u n c t i o n s   of  t he   i n d i v i d u a l   t a s k s .  



As  w i l l   be  a p p a r e n t   f rom  T a b l e   2,  t he   a c t i v a -  

t i o n   p e r i o d s   of  the   i n d i v i d u a l   t a s k s   a c t i v a t e d   i n  

r e s p o n s e   to  the   v a r i o u s   i n t e r r u p t i o n s   a re   p r e v i o u s l y  

d e t e r m i n e d ,   and  t h i s   i n f o r m a t i o n   is  s t o r e d   in  t he   ROM 

1 0 4 .  

D i s c r i p t i o n   w i l l  n o w   be  d i r e c t e d   as  to  t h e  

p r o c e s s i n g   of  the   o u t p u t   s i g n a l   f rom  the  h o t - w i r e   t y p e  

f l o w   r a t e   s e n s o r   and  the   f u e l   i n j e c t i o n   c o n t r o l .   F i g . 1 5  

shows  the   m a n n e r   of  p r o c e s s i n g   of  the   o u t p u t   s i g n a l   f r o m  



t he   h o t - w i r e   t y p e   f l o w   r a t e   s e n s o r   e m p l o y e d   in  t he   p r e -  

s e n t - i n v e n t i o n .   The  i n s t a n t a n e o u s   a i r   f l o w   r a t e   qA  c a n  

be  c o m p u t e d   f rom  the  h o t - w i r e   s e n s o r   o u t p u t   v o l t a g e  v  

f rom  the   e q u a t i o n   ( 5 ) .   S i n c e   t h e   i n s t a n t a n e o u s   a i r   f l o w  

r a t e   qA  is   an  i n s t a n t a n e o u s   v a l u e   in  the  p u l s a t i n g  

s t a t e   as  shown  in  F i g . 1 5 ,   i t   is  s a m p l e d   a t   a  p r e d e t e r -  

m i n e d   t i m e   i n t e r v a l   Δt.  The  mean  a i r   f low  r a t e   QA  c a n  

be  c o m p u t e d   f rom  the  r e s p e c t i v e   s a m p l e d   v a l u e s   of  t h e  

i n s t a n t a n e o u s   a i r   f low  r a t e   QA  a c c o r d i n g   to  t h e  

f o l l o w i n g   e q u a t i o n :  

Thus , -   the   a i r   f l o w   r a t e   s u c k e d   i n t o   t h e  
n 

c y l i n d e r   can  be  o b t a i n e d   as  Σ  qAn  f rom  the   e q u a t i o n   ( 8 ) .  
n = l  

T h u s ,   t he   i n t e g r a t e d   a i r   f l o w   r a t e   can  b e  o b t a i n e d   b y  

t h e   a b o v e - m e n t i o n e d   s i g n a l   p r o c e s s i n g .  

The  c o n t r o l   of  f u e l   i n j e c t i o n   w i l l   be  n e x t  

d e s c r i b e d .   A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t he   f u e l  

i n j e c t i o n   may  be  p e r f o r m e d   in  s u c h   a  m a n n e r   t h a t   t h e  

a m o u n t   of  f u e l   i n j e c t e d   p e r   r e v o l u t i o n   of  the   e n g i n e   i s  

c o m p u t e d   on  t he   b a s i s   of  the   e q u a t i o n   ( 7 ) ,   to  t h e r e b y  



p e r f o r m   f u e l   i n j e c t i o n   once   pe r   one  s u c t i o n   s t r o k e   i n  

e a c h  c y l i n d e r ,   f o r   e x a m p l e ,   once   e v e r y   180°  r o t a t i o n   o f  

t h e   c r a n k   in  t he   c a s e   of  e n g i n e   p r o v i d e d   w i t h   4  c y l i n -  

d e r s .   A l t e r n a t i v e l y ,   the   f u e l   i n j e c t i o n   may  be  p e r -  

f o r m e d   when  the   i n t e g r a t e d   a i r   f l ow  r a t e   a c t u a l   v a l u e  

a t t a i n s   a  g i v e n   l e v e l .   A l t h o u g h   an  e m b o d i m e n t   in  w h i c h  

t h e   p r e s e n t   i n v e n t i o n   is  a p p l i e d   to  the   l a t t e r   f u e l  

i n j e c t i o n   s y s t e m ,   the   p r e s e n t   i n v e n t i o n   can  be  a p p l i e d  

to  t he   f o r m e r   o n e .  

F i g . 1 6   shows  the   t i m i n g   of  f u e l   i n j e c t i o n  

a c c o r d i n g   to  the   a b o v e - m e n t i o n e d   l a t t e r   f u e l   i n j e c t i o n  

s y s t e m .   The  i n s t a n t a n e o u s   a i r   f l ow  r a t e   qA  i s  

i n t e g r a t e d   f o r   a  p r e d e t e r m i n e d   p e r i o d   of  t i m e ,   and ,   w h e n  

t h e   i n t e g r a t e d   a i r   f l o w   r a t e   a c t u a l   v a l u e   a t t a i n s   o r  

e x c e e d s   an  i n t e g r a t e d   a i r   f l ow  r a t e   r e f e r e n c e   l e v e l   QR, 

f u e l   is  i n j e c t e d   f o r   a  p r e d e t e r m i n e d   p e r i o d   of  t i m e  t   a s  

s e e n   in  F i g . 1 6 .   T h a t   i s ,   f u e l   is  i n j e c t e d   a t   the   t i m i n g  

a t   w h i c h   the   i n t e g r a t e d   i n s t a n t a n e o u s   a i r   f l o w   r a t e  

a c t u a l   v a l u e   has   a t t a i n e d   t he   i n t e g r a t e d   a i r   f low  r a t e  

r e f e r e c e   l e v e l   Ql .   In  F i g .   16,   t h e r e   a r e   shown  t h r e e  

i n t e g r a t e d   a i r   f l ow  r a t e   r e f e r e n c e   l e v e l s   Q l 1 ,   Q12  a n d  

Q13.  When  the   i n t e g r a t e d   a i r   f low  r a t e   r e f e r e n c e   l e v e l  

i s   s h i f t e d   f rom  Ql l   to  Q l 2 ,   the   f u e l - a i r   m i x t u r e   b e c o m e s  

r i c h e r ,   w h i l e   when  i t   is  s h i f t e d   from  Q2  to   Q3,  t h e  

f u e l - a i r   m i x t u r e   b e c o m e s   l e a n e r .   A c c o r d i n g   to  t h i s  

s y s t e m ,   the  i n t e g r a t e d   a i r   f low  r a t e   r e f e r e n c e   v a l u e  

Q1  is  s u i t a b l y   s h i f t e d   so  as  to  a d j u s t   t he   a i r - f u e l  



r a t i o   (A/F)   as  d e s c r i b e d .   A  r i c h   f u e l - a i r   m i x t u r e   i s  

r e q u i r e d   d u r i n g   w a r m i n g - u p   in  the   e n g i n e   s t a r t i n g   s t a g e ,  

and  t h i s   can   be  a c h i e v e d   by  r e d u c i n g   the   i n t e g r a t e d   a i r  

f l o w   r a t e   r e f e r e n c e   l e v e l   Qy.  For  t he   o p t i m i z e d   c o n t r o l  

of  t he   a i r - f u e l   r a t i o ,   t he   i n t e g r a t e d   a i r   f l o w   r a t e  

r e f e r e n c e   l e v e l   Qt   can   be  s u i t a b l y   a d j u s t e d   by  t h e  

ON-OFF  of  t h e   o u t p u t   f rom  an  02  s e n s o r   ( n o t   s h o w n ) .  

F i g . 1 7   is  a  f l o w c h a r t   f o r   p r o c e s s i n g   t h e  

t a k i n g - i n   of  t he   o u t p u t   s i g n a l   of  t he   h o t - w i r e   t y p e   f l o w  

r a t e   s e n s o r   and  t he   t i m i n g   of  the   f u e l   i n j e c t i o n .  

R e f e r r i n g   to  F i g . 1 7 ,   j u d g e m e n t   is  made  in  a  

s t e p   801  as  to   w h e t h e r   t he   i n t e r r u p t i o n   is  an  INTL 

i n t e r r u p t i o n   or  n o t .   When  the   r e s u l t   of  j u d g e m e n t   i n  

t h e   s t e p   801  p r o v e s   t h a t   t he   i n t e r r u p t i o n   is  an  INTL 

o n e ,   the   ADV  REG  in  IGNC  138  is  s e t   so  as  to  c o m p l e t e  

t h e   INTL  i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m .   When  t h e  

r e s u l t   of  j u d g e m e n t   in  t h e   s t e p   801  p r o v e s ,   on  t h e  

c o n t r a r y ,   t h a t   t he   i n t e r r u p t i o n   is  no t   the   INTL  o n e ,  

j u d g e m e n t   is   made  in  a  s t e p   805  as  to  w h e t h e r   t h e  

i n t e r r u p t i o n   is   t he   QA  t i m e r   i n t e r r u p t i o n   or  n o t .   When 

t h e   r e s u l t   of   j u d g e m e n t   in  t he   s t e p   801  p r o v e s   t h a t   t h e  

i n t e r r u p t i o n   is  a  QA  t i m e r   i n t e r r u p t i o n ,   a c t i v a t i o n   i s  

made  f o r   t a k i n g - i n   t h e   o u t p u t   of  t he   h o t - w i r e   t y p e   f l o w  

r a t e   s e n s o r   in  a  s t e p   8 0 6 , - a n d   t a k i n g - i n   of  t he   o u t p u t  

of  t h e   h o t - w i r e   t y p e   f l o w   r a t e   s e n s o r   is  p e r f o r m e d   in  a  

s t e p   807 .   The  i n s t a n t a n e o u s   a i r   f l ow  r a t e   qA  as  s h o w n  

in  t he   e q u a t i o n   (5)  is  c o m p u t e d   in  a  s t e p   808  and  t h e  



i n t e g r a t i o n   p r o c e s s i n g   is   p e r f o r m e d   in  a  s t e p   8 0 9 .  

J u d g e m e n t   is  made  in  a  s t e p   810  as  to  w h e t h e r   t h e  

i n t e g r a t e d   v a l u e   of  i n s t a n t a n e o u s   a i r   f l o w   r a t e   h a s  

r e a c h e d   the   i n t e g r a t e d   a i r   f l ow  r a t e   r e f e r e n c e   l e v e l .  

When  the   r e s u l t   of  j u d g e m e n t   in  the   s t e p   810  p r o v e s  

t h a t   the   i n t e g r a t e d   a i r   f l o w   r a t e   r e f e r e n c e   l e v e l   h a s  

b e e n   r e a c h e d ,   a  p e r i o d   of  t i m e   of  f u e l   i n j e c t i o n   t  

c o r r e s p o n d i n g   to  the   i n t e g r a t e d   a i r   f low  r a t e   r e f e r e n c e  

l e v e l   is  s e t   in  a  s t e p   811  i n t o   the   INJD  REG  of  INJC  1 3 4  

( F i g . 5 ) ,   and  b a s i c   i n j e c t i o n   p u l s e   is  p r o d u c e d   in  a  s t e p  

812  from  the   INJD  REG  of  INJC  134  to  the   i n j e c t o r   12 

t h r o u g h   the   AND  g a t e   136  to  i n i t i a t e   t he   i n j e c t i o n   w i t h  

t h e   b a s i c   f u e l   a m o u n t   Tp.  At  t h i s   t i m e ,   t he   w i d t h   o f  

t h e   b a s i c   i n j e c t i o n   p u l s e   is  d e t e r m i n e d   by  t h e   p e r i o d   o f  

t i m e   t  f o r   i n j e c t i o n ,   and  the   a m o u n t   of  b a s i c   f u e l  

i n j e c t i o n   Tp  is  d e t e r m i n e d   by  the   i n t e g r a t e d   a i r   f l o w  

r a t e   r e f e r e n c e   l e v e l .   In  a  s t e p   813 ,   the   d i f f e r e n c e  

b e t w e e n   the   i n t e g r a t e d   a i r   f l o w   r a t e   a c t u a l   v a l u e   a n d  

t h e   i n t e g r a t e d   a i r  f l o w   r a t e   r e f e r e n c e   l e v e l   is  c o m p u t e d  

to  r e g a r d   i t   as  the   p r e s e n t   i n t e g r a t e d   a i r   f l o w   r a t e .  

When  the  r e s u l t   of  j u d g e m e n t   in  the   s t e p   805  p r o v e s   t h a t  

t he   i n t e r r u p t i o n   is  no t   a  QA  t i m e r   i n t e r r u p t i o n ,   j u d g e -  

men t   is  made  in  a  s t e p   815  as  to  w h e t h e r   t he   i n t e r r u p -  

t i o n   is  an  ADC  i n t e r r u p t i o n   o r   n o t .   When  t h e   r e s u l t   o f  

j u d g e m e n t   in  the   s t e p   815  p r o v e s   t h a t   i t   is  an  ADC  o n e ,  

j u d g e m e n t   is  made  in  a  s t e p   816  as  to  w h e t h e r   or  no t   t h e  

IST  f l a g   is  in  the   s t a t e   " 1 " .   When  the   r e s u l t   of  j u d g e -  



ment   in  t he   s t e p   816  is   "YES" ,   t he   h o t - w i r e   t y p e   f l o w  

r a t e   s e n s o r   is   a c t i v a t e d   and  the   o u t p u t   of  the   same  i s  

t a k e n - i n   in  a  s t e p   817 .   The  t h u s   t a k e n - i n   v a l u e   of  t h e  

a i r   f low  r a t e   i s   u s e d   f o r   d e t e c t i o n   of  t h e   e n g i n e   s t a r t  

due  to  r o t a t i o n   t o r q u e   of  w h e e l s .   When  t he   r e s u l t   o f  

j u d g e m e n t   in  t h e   s t e p   815  p r o v e s   t h a t   t h e   i n t e r r u p t i o n  

is   no t   an  ADC  o n e ,   as  w e l l   as  when  t h e   r e s u l t   of  j u d g e -  

m e n t   in  t h e   s t e p   816  i s   "NO",  t he   p r o c e s s i n g   i s   s h i f t e d  

to  the   INTV  i n t e r r u p t i o n   p r o c e s s i n g   606  in  F i g . 1 4 .  

F i g . 1 8   shows   the   r e l a t i o n   b e t w e e n   the   t e m -  

p e r a t u r e   TW  of  e n g i n e   c o o l i n g   w a t e r   s e n s e d   by  t h e  

c o o l i n g   w a t e r   t e m p e r a t u r e   s e n s o r   56  and  t h e   a i r   f l o w  

r a t e   r e f e r e n c e   l e v e l .   T h a t   i s ,   F i g . l B   shows   how  t h e  

r e f e r e n c e   l e v e l   i s   v a r i e d   r e l a t i v e   to   t h e   o u t p u t   s i g n a l  

of  the   w a t e r   t e m p e r a t u r e   s e n s o r   56.  The  t e m p e r a t u r e  

r a n g e   of  f r o m   - 4 0 ° C   to  40°C  c o r r e s p o n d s   to   the   w a r m i n g -  

up  l e v e l   in  w h i c h   the   e n g i n e   is  s t a r t e d   f rom  i t s   c o l d  

s t a t e .   The  t e m p e r a t u r e   r a n g e   f rom  40°C  to  8 5 ° C  

c o r r e s p o n d s   to  t h e   n o r m a l   s t a r t i n g   l e v e l ,   and  t he   t e m -  

p e r a t u r e   r a n g e   h i g h e r   t h a n   85°C  c o r r e s p o n d s   to  t he   h o t  

r e - s t a r t i n g   l e v e l .   As  soon   as  t he   e n g i n e   key  is  t u r n e d  

on  to  s t a r t   t he   e n g i n e ,   t he   s e n s o r   o u t p u t   s i g n a l   i n d i c a -  

t i v e   of  t he   t e m p e r a t u r e   of  the   e n g i n e   c o o l i n g   w a t e r   i s  

t a k e n   i n t o   to  t h e   ADC1  so  t h a t   t he   a i r   a m o u n t   r e f e r e n c e  

l e v e l   c o r r e s p o n d i n g   to  the  s e n s e d   t e m p e r a t u r e   can  be  s e t  

by  c o m p a r i s o n   a c c o r d i n g   to  the   r e l a t i o n   shown  in  F i g . 1 8 .  

The  INTST  p r o g r a m   624  shown  in  F i g . 1 4   i s   e x e c u t e d   f o r  



t h i s   p u r p o s e .  

Now,  t he   f u e l   i n a c t i o n   c o n t r o l   p r o c e s s i n g   i n  

a c c e l e r a t i o n   u s i n g   a  f u e l   i n j e c t i o n   c o n t r o l l   a p p a r a t u s  

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d  

w i t h   r e f e r e n c e   to  F i g s .   19  to  2 8 .  

F i g .   19  shows  a  f u e l   c o n t r o l   p r o c e s s i n g   f l o w  

in  a c c e l e r a t i o n   f rom  an  i d l e   or  d e c e l e r a t i o n   s t a t e .  

In  the   e m b o d i m e n t   u n d e r   c o n s i d e r a t i o n ,   t h e  

a m o u n t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   is  i n c r e a s e d   w h e n  

the   e n g i n e   is  a c c e l e r a t e d   f rom  an  i d l e   or  d e c e l e r a t i o n  

s t a t e .   T h i s   p r o c e s s   is  e x e c u t e d   a t   i n t e r v a l s   of  t h e  

10  m s e c .  

F i r s t ,   s t e p   901  d e c i d e s   w h e t h e r   or  not   t h e  

i d l e   s w i t c h   148  shown  in  F i g .   5  is  t u r n e d   on,  and  i f   i t  

is  on,  in  s t e p   902  the   i d l e   s w i t c h   f l a g   "1"  is  s e t   i n  

RAM,  f o l l o w e d   by  s t e p   903.   I f   i t   is  p r o v e d   t h a t   t h e  

i d l e   s w i t c h   is  o f f   in  s t e p   901 ,   on  t he   o t h e r   h a n d ,   t h e  

p r o c e s s   is  p a s s e d   to  s t e p   903 ,   w h e r e   t h e   t h r o t t l e   v a l v e  

o p e n i n g   TH  is  d e t e c t e d   by  the   t h r o t t l e   v a l v e   o p e n i n g  

s e n s o r   l16  and  is  s t o r e d   in  RAM.  T h e n ,   the   t h r o t t l e  

v a l v e   o p e n i n g   TH  d e t e c t e d   at  s t e p   904  is   c o m a p r e d   w i t h  

the   t h r o t t l e   v a l v e   o p e n i n g   TH  (OLD)  w h i c h   has  b e e n  

d e t e c t e d   and  s t o r e d   in  RAM  30  msec  b e f o r e ,   and  i t   i s  

d e c i d e d   w h e t h e r   the   t h o t t l e   o p e n i n g   c h a n g e   r a t e   ΔTH 

(ATH  =  TH -   TH  (OLD))  is  p o s i t i v e   or  n o t ,   t h a t   i s ,   t h e  

a c c e l e r a t i o n   s t a t e   is  i n v o l v e d   or  n o t .   If   ΔTH <  0 ,  

t h a t   i s ,   the   a c c e l e r a t i o n   s t a t e   is  no t   i n v o l v e d ,   t h e  



p r o c e s s   p r o c e e d s   to  s t e p   910 .   I f   i t   is  d e c i d e d   t h a t   ΔTH 

is  l a r g e r   t h a n   z e r o ,   b y  c o n t r a s t ,   t he   c o m p e n s a t i o n  

f a c t o r   K  f o r   a c c e l e r a t i o n   i n j e c t i o n   is  c o m p u t e d   on  t h e  

b a s i s   of  ΔTH  in  s t e p   905.   T h e n ,   in  s t e p   906 ,   i t   i s  

d e c i d e d   w h e t h e r   or  n o t   t he   i d l e   s w i t c h   f l a g   is  " 1 " .  

I f   the   f l a g   is   " 1 " ,   i t   is  d e c i d e d   t h a t   t he   a c c e l e r a t i o n  

f rom  i d l e   or  d e c e l e r a t i o n   s t a t e   is  i n v o l v e d ,   and  in  s t e p  

907,   the   p r o d u c t   of  t he   c o m p e n s a t i o n   f a c t o r   K  and  a  p r e -  

d e t e r m i n e d   v a l u e   n  (n  >  1)  is  d e t e r m i n e d ,   so  t h a t   t h e  

f a c t o r   nK  is  m u l t i p l i e d   by  the   b a s i c   a m o u n t   of  i n j e c t i o n  

T  d e t e r m i n e d   in  s t e p   812  in  F i g .  1 7 ,   t h u s   c o m p u t i n g   t h e  

a d d i t o n a l   a m o u n t   of  f u e l   i n j e c t i o n   T0.  When  the   f l a g   i s  

no t   " 1 " ,   on  t h e   o t h e r   h a n d ,   t he   a d d i t i o n a l   a m o u n t   o f  

f u e l   i n j e c t i o n   TO  is   c o m p u t e d   f rom  t he   c o m p e n s a t i o n  

f a c t o r   K. 

In  s t e p   909 ,   t he   a d d i t i o n a l   a m o u n t   of  f u e l  

i n j e c t i o n   T0  i s   i n j e c t e d .   N a m e l y ,   an  i n t e r r u p t i o n  

i n j e c t i o n   p u l s e   c  is   p r o d u c e d   a f t e r   the   b a s i c   p u l s e   a  

and  an  a d d i t i o n a l   i n j e c t i o n   p u l s e   b  in  a d d i t i o n   to  t h  

b a s i c   i n j e c t i o n   p u l s e  a   is  p r o d u c e d .  

S t e p   910  d e c i d e s   w h e t h e r   or   no t   t he   i d l e  

s w i t c h   is  o f f ,   and  i f   t h e   s w i t c h   is  o f f ,   the   f l a g   "1"  i s  

r e s e t .   T h u s ,   in  t he   a c c e l e r a t i o n   j u s t   a f t e r   an  i d l e   o r  

d e c e l e r a t i o n   ' s t a t e ,   a  g r e a t e r   a m o u n t   of  f u e l   i n j e c t i o n  

t h a n   at   o t h e r   a c c e l e r a t i o n   s t a t e s   is  i n j e c t e d .  

T h i s   o b v i a t e s   the   d i s a d v a n t a g e   of  the   c o n v e n -  

t i o n a l   s y s t e m s   t h a t   the   b a s i c   a m o u n t   of  f u e l   i n j e c t i o n  



in  an  i d l e   or  d e c e l e r a t i o n   s t a t e   is  so  s m a l l   t h a t   t h e  

i n t a k e   m a n i f o l d   is  no t   s u f f i c i e n t l y   w e t t e d   and  t h e r e -  

f o r e   i t   t a k e s   some  t i m e   to  s u f f i c i e n t l y   wet  the   i n t a k e  

m a n i f o l d   in  a c c e l e r a t i o n   in  s p i t e   of  t he   a d d i t i o n a l   f u e l  

i n j e c t i o n ,   r e s u l t i n g   in  an  i n s u f f i c i e n t   a c c e l e r a t i o n .  

I f   i t   is  d e c i d e d   a t   t i m e   p o i n t   t1  t h a t   t h e  

t h r o t t l e   o p e n i n g   c h a n g e   r a t e   ΔTH  is  p o s i t i v e   as  shown  i n  

t he   t ime   c h a r t   of  F i g .   20,  i n t e r r u p t i o n   i n j e c t i o n   p u l s e s  

c  a re   p r o d u c e d   a t   s t e p   909  at   i n t e r v a l s   of  10  msec  a f t e r  

the   b a s i c   i n j e c t i o n   p u l s e   a  p r o d u c e d   at   s t e p   812  o f  

F i g .   17.  F u r t h e r ,   an  a d d i t i o n a l   i n j e c t i o n   p u l s e   b  i s  

p r o d u c e d   in  a d d i t i o n   to  the   b a s i c   i n j e c t i o n   p u l s e   a .  

The  p u l s e   w i d t h s   of  the   i n t e r r u p t i o n   i n j e c t i o n   p u l s e   c  

and  the   a d d i t i o n a l   i n j e c t i o n   p u l s e   b  a r e   d e t e r m i n e d   b y  

the  a d d i t i o n a l   i n j e c t i o n   a m o u n t   TO  and  a re   s e t   to  a  

v a l u e   l a r g e r   t h a n   in  the   c o n v e n t i o n a l   s y s t e m s .  

T h e r e a f t e r ,   as  l ong   as  i t   is  d e c i d e d   t h a t   ΔTH 

is  l a r g e r   t h a n   z e r o ,   t he   a d d i t i o n a l   i n j e c t i o n   a m o u n t  

T0  
is  c o m p u t e d   on  the   b a s i s   of  ΔTH  so  t h a t   an  i n t e r r u p -  

t i o n   i n j e c t i o n   p u l s e   and  an  a d d i t i o n a l   i n j e c t i o n   p u l s e  

w i t h   the   p u l s e   w i d t h   d e t e r m i n e d   by  the   a d d i t i o n a l  

i n j e c t i o n   a m o u n t   TO  a r e   p r o d u c e d .  

A f t e r   t h a t ,   in  r e s p o n s e   to  the   d e c i s i o n   a t  

t ime   p o i n t   t3  t h a t   ΔTH @  0,  t he   a d d i t i o n a l   i n j e c t i o n   i s  

s t o p p e d   and  o n l y   the  b a s i c   i n j e c t i o n   p u l s e  a   is  p r o d u c e d .  

In  t h i s   way,  as  shown  in  F i g .   20  (C) ,   t he   f u e l  

a i r   m i x t u r e   is  p r e v e n t e d   f rom  b e i n g   l e a n   n e a r   the   s t a r t  



of  a c c e l e r a t i o n   ( i n i t i a l   s t a g e   of  a c c e l e r a t i o n  

c o r r e s p o n d i n g   to  a  p e r i o d   t l  -   t2)   t h e r e b y   i m p r o v i n g  

a c c e l e r a t i o n .  

In  e a c h   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ,  

a d d i t i o n a l   i n j e c t i o n   may  be  p e r f o r m e d   e i t h e r   by  t h e  

i n t e r r u p t i o n   i n j e c t i o n   p u l s e   or  by  the   a d d i t i o n a l  

i n j e c t i o n   p u l s e .  

A n o t h e r   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n  

w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   to  t he   f l o w c h a r t   o f  

F i g .   21.  In  t h i s   e m b o d i m e n t ,   t he   a m o u n t   of  a d d i t i o n a l  

i n j e c t i o n   in  a c c e l e r a t i o n   is  c h a n g e d   in  a c c o r d a n c e   w i t h  

t he   e n g i n e   l o a d   t h e r e b y   to  p r e v e n t   the   m i x t u r e   f r o m  

b e i n g   l e a n   n e a r   t he   s t a r t   of  a c c e l e r a t i o n   f rom  s m a l l  

l o a d   s t a t e .   T h i s   f l o w c h a r t   is  e x e c u t e d   a t   i n t e r v a l s   o f  

10  m s e c .  

In  t h i s   d i a g r a m ,   s t e p   921  f e t c h e s   and  s u b j e c t s  

the   t h r o t t l e   o p e n i n g   TH  to  A/D  c o n v e r s i o n   and  the   r e s u l t  

is  s t o r e d   in  t he   RAM.  In  n e x t   s t e p   922 ,   the   d i f f e r e n c e  

ATH  b e t w e e n   t h e   v a l u e   TH  f e t c h e d   p r e s e n t l y   and  the   v a l u e  

TH  (OLD)  i n t r o d u c e d   30  msec  b e f o r e   is  d e t e r m i n e d ,  

f o l l o w e d   by  s t e p   923  f o r   d e c i d i n g   w h e t h e r   or  no t   t h e  

d i f f e r e n c e   ΔTH  is  l a r g e r   t h a n   z e r o ,   t h a t   i s ,   w h e t h e r   o r  

no t   an  a c c e l e r a t i o n   is  i n v o l v e d .   I f   i t   is  d e c i d e d   t h a t  

an  a c c e l e r a t i o n   is  i n v o l v e d ,   s t e p   924  c o m p u t e s   t h e  

c o m p e n s a t i o n   f a c t o r   K1  f o r   a c c e l e r a t i o n   i n j e c t i o n   f r o m  

the   t h r o t t l e   o p e n i n g   c h a n g e   r a t e   ΔTH. 

T h e n ,   s t e p   925  m u l t i p l i e s   the   c o m p e n s a t i o n  



f a c t o r   K 1  f o r   a c c e l e r a t i o n   i n j e c t i o n   by  the   b a s i c  

i n j e c t i o n   a m o u n t   TP  to  c o m p u t e   the   a d d i t i o n a l   f u e l  

a m o u n t   TO  f o r   a c c e l e r a t i o n .  

In  n e x t   s t e p   926,   a  v a l u e   r e p r e s e n t i n g   t h e  

e n g i n e   l o a d ,   t h a t   i s ,   the   n e g a t i v e   p r e s s u r e   Pn  at  o r  

a b o u t   the   t h r o t t l e   v a l v e   is  d e t e c t e d   f rom  the   o u t p u t   o f  

the   n e g a t i v e   p r e s s u r e   s e n s o r   119  ( F i g .   5 ) .   In  t h i s   w a y ,  

the   e m b o d i m e n t   u n d e r   c o n s i d e r a t i o n   u s e s   the   n e g a t i v e  

p r e s s u r e   as  a  v a l u e   r e p r e s e n t i n g   the   l o a d   so  t h a t   t h e  

s m a l l e r   t he   n e g a t i v e   p r e s s u r e ,   t h a t   i s ,   the   n e a r e r   t o  

t h e   a t m o s p h e r i c   p r e s s u r e ,   i t   is  d e c i d e d   t h a t   the   o p e n i n g  

of  the   t h r o t t l e   v a l v e   is  l a r g e r ,   t h a t   i s ,   the   l o a d   i s  

l a r g e r .   In  a  s y s t e m   f o r   p r o d u c i n g   the   b a s i c   i n j e c t i o n  

p u l s e   at  e a c h   180°  in  c r a n k   r o t a t i o n   a c c o r d i n g   t o  

e q u a t i o n   ( 7 ) ,   on  the   o t h e r   h a n d ,   the   l o a d   may  b e  

m e a s u r e d   f rom  the   b a s i c   f u e l   i n j e c t i o n   amoun t   (K  Q N). 

S t e p   926  d e t e r m i n e s   the  c o m p e n s a t i o n   f a c t o r   K 

f o r   a d d i t i o n a l   f u e l   i n j e c t i o n   f rom  the   t h r e e - d i m e n s i o n a l  

map  as  shown  in  F i g .   22  on  the   b a s i s   of  the   n e g a t i v e  

p r e s s u r e   Pn  and  the   c o o l i n g   w a t e r   t e m p e r a t u r e   Tw, 

f o l l o w e d   by  s t e p   927  where   the   c o m p e n s a t e d   a d d i t i o n a l  

f u e l   i n j e c t i o n   a m o u n t   T  is  d e t e r m i n e d   from  the   a d d i -  

t i o n a l   f u e l   i n j e c t i o n   amoun t   TO  f o r   a c c e l e r a t i o n   a n d  

the   c o m p e n s a t i o n   f a c t o r   K  as  T  =  T0  x  K.  In  s t e p   9 2 8 ,  

the   c o m p e n s a t e d   a d d i t i o n a l   f u e l   i n j e c t i o n   amount   T  f o r  

a c c e l e r a t i o n   is  i n j e c t e d .  

In  o t h e r   w o r d s ,   an  i n t e r r u p t i o n   i n e j c t i o n  



p u l s e  c   and  an  a d d i t i o n a l   i n j e c t i o n   p u l s e   b,  t he   p u l s e  

w i d t h s   of  w h i c h   a re   d e t e r m i n e d   by  the   a d d i t i o n a l   i n j e c -  

t i o n   a m o u n t   T,  a r e   p r o d u c e d .  

In  F i g .   22,  t he   X - a x i s   r e p r e s e n t s   t he   n e g a t i v e  

p r e s s u r e   Pn  and  t h e   Y - a x i s   t he   c o o l i n g   w a t e r   t e m p e r a t u r e  

Tw  and  t he   Z - a x i s   t he   c o m p e n s a t i o n   f a c t o r   K  f o r  

a c c e l e r a t i o n .  

In  t h i s   e m b o d i m e n t ,   t he   c o m p e n s a t i o n   f a c t o r   K 

is   d e t e r m i n e d   c o n t i n u o u s l y   f o r   a l l   the   l o a d   c o n d i t i o n s  

by  u se   of  a  t h r e e - d i m e n t i o n a l   map.  The  a d d i t i o n a l   f u e l  

i n j e c t i o n   a m o u n t   a l t e r n a t i v e l y   be  i n c r e a s e d   o n l y   w h e n  

t h e   l o a d   is   b e l o w   a  p r e d e t e r m i n e d   v a l u e   ( s u c h   as  w h e n  

t h e   n e g a t i v e   p r e s s u r e   Pn  is   more  t h a n   a  p r e d e t e r m i n e d  

v a l u e ) .   In  t h i s   c a s e ,   s t e p   906  d e c i d e s   w h e t h e r   or  n o t  

t he   l o a d   is  s m a l l e r   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   and  o n l y  

when  i t   is  d e c i d e d   t h a t   t he   l o a d   is  s m a l l e r   t h a n   t h e  

p r e d e t e r m i n e d   v a l u e ,   t he   c o m p e n s a t i o n   f a c t o r   K  d e t e r -  

m i n e d   by  the   c o o l i n g   w a t e r   t e m p e r a t u r e   Tw  may  be  r e a d  

f r o m   a  t w o - d i m e n s i o n a l   map.  A l t e r n a t i v e l y ,   when  i t   i s  

d e c i d e d   t h a t   the   l o a d   is  n o t   s m a l l e r   t h a n   the   p r e d e t e r -  

m i n e d   v a l u e ,   the   a d d i t i o n a l   i n j e c t i o n   a m o u n t   TO  may  b e  

i n j e c t e d   in  s t e p   928.   In  t h i s   e m b o d i m e n t ,   the   a d d i -  

t i o n a l   i n j e c t i o n   a m o u n t   may  be  o b t a i n e d   w i t h o u t   r e g a r d  

to  t h e   c o o l i n g   w a t e r   t e m p e r a t u r e   Tw. 

In  t h i s   way,  a c c o r d i n g   to  t he   p r e s e n t   e m b o d i -  

m e n t ,   a  s u f f i c i e n t   a m o u n t   of  a d d i t i o n a l   f u e l   is  i n j e c t e d  

in  a c c e l e r a t i o n   f rom  s m a l l   l o a d   s t a t e ,   so  t h a t   t h e  



m i x t u r e   is  p r e v e n t e d   f rom  b e i n g   l e a n   n e a r   the   s t a r t   o f  

a c c e l e r a t i o n ,   t h u s   a c h i e v i n g   a  s u p e r i o r   a c c e l e r a t i o n .  

F i g .   23  is  s  f l o w c h a r t   f o r   a c h i e v i n g   a  s a t i s -  

f a c t o r y   a c c e l e r a t i o n   by  p r e v e n t i n g   the   m i x t u r e   f r o m  

b e i n g   l e a n   n e a r   t he   s t a r t   of  a c c e l e r a t i o n   f rom  l o w  

e n g i n e   s p e e d   by  c h a n g i n g   the   a m o u n t   of  a d d i t i o n a l   f u e l  

i n j e c t i o n   in  a c c o r d a n c e   w i t h   the   e n g i n e   s p e e d .   In  t h i s  

e m b o d i m e n t   a l s o ,   the   f l o w c h a r t   of  F i g .   23  is  e x e c u t e d   a t  

i n t e r v a l s   of  10  m s e c .  

In  t h i s   d i a g r a m ,   s t e p   941  f e t c h e s   a  t h r o t t l e  

o p e n i n g   and  s u b j e c t s   the  v a l u e   TH  t h e r e o f   to  A/D  c o n v e r -  

s i o n   and  t h e   r e s u l t   of  c o n v e r s i o n   is  s t o r e d   in  t he   RAM. 

T h e n ,   in  s t e p   942 ,   the   d i f f e r e n c e   ΔTH  b e t w e e n   the   v a l u e  

TH  p r e s e n t l y   f e t c h e d   and  the   v a l u e   TH  (OLD)  f e t c h e d   30 

msec  p r e v i o u s l y ,   t h a t   i s ,   the   v a l u e   ΔTH  =  TH -   TH  (OLD) 

is  d e t e r m i n e d .  

S t e p   943  d e t e r m i n e s   w h e t h e r   or  no t   t h i s   v a l u e  

ΔTH  is  l a r g e r   t h a n   z e r o ,   and  i f   i t   is  d e c i d e d   t h a t   i t   i s  

l a r g e r   t h a n   z e r o ,   t h a t   i s ,   an  a c c e l e r a t i o n   is  i n v o l v e d ,  

t h e n   s t e p   944  c o m p u t e s   the  c o m p e n s a t i o n   f a c t o r   K1  f o r  

a c c e l e r a t i o n   i n j e c t i o n   f rom  the   t h r o t t l e   o p e n i n g   c h a n g e  

r a t e   ΔTH.  T h e n ,   s t e p   945  c o m p u t e s   the   a d d i t i o n a l   f u e l  

i n j e c t i o n   a m o u n t   T0  f o r   a c c e l e r a t i o n   f rom  the   b a s i c   f u e l  

i n j e c t i o n   a m o u n t   Tp  and  the  c o m p e n s a t i o n   f a c t o r   K   f o r  

a c c e l e r a t i n g   i n j e c t i o n .   T h a t   i s ,   T0  is   d e t e r m i n e d   f r o m  

Tp  x  K. 

In  n e x t   s t e p   946,   the   c o m p e n s a t i o n   f a c t o r   K  i s  



r e t r i e v e d   f rom  t he   map  as  shown  in  F i g .   24  on  the   b a s i s  

of  t he   e n g i n e   s p e e d   N,  f o l l o w e d   by  the   s t e p   947  f o r  

c o m p u t i n g   the   a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   T  f o r  

a c c e l e r a t i o n ,   f rom  TO  x  K  =  T.  T h e n ,   in  s t e p   948 ,   t h e  

a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   T  f o r   a c c e l e r a t i o n   i s  

i n j e c t e d .  

In  the   e m b o d i m e n t s   of  F i g .   21  and  23,  t h e  

a m o u n t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   is  l a r g e   n e a r   t h e  

s t a r t   of  a c c e l e r a t i o n   and  d e c r e a s e s   w i t h   i n c r e a s e   in  t h e  

l o a d   or   e n g i n e   s p e e d ,   t h e r e b y   m a i n t a i n i n g   a  p r o p e r   a i r -  

f u e l   r a t i o   and  p e r f o r m i n g   s a t i s f a c t o r y   a c c e l e r a t i o n .  

As  s e e n   f rom  t h e   a b o v e   d e s c r i p t i o n ,   a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n ,   t he   a m o u n t   of  f u e l   i n j e c t i o n  

is   i n c r e a s e d   in  o r d e r   to  p r e v e n t   the   m i x t u r e   gas  f r o m  

b e i n g   l e a n   n e a r   t he   s t a r t   of  a c c e l e r a t i o n .  

Now,  a s s u m i n g   t h a t   as  in  the   e m b o d i m e n t   o f  

F i g .   19,  t he   a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   is  m a i n -  

t a i n e d   c o n s t a n t   d u r i n g   t he   a c c e l e r a t i o n   p e r i o d   ( n a m e l y ,  

d u r i n g   the   t ime   p o i n t s   b e t w e e n   t   and  t3  in  F i g .   2 0 ) ,  

t h e   a i r - f u e l   r a t i o   is  l i k e l y   to  be  r e d u c e d ,   t h a t   i s ,  

t h e   m i x t u r e   is  l i k e l y   to  become  r i c h   n e a r   t he   end  o f  

a c c e l e r a t i o n   ( i . e . ,   d u r i n g   the   p e r i o d   f rom  t2  to  t 3 ) .  

The  a i r - f u e l   r a t i o   can  be  m a i n t a i n e d   a t   a  p r o p e r   v a l u e  

by  i n c r e a s i n g   the   a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   n e a r  

the   s t a r t   of  a c c e l e r a t i o n   and  t h e n   by  r e d u c i n g   the   s a m e  

g r a d u a l l y .  

An  e m b o d i m e n t   f o r   p r o c e s s i n g   the   f u e l   c o n t r o l  



in  t h i s   m a n n e r   w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   to  t h e  

f l o w c h a r t   of  F i g .   2 5 .  

The  o p e r a t i o n   of  t h i s   f l o w c h a r t   is  a c t i v a t e d  

by  t he   i n t e r r u p t i o n   at   i n t e r v a l s   of  10  m s e c .   F i r s t ,  

s t e p   950  d e c i d e s   w h e t h e r   or  no t   the   t h r o t t l e   o p e n i n g  

c h a n g e   r a t e   ΔTH  is  p o s i t i v e ,   t h a t   i s ,   an  a c c e l e r a t i o n  

is   i n v o l v e d .   I f   i t   is  d e c i d e d   t h a t   an  a c c e l e r a t i o n  

is   i n v o l v e d ,   s t e p   951  d e t e r m i n e s   the   number   of  c o m p e n s a -  

t i o n s   f o r   a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   on  t h e  

b a s i s   of  ΔTH  and  s e t s   t he   number   in  a  s o f t   c o u n t e r   i n  

t h e   RAM.  T h i s   number   of  c o m p e n s a t i o n s   is  p r o p o r t i o n a l  

s u b s t a n t i a l l y   to  the   v a l u e   ΔTH. 

Next   in  s t e p   952 ,   the   c o m p e n s a t i o n   f a c t o r  

K 1  f o r   a c c e l e r a t i o n   i n j e c t i o n   is  c o m p u t e d   on  the   b a s i s  

of  ΔTH,  f o l l o w e d   by  s t e p   953  f o r   c o m p u t i n g   the   i n i t i a l  

v a l u e   TO o f   the   a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   f o r  

a c c e r e l a t i o n   by  m u l t i p l y i n g   the   b a s i c   f u e l   i n j e c t i o n  

a m o u n t   T  by  K1 .  

S t e p   954  c o m p u t e s   the   a d d i t i o n a l   f u e l   i n j e c -  

t i o n   a m o u n t   T  from  the   i n i t i a l   v a l u e   T0  and  the   c o n t e n t  

of  the   c o u n t e r   f o r   c o u n t i n g   the   number   of  c o m p e n s a t i o n s  

p r o v i d e d   in  the  RAM.  The  a d d i t i o n a l   i n j e c t i o n   amount   T 

is  s u b s t a n t i a l l y   p r o p o r t i o n a l   to  the   p r o d u c t   of  t h e  

i n i t i a l   v a l u e   T0  and  the   c o n t e n t   of  the   c o u n t e r ,   and  i s  

r e d u c e d   w i t h   the  d e c r e a s e   of  the  c o n t e n t   of  the   c o u n t e r .  

In  n e x t   s t e p   955 ,   the   a d d i t i o n a l   f u e l   i n j e c -  

t i o n   amoun t   T  is  s e t   in  the  r e g i s t e r   134 ,   and  a n  



a d d i t i o n a l   i n j e c t i o n   p u l s e   and  an  i n t e r r u p t i o n   i n j e c t i o n  

p u l s e   a re   p r o d u c e d   on  t he   b a s i s   of  t he   v a l u e   T .  

In  s t e p   956 ,   i t   is  d e c i d e d   w h e t h e r   or  n o t  

t h e   d a t a   in  t h e   c o u n t e r   is  z e r o ,   and  i f   i t   is  z e r o ,   t h e  

a d d i t i o n a l   i n j e c t i o n   is  e n d e d ,   w h i l e   i f   t h e   d a t a   in  t h e  

c o u n t e r   is  no t   z e r o ,   the   p r o c e s s   is  p a s s e d   to  s t e p   9 5 7 .  

In  s t e p   957 ,   i t   is  d e c i d e d   w h e t h e r   or  n o t   a  p r e d e t e r -  

m i n e d   t ime   (10  msec   in  t h i s   c a s e )   has   p a s s e d ,   and  i f   t h e  

p r e d e t e r m i n e d   t i m e   has  p a s s e d ,   t he   d a t a   in  the   c o u n t e r  

is   r e d u c e d   by  one  in  s t e p   9 5 8 .  

On  t he   b a s i s   of  the   d a t a   in  t h e   c o u n t e r   a f t e r  

t h i s   s u b t r a c t i o n ,   t he   a d d i t i o n a l   f u e l   is   i n j e c t e d .  

In  t h i s   w a y ,  t h e   a m o u n t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   i s  

s t e a d i l y   r e d u c e d   f rom  t he   s t a r t   of  a c c e l e r a t i o n   as  s h o w n  

in  F i g .   26  (C)  t h e r e b y   to  p r e v e n t   t he   m i x t u r e   f rom  b e i n g  

r i c h   n e a r   t he   end  of  a c c e l e r a t i o n .   As  a p p a r e n t   f r o m  

F i g .   26  (D) ,   t he   w i d t h   of  the   a d d i t i o n a l   i n j e c t i o n   p u l s e  

and  the   i n t e r r u p t i o n   i n j e c t i o n   p u l s e   is  r e d u c e d   w i t h   t h e  

l a p s e   of  t i m e   of  a c c e l e r a t i o n .  

In  t he   c a s e   w h e r e   t he   b a s i c   i n j e c t i o n   p u l s e   i s  

p r o d u c e d   a t   t he   c r a n k   r e v o l u t i o n   of  e a c h   180  d e g r e e s ,  

t h e   c o u n t e r   d a t a   may  be  r e d u c e d   in  a c c o r d a n c e   w i t h   t h e  

r e f e r e n c e   a n g l e   p u l s e   REF  p r o d u c e d   f o r  c r a n k   r e v o l u t i o n  

of  e a c h   180  d e g r e e s   in  s t e p s   957  and  9 5 8 .  

In  t h i s   e m b o d i m e n t ,   in  t he   e v e n t   of  a  s l o w  

a c c e l e r a t i o n ,   w h e r e i n   the   v a l u e   ATH  is  r e l a t i v e l y   s m a l l  

and  the   a c c e l e r a t i o n   t ime   is  a l m o s t   in  a  r a n g e   of  200  



msec  to  500  m s e c ,   t h e   f u e l   a i r   m i x t u r e   is  l i k e l y   to  b e  

r i c h   b e c a u s e   the   a d d i t i o n a l   f u e l   i n j e c t i o n   r e s p o n d i n g   t o  

t h e   i n t e r r u p t i o n   i n j e c i t o n   p u l s e  c   is  p e r f o r m e d   e a c h   10 

msec   even   t h o u g h   t he   s u c t i o n   a i r   f low  r a t e   i n c r e a s e s  

v e r y   s l o w l y .   T h u s ,   in  t he   c a s e   where   t he   a c c e l e r a t i o n  

i n v o l v e s   a  s m a l l   v a l u e   of  t he   t h r o t t l e   o p e n i n g   c h a n g e  

r a t e   ΔTH,  i t   is  p r o p o s e d   t h a t   o n l y   the   f i r s t   a d d i t i o n a l  

i n j e c t i o n   is  e f f e c t e d   f o r   one  a c c e l e r a t i o n ,   bu t   no  a d d i -  

t i o n a l   i n j e c t i o n   is  p e r f o r m e d   t h e r e a f t e r   even   i f   t h e  

t h r o t t l e   o p e n i n g   c h a n g e   r a t e   is  d e t e c t e d   to  be  p o s i t i v e  

e v e r y   10  m s e c ,   to  t h e r e b y   p r e v e n t   the   m i x t u r e   f rom  b e i n g  

r i c h .  

In  t h i s   e m b o d i m e n t ,   u n l i k e   in  t he   a f o r e -  

m e n t i o n e d   e m b o d i m e n t s ,   the   a d d i t i o n a l   i n j e c t i o n   c o m p e n -  

s a t i o n   f a c t o r   K1  is   no t   c o m p u t e d   a c c o r d i n g   to  the  v a l u e  

ΔTH,  bu t   is  d e t e r m i n e d   a c c o r d i n g   to  t he   o p e n i n g   r a n g e   t o  

w h i c h   the  v a l u e   6TH  b e l o n g s .   F u r t h e r ,   when  the   v a l u e  

ATH  is  l e s s   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   i t   is  d e c i d e d  

t h a t   i t   is  a  show  a c c e l e r a t i o n   to  t h e r e b y   p e r f o r m   t h e  

a d d i t i o n a l   i n j e c t i o n   o n l y   once   f o r   one  a c c e l e r a t i o n .  

A l t e r n a t i v e l y ,   when  the   v a l u e   ΔTH  is  not   l e s s   t h a n   t h e  

p r e d e t e r m i n e d   v a l u e ,   i t   is  d e c i d e d   t h a t   i t   is  a  n o r m a l  

a c c e l e r a t i o n   to  t h e r e b y   p e r f o r m   the   a d d i t o n a l   a c c e l e r a -  

t i o n   e v e r y   10  m s e c .  

The  f l o w c h a r t   of  t h i s   c o n t r o l   is  shown  in  F i g .  

27.  S p e c i f i c a l l y   s t e p   1001  f e t c h e s   the   t h r o t t l e   o p e n i n g  

TH  by  i n t e r r u p t i o n   a t   10  msec  i n t e r v a l s ,   w h i c h   t h r o t t l e  



o p e n i n g   TH  s u b j e c t e d   to  A/D  c o n v e r s i o n   and  is  s t o r e d   i n  

t h e   RAM.  N e x t ,   t he   d i f f e r e n c e   ΔTH  b e t w e e n   t he   p r e s e n t l y  

f e t c h e d   t h r o t t l e   o p e n i n g   TH  and  the   t h r o t t l e   o p e n i n g   TH 

(OLD)  f e t c h e d   30  msec   b e f o r   is  d e t e r m i n e d   in  s t e p   1 0 0 2 .  

S t e p   1003  d e c i d e s   w h e t h e r   or  no t   t he   v a l u e   ΔTH  is  l a r g e r  

t h a n   a  p r e d e t e r m i n e d   v a l u e   @1,  i t   is  d e c i d e d   t h a t   i t   i s  

n o t   an  a c c e l e r a t i o n   s t a t e   so  t h a t   s t e p   1004  r e s e t s   t h e  

f l a g   1  f o r   n o n - e x e c u t i o n   of  a d d i t i o n a l   i n j e c t i o n .   I f  

t he   v a l u e   ΔTH  i s  @1  or  m o r e ,   on  t he   o t h e r   h a n d ,   s t e p  

1005  d e c i d e s   w h e t h e r   or  no t   ΔTH  is  a  p r e d e t e r m i n e d   v a l u e  

a2  (@2  >  al)   or  m o r e .   I f   s t e p   1005  d e c i d e s   t h a t   ΔTH  i s  

s m a l l e r   t h a n   a2,  i t   is  d e c i d e d   t h a t   the   v a l u e   ΔTH 

b e l o n g s   to  a  t h r o t t l e   o p e n i n g   r a n g e   " 1 " ,   t h a t   i s  @ 2   > 

ΔTH >  @1.  F u r t h e r ,   i t   is   d e c i d e d   t h a t   i t   is  a  s l o w  

a c c e l e r a t i o n   s t a t e ,   so  t h a t   t he   v a l u e   of  the   c o m p e n -  

s a t i o n   f a c t o r   K1  d e t e r m i n e d   f rom  the   o p e n i n g   r a n g e   " 1 "  

and  w a t e r   t e m p e r a t u r e   Tw  is  r e t r i e v e d   f rom  t he   map  i n  

s t e p   1 0 0 6 .   Then  in  s t e p   1 0 0 7 ,   the   a m o u n t   of  a d d i t o i n a l  

f u e l   i n j e c t i o n   f o r   a c c e l e r a i t o n   c o m m e n s u r a t e   w i t h   t h e  

c o m p e n s a t i o n   f a c t o r   K1  is   c o m p u t e d ,   f o l l o w e d   by  s t e p  

1008  f o r   d e c i d i n g   w h e t h e r   t he   f l a g   1  is  "0"  or  n o t .   I f  

i t   is  d e c i d e d   in  s t e p   1008  t h a t   the   f l a g   1  is  no t   " 0 " ,  

t h a t   i s ,   the   f l a g   is  s e t ,   t h e n   the   d e c i s i o n   is   t h a t   o n e  

a d d i t i o n a l   i n j e c t i o n   b a s e d . o n   the   r a n g e   "1"  has   a l r e a d y  

been   c o m p l e t e d   and  t h e r e f o r e   no  a d d i t i o n a l   i n j e c t i o n   i s  

e f f e c t e d   any  m o r e .  

I f   i t   is  d e c i d e d   t h a t   the   f l a g   1  is  " 0 " ,   on  



the   o t h e r   h a n d ,   s t e p   1009  e f f e c t s   a d d i t i o n a l   i n j e c t i o n  

o n c e ,   f o l l o w e d   by  s t e p   1010  f o r   s e t t i n g   the   f l a g   1 .  

As  a  r e s u l t ,   t he   a d d i t i o n a l   i n j e c i t o n   f o r   the   r a n g e   " 1 "  

is  i n d i c a t e d .  

When  s t e p   1005  d e c i d e s   t h a t   the   v a l u e   ΔTH  i s  

a 2  o r   l a r g e r ,   s t e p   1011  d e c i d e s   w h e t h e r   or  no t   ΔTH  i s  

@3 (@3  >  a2)  or  m o r e .   I f   i t   is  d e c i d e d   at   t h i s   s t e p  

1011  t h a t   ΔTH  is  l e s s   t h a n   @3,  t he   r e s u l t i n g   d e c i s i o n   i s  

t h a t   ΔTH  is  b e l o n g s   to  an  o p e n i n g   r a n g e   " 2 " ,   t h a t   i s ,  

a3  >  ΔTH ≥  a2.  F u r t h e r ,   i t   is  d e c i d e d   t h a t   i t   is  a  s l o w  

a c c e l e r a t i o n   and  so  in  s t e p   1 0 1 2 ,   t he   c o m p e n s a t i o n   f a c -  

t o r   K1  is  d e t e r m i n e d   f rom  the   w a t e r   t e m p e r a t u r e   Tw  a n d  

the   r a n g e   " 2 " .   The  a d d i t i o n a l   f u e l   i n j e c t i o n   a m o u n t   f o r  

a c c e l e r a t i o n   b a s e d   on  t h i s   c o m p e n s a t i o n   f a c t o r   K1  i s  

c o m p u t e d   a t   s t e p   1 0 1 3 ,   f o l l o e d   by  s t e p   1014  w h e r e   i t   i s  

d e c i d e d   w h e t h e r   or  no t   t he   f l a g   2  is  " 0 " .   If   s t e p   1 0 1 4  

d e c i d e s   t h a t   t he   f l a g   2  is  no t   " 0 " ,   t h a t   i s ,   t he   f l a g  

is  s e t ,   t h e n   no  a d d i t i o n a l   f u e l   i n j e c t i o n   is  e f f e c t e d .  

When  i t   is  d e c i d e d   t h a t   the   f l a g   2  is  " 0 " ,   by  c o n t r a s t ,  

s t e p   1015  p e r f o r m s   a d d i t i o n a l   f u e l   i n j e c t i o n   once   s o  

t h a t   t he   f l a g   2  is  s e t   to  in  s t e p   1 0 1 6 .  

When  s t e p   1011  d e c i d e s   t h a t   the   v a l u e   ΔTH  i s  

a3  or  m o r e ,   on  the   o t h e r   h a n d ,   s t e p   1017  d e c i d e s   w h e t h e r  

or  not   ΔTH  i s  n o t   l e s s   t h a n   a  p r e d e t e r m i n e d   v a l u e   a4 

(a4  >  a3) .   I f   s t e p   1017  d e c i d e s   t h a t   ΔTH  is  s m a l l e r  

t h a n   a4'  t he   r e s u l t i n g   d e c i s i o n   is  t h a t   ΔTH  b e l o n g s   t o  

an  o p e n i n g   r a n g e   " 3 " ,   t h a t   i s ,   a4  >  ΔTH @  @3.  F u r t h e r ,  



i t   is  d e c i d e d   t h a t   i t   is  a  s l o w   a c c e l e r a t i o n ,   so  t h a t  

s t e p   1018  r e t r i e v e s   the   map  f o r   t he   c o m p e n s a t i o n   f a c t o r  

K1  d e t e r m i n e d   f rom  the   r a n g e   "3"  and  t h e   w a t e r   t e m p e r a -  

t u r e   Tw,  f o l l o w e d   by  s t e p   1019  w h e r e   t he   a d d i t i o n a l  

f u e l   i n j e c t i o n   a m o u n t   f o r   a c c e l e r a i t o n   i s   c o m p u t e d .  

N e x t ,   in  s t e p   1 0 2 0 ,   i t   is  d e c i d e d   w h e t h e r   or  not   t h e  

f l a g   3  is  " 0 " ,   and  i f   i t   is  d e c i d e d   t h a t   the   f l a g   3  i s  

" 0 " ,   s t e p   1021  e f f e c t s   an  a d d i t o n a l   i n j e c t i o n ,   f o l l o w e d  

by  s t e p   1022  f o r   s e t t i n g   the   f l a g   3 .  

When  s t e p   1020  d e c i d e s   t h a t   t h e   f l a g   3  is  n o t  

" 0 " ,   on  t he   o t h e r   h a n d ,   no  a d d i t i o n a l   f u e l   i n j e c t i o n   i s  

e f f e c t e d .  

I f   s t e p   1017  d e c i d e s   t h a t   ATH  is  @4  or  m o r e ,  

t h e   r e s u l t i n g   d e c i s i o n   is  t h a t   ΔTH  b e l o n g s   to  an  o p e n i n g  

r a n g e   " 4 " .   F u r t h e r ,   i t   is  d e c i d e d   t h a t   i t   is  no t   a  s l o w  

a c c e l e r a t i o n   bu t   a  n o r m a l   a c c e l e r a t i o n ,   so  t h a t   s t e p  

1023  r e t r i e v e s   the   map  f o r   the   c o m p e n s a t i o n   f a c t o r  

K1  d e t e r m i n e d   f rom  t he   r a n g e   "4"  and  t he   w a t e r   t e m -  

p e r a t u r e   Tw,  f o l l o w e d   by  s t e p   1024  f o r   c o m p u t i n g   t h e  

a d d i t o i n a l   f u e l   i n j e c t i o n   a m o u n t   f o r   a c c e l e r a t i o n ,  

f u r t h e r   f o l l o w e d   by  s t e p   1025  f o r   a d d i t i o n a l   i n j e c t i o n .  

As  s e e n   f rom  a b o v e ,   in  t he   c a s e   where   a4  >  ΔTH 

>  @1,  t he   a d d i t i o n a l   f u e l   i n j e c t i o n   a c c o r d i n g   to  t h e  

r a n g e   " 1 " ,   "2"  or  "3"  is  e f f e c t e d   o n c e   as  shown  in  F i g .  

28  ( B ) ,   w h i l e   when  ΔTH @  @4,  i t   is  d e c i d e d   t h a t   the   s l o w  

a c c e l e r a t i o n   is  no t   i n v o l v e d ,   so  t h a t   t he   a d d i t i o n a l  

f u e l   i n j e c t i o n   is  r e p e a t e d   as  l ong   as  the   r e l a t i o n  



ΔTH @  a4  is   m a i n t a i n e d .  

The  a m o u n t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   i s  

l a r g e r ,   the   h i g h e r   the   r a n g e .   In  t he   e m b o d i m e n t s   o f  

F i g s .   19,   23  and  25,  l i k e   in  t he   e m b o d i m e n t s   of  F i g s .   21 

and  27,   t he   c o m p e n s a t i o n   f a c t o r   K  may  be  m o d i f i e d   i n  

a c c o r d a n c e   w i t h   the  c o o l i n g   w a t e r   t e m p e r a t u r e   Tw.  

Now,  in  any  e m b o d i k m e n t s ,   the   a d d i t i o n a l   f u e l  

i n j e c t i o n   a m o u n t   TO  may  be  o b t a i n e d   f rom  a  m a p .  

R e f e r r i n g   to  F i g s . 2 9   to  31,  the   INTV  i n t e r r u p -  

t i o n   p r o c e s s i n g   w i l l   be  now  d e s c r i b e d .   F i g . 2 9   shows   a  

s o f t   t i m e r   t a b l e   w h i c h   is  p r o v i d e d   in  the   RAM  106  a n d  

w h i c h   is   p r o v i d e d   w i t h   t i m e r   b l o c k s   in  t he   same  n u m b e r  

as  t h a t   of  d i f f e r e n t   a c t i v a t i o n   p e r i o d s   a c t i v a t e d   b y  

v a r i o u s   k i n d s   of  i n t e r r u p t i o n s .   The  t e rm  " t i m e r   b l o c k "  

is  d e f i n e d   as  a  s t o r a g e   a r e a   i n t o   w h i c h   t ime   i n f o r m a t i o n  

w i t h   r e s p e c t   to  the  a c t i v a t i o n   p e r i o d   of  t he   t a s k   s t o r e d  

in  t he   ROM  104.   In  F i g . 2 9 ,   "TMB"  d e s c r i b e d   a t   t he   l e f t  

end  r e p r e s e n t s   the   head   a d d r e s s   of  the   s o f t   t i m e r   t a b l e  

in  t he   RAM  106.   I n t o   e a c h   t .   the   t i m e r   b l o c k s   of  t h e  

s o f t   t i m e r   t a b l e ,   the   t ime   i n f o r m a t i o n   w i t h   r e s p e c t   t o  

the   a b o v e - m e n t i o n e d   a c t i v a t i o n   p e r i o d   is  s t o r e d   f rom  t h e  

ROM  104  in  s t a r t i n g   the  e n g i n e .   T h a t   i s ,   when  the   INTV 

i n t e r r u p t i o n   is  p e r f o r m e d ,   f o r   e x a m p l e ,   at   a  r e g u l a r  

p e r i o d   of  t ime   of  10  m s e c , . a   v a l u e   wh ich   is  i n t e g r a l  

m u l t i p l e s   of  10  msec  and  wh ich   r e p r e s e n t s   the   r e s p e c t i v e  

a c t i v a t i o n   p e r i o d   is  t r a n s f e r r e d   and  s t o r e d   in  t h e  

r e s p e c t i v e   t i m e r   b l o c k .  



-  F i g . 3 0   shows  a  f l o w c h a r t   f o r   e x e c u t i n g   t h e  

INTV  i n t e r r u p t i o n   p r o c e s s i n g   606 .   In  F i g . 3 0 ,   i f   t h e  

p r o g r a m   is  a c t i v a t e d   a t   a  s t e p   626 ,   the   s o f t   t i m e r   t a b l e  

p r o v i d e d   in  t he   RAM  106  is  i n i t i a l i z e d   in  a  s t e p   6 2 8 .  

T h a t   i s ,   t h e   c o n t e n t s   i  of  t he   i n d e x   r e g i s t e r   is  made  0 

( z e r o )   and  the   r e s i d u a l   t i m e r   T1  s t o r e d   in  the  t i m e r  

b l o c k   of  t h e   a d d r e s s   TMB+0  in  t h e   t i m e r   t a b l e   i s  

c h e c k e d .   In  t h i s   c a s e   T1=T0.   N e x t ,   j u d g e m e n t   is  m a d e  

in  a  s t e p   630  as  to  w h e t h e r   t he   s o f t   t i m e r   c h e c k e d   i n  

t he   s t e p   628  is  in  t he   s t a t e   of  s t o p p a g e   or  n o t .   T h a t  

i s ,   when  t h e   r e s i d u a l   t i m e   T1  s t o r e d   in  t he   s o f t   t i m e r  

t a b l e   is  0  ( z e r o ) ,   the   j u d g e m e n t   is  c o n c l u d e d   t h a t   t h e  

s o f t   t i m e r   is  in  t he   s t a t e   of  s t o p p a g e   and  t h a t   t h e  

c o r r e s p o n d i n g   t a s k   to  be  a c t i v a t e d   by  the   s p e c i f i c   s o f t  

t i m e r   is  in  t he   s t a t e   of  s t o p p a g e ,   so  t h a t   p r o c e s s i n g   i s  

j u m p e d   to  a  s t e p   640  in  w h i c h   the   s o f t   t i m e r   t a b l e   i s  

r e n e w e d .   T h a t   i s ,   the   a b o v e - m e n t i o n e d   j u d g e m e n t   is  m a d e  

on  the   b a s i s  o f   t he   f a c t   t h a t   when  t he   t a s k   is  s t o p p e d ,  

t he   r e s i d u a l   t i m e r   is  l e f t   i t   as  i t   is  w i t h o u t   b e i n g  

i n i t i a l i z e d   when  i t   b e c o m e s   0  ( z e r o ) .  

In  t he   c a s e   w h e r e   the   r e s i d u a l   t i m e r   T 1 ≠ 0 ,  

t he   p r o c e s s i n g   is  s h i f t e d   to  a  s t e p   632  in  w h i c h   t h e  

r e s i d u a l   t i m e r   in  the  t i m e   b l o c k   is  r e n e w e d .   In  p a r -  

t i c u l a r ,   t h e   r e s i d u a l   t i m e r   T1  is  d e c r e m e n t e d   by  1 

( o n e ) .   N e x t ,   j u d g e m e n t   is  made  in  a  s t e p   634  as  t o  

w h e t h e r   t he   s o f t   t i m e r   has  r e a c h e d   the   a c t i v a t i o n   p e r i o d  

or   n o t .   When  the   r e s i d u a l   t i m e r   T1=0 ,   the   j u d g e m e n t   i s  



c o n c l u d e d   t h a t   the   a c t i v a t i o n   p e r i o d   has   been   r e a c h e d  

and  the   p r o c e s s i n g   is  s h i f t e d   to  a  s t e p   636 .   If   t h e  

j u d g e m e n t   is  c o n c l u d e d   t h a t   the   s o f t   t i m e r   has  n o t  

r e a c h e d   the  a c t i v a t i o n   p e r i o d ,   on  the   c o n t r a r y ,   the   p r o -  

c e s s i n g   is  j umped   to  the   s t e p   640  in  w h i c h   the   s o f t  

t i m e r   t a b l e   is  r e n e w e d .   When  the   s o f t   t i m e r   t a b l e   h a s  

r e a c h e d   the   a c t i v a t i o n   p e r i o d ,   the   r e s i d u a l   t ime   T1  o f  

t h e   s o f t   t i m e r   t a b l e   is  i n i t i a l i z e d   in  t he   s t e p   6 3 6 .  

t h a t   i s ,   the   t i m e r   i n f o r m a t i o n   w i t h   r e s p e c t   to  the   a c t i -  

v a t i o n   p e r i o d   of  the   s p e c i f i c   t a s k   is  t r a n s f e r r e d   f r o m  

t h e   ROM  104  to  the   RAM  106.   A f t e r   the   r e s i d u a l   t i m e r   T1 

of  t he   s o f t   t i m e r   t a b l e   has  been   i n i t i a l i z e d   in  the   s t e p  

6 3 6 ,   an  a c t i v a t i o n   r e q u e s t   f o r   the   t a s k   c o r r e s p o n d i n g   t o  

t h e   s o f t   t i m e r   t a b l e   is  i s s u e d   in  a  s t e p   638 .   T h e n ,   t h e  

s o f t   t i m e r   t a b l e   is  r e n e w e d   in  the   s t e p   640 .   T h a t   i s ,  

t h e   c o n t e n t s   of  the   s o f t   t i m e r   t a b l e   is  i n c r e m e n t e d   b y  

1  ( o n e ) .   F u r t h e r   j u d g e m e n t   is  made  in  a  s t e p   642  as  t o  

w h e t h e r   a l l   the   s o f t   t i m e r s   have  been   c h e c k e d   or  n o t .  

T h a t   i s ,   s i n c e   ( n + 1 )  s o f t   t i m e r   t a b l e s   a r e   p r o v i d e d   i n  

t h i s   e m b o d i m e n t   as  s e e n   in  F i g . 3 0 ,   t he   j u d g e m e n t   i s  

c o n c l u d e d   t h a t   a l l   the   s o f t   t i m e r   t a b l e s   have   c h e c k e d  

when  the   c o n t e n t s  i   of  the   i n d e x   r e g i s t e r   is  i = n + l   a n d  

t h e   INTV  i n t e r r u p t i o n   p r o c e s s i n g   p r o g r a m   606  is  t e r -  

m i n a t e d   in  a  s t e p   644 .   when  the  j u d g e m e n t   is  c o n c l u d e d  

in  t he   s t e p   642  t h a t   not   a l l   the   s o f t   t i m e r   t a b l e s   h a s  

b e e n   c h e c k e d ,   on  the   c o n t r a r y ,   the   p r o c e s s i n g   i s  

r e t u r n e d   back  to  the  s t e p   630  so  t h a t   the   a b o v e -  



m e n t i o n e d   p r o c e s s i n g s   a r e   p e r f o r m e d .  

As  d e s c r i b e d   a b o v e ,   in  a c c o r d a n c e   w i t h   v a r i o u s  

k i n d s   of  i n t e r r u p t i o n s   a c t i v a t i o n   r e q u e s t s   f o r   s p e c i f i c  

t a s k s   c o r r e s p o n d i n g   to  t h e   i n t e r r u p t i o n s   a r e   i s s u e d   a n d  

the   s p e c i f i c   t a s k s   a r e   e x e c u t e d   in  r e s p o n s e   to  the   a c t i -  

v a t i o n   r e q u e s t s .   H o w e v e r ,   a l l   t he   t a s k s   l i s t e d   up  i n  

T a b l e   2  a re   no t   a l w a y s   e x e c u t e d ,   bu t   p i e c e s   of  t i m e  

i n f o r m a t i o n   w i t h   r e s p e c t   to  a c t r i v a t i o n   p e r i o d s   of  t h e  

r e s p e c t i v e   t a s k s   p r o v i d e d   in  the   ROM  104  a r e   s e l e c t e d   o n  

t he   b a s i s   of  the   r u n n i n g   i n f o r m a t i o n   as  to  the   e n g i n e  

and  t he   s e l e c t e d   t i m e   i n f o r m a t i o n   is  s t o r e d   in  the   RAM 

106 .   A s s u m i n g   t h a t   t he   a c t i v a t i o n   p e r i o d   of  a  g i v e n  

t a s k   i s ,   f o r   e x a m p l e   20  m s e c ,   the   t a s k   is  a c t i v a t e d   a t  

t h e   r e g u l a r   p e r i o d   of  t i m e   of  20  m s e c ,   and  if   the   a c t i -  

v a t i o n   of  t he   t a s k   is  n e c e s s a r y   to  be  c o n t i n u o u s l y  

e f f e c t e d   in  a c c o r d a n c e   w i t h   the   r u n n i n g   c o n d i t i o n   o f  

e n g i n e ,   the   s o f t   t i m e r   t a b l e   c o r r e s p o n d i n g   to  the   s p e c i -  

f i c   t a s k   is  a l w a y s   r e n e w e d   so  as  to  be  i n i t i a l i z e d .  

N e x t ,   the   s t a t u s   in  wh ich   the   a c t i v a t i o n   o f  

t a s k s   is  s t o p p e d   due  to  v a r i o u s   i n t e r r u p t i o n s   in  a c c o r -  

d a n c e   w i t h   the   r u n n i n g   c o n d i t i o n   of  t he   e n g i n e   w i l l   b e  

d e s c r i b e d   by  r e f e r r i n g   to  the   t ime   c h a r t   of  F i g . 3 l .  

Upon  the   a c t u a t i o n   of  t he   START-SW  152  ( F i g . 5 ) ,   the   CPU 

102  is  a c t u a t e d   and  "1"  i s . s e t   to  e a c h   of  s o f t w a r e   f l a g s  

IST  and  EM.  The  s o f t w a r e   f l a g   IST  is  p r o v i d e d   fo r   i n d i -  

c a t i n g   t h a t   the   e n g i n e   is  in  i t s   p r e - s t a r t i n g   s t a t e   a n d  

t he   s o f t w a r e   f l a g   EM  is  p r o v i d e d   fo r   t he   i n h i b i t i o n   o f  



ENST  i n t e r r u p t i o n .   In  a c c o r d a n c e   w i t h   t h e s e   two  f l a g s ,  

j u d g e m e n t   is  made  as  to  w h e t h e r   the  e n g i n e   is  in  i t s  

p r e - s t a r t i n g   s t a t e ,   in  i t s   s t a r t i n g   s t a t e ,   or  in  i t s  

p o s t - s t a r t i n g   s t a t e .   When  the  START-SW  152  is  a c t u a t e d  

to  t u r n   on  p o w e r ,   t he   t a s k   ADIN1  is  f i r s t   a c t i v a t e d   s o  

t h a t   the   d a t a ,   s u c h   as  the  c o o l i n g   w a t e r   t e m p e r a t u r e ,  

t h e   b a t t e r y   v o l t a g e ,   n e c e s s a r y   fo r   the   s t a r t i n g   of  t h e  

e n g i n e   a re   t a k e n   f rom  the   v a r i o u s   s e n s o r s   i n t o   the   ADC 

122  t h r o u g h   the   MPX  120 ,   and  e v e r y   t ime  a l l   t h e s e   d a t a  

have   been   s u c c e s s i v e l y   i n p u t t e d ,   the   t a s k   HOSEI,  t h a t  

i s ,   the   c o m p e n s a t i o n   t a s k ,   is  a c t i v a t e d   so  t h a t   c o m p e n -  

s a t i o n   is  c o m p u t e d   on  t he   b a s i s   of  the   i n p u t t e d   d a t a .  

F u r t h e r ,   e v e r y   t ime   a l l   the   d a t a   from  the   v a r i o u s   s e n -  

s o r s   have  been   s u c c e s s i v e l y   i n p u t t e d   to  t he   ADC  122  i n  

a c c o r d a n c e   w i t h   the   ADIN1,  the  t a s k   ISTRT  is  a c t i v a t e d  

so  t h a t   the   f u e l   i n j e c t i o n   amount   n e c e s s a r y   in  s t a r t i n g  

of  the  e n g i n e .   The  a b o v e - m e n t i o n e d   t h r e e   t a s k s ,   t h a t  

i s ,   the   t a s k   ADIN1,  t he   t a s k   HOSEI  and  the   t a s k   ISTRT 

a r e   a c t i v a t e d   in  a c c o r d a n c e   w i t h   the  i n i t i a l   p r o c e s s i n g  

p r o g r a m   2 0 2 .  

Upon  the   t u r n i n g   ON  of  the  START-SW  152,   t h e  

t h r e e   t a s k s ,   t h a t   i s ,   the   t a s k   ADIN1,  the   t a s k   HOSEI  a n d  

t he   t a s k   ISTRT  a re   a c t i v a t e d   b y - t h e   i n t e r r u p t i o n   s i g n a l  

of  the   t a s k   ISTRT.  T h a t   i s ,   t h e s e   t a s k s   have   to  be  e x e -  

c u t e d   o n l y   in  the   p e r i o d   in  which   the  START-SW  152  is  i n  

i t s   ON  s t a t e   ( in   the   p e r i o d   of  c r a n k i n g   of  the   e n g i n e ) .  

In  t h i s   p e r i o d ,   p i e c e s   of  t ime  i n f o r m a t i o n   w i t h   r e s p e c t  



to  t he   p r e d e t e r m i n e d   a c t i v a t i o n   p e r i o d s   a r e   t r a n s f e r r e d  

f rom  the   ROM  104  to  t he   s o f t   t i m e r   t a b l e s   c o r r e s p o n d i n g  

to  the   r e s p e c t i v e   t a s k s   p r o v i d e d   in  t he   RAM  1 0 6 .  

F u r t h e r ,   in  t h i s   p e r i o d ,   the   r e s i d u a l   t i m e   T1  in  t h e  

r e s p e c t i v e   s o f t   t i m e r   t a b l e   is  i n i t i a l i z e d   and  t h e  

s e t t i n g   of  a c t i v a t i o n   p e r i o d   is  r e p e a t e d l y   p e r f o r m e d .  

B e i n g   p r o v i d e d   f o r   c o m p u t i n g   the   f u e l   i n j e c t i o n   a m o u n t  

in  t he   s t a r t i n g   of  t he   e n g i n e ,   the   t a s k   MONIT  b e c o m e s  

u n n e c e s s a r y   a f t e r   t he   e n g i n e   s t a r t i n g ,   and  t h e r e f o r e  

a f t e r   the   t a s k   has   been   e x e c u t e d   p r e d e t e r m i n e d   t i m e s ,  

t h e   a c t i v a t i o n   of  t he   s o f t   t i m e r   i s   s t o p p e d   and  t a s k s  

n e c e s s a r y   in  t he   p o s t - s t a r t i n g   s t a t e   of  t he   e n g i n e   o t h e r  

t h a n   the   t a s k   MONIT  a re   a c t i v a t e d   in  r e s p o n s e   to  a  s t o p -  

p a g e   s i g n a l   p r o d u c e d   upon  the   t e r m i n a t i o n   of  t he   t a s k  

MONIT.  In  o r d e r   to  p e r f o r m   the   s t o p p a g e   of  the   t a s k   b y  

t h e   s o f t   t i m e r ,   " 0 "  i s   s t o r e d   in  t he   s o f t   t i m e r   t a b l e  

c o r r e s p o n d i n g   to  t h e   t a s k   in  r e s p o n s e   to  a  s i g n a l   i n d i -  

c a t i n g   the   t e r m i n a t i o n   of  the   t a s k   a t   t he   j u d g e m e n t  

p o i n t   of  t i m e   a t   t he   end  of  the   t a s k .   T h a t   i s ,   t h e  

s t o p p a g e   of  t a s k   is  e f f e c t e d   by  c l e a r i n g   the   c o n t e n t s   o f  

t h e   s o f t   t i m e r   c o r r e s p o n d i n g   to  t he   t a s k .   Thus   a r r a n g e -  

m e n t   is  made  s u c h   t h a t   the   s t o p p a g e   of  t a s k   a c t i v a t i o n  

can  be  s i m p l y   a t t a i n e d   by  the   s o f t   t i m e r   and  t h e r e f o r e   a  

p l u r a l i t y   of  t a s k s   h a v i n g   d i f f e r e n t   a c t i v a t i o n   p e r i o d s  

f rom  e a c h   o t h e r   can  be  c o n t r o l l e d   e f f e c t i v e l y   a n d  

r e l i a b l y .  

F i g . 3 2   shows   an  IRQ  g e n e r a t i n g   c i r c u i t .   An 



INTV  IRQ  g e n e r a t i n g   c i r c u i t   is  c o n s t i t u t e d   by  a  r e g i s t e r  

735 ,   a  c o u n t e r   736 ,   a  c o m p a r a t o r   737 ,   and  a  f l i p - f l o p  

738 ,   and  a  p e r i o d   f o r   g e n e r a t i n g   INTV  IRQ,  fo r   e x a m p l e  

10  m s e c ,   is  s e t   i n t o   the   r e g i s t e r   735.   A  c l o c k   p u l s e   i s  

s e t   i n t o   t he   c o u n t e r   736 ,   and  when  the   c o u n t   of  t h e  

c o u n t e r   736  b e c o m e s   c o i n c i d e n t   w i t h   the   c o n t e n t s   of  t h e  

r e g i s t e r   735 ,   t he   f l i p - f l o p   738  is  s e t .   In  t h i s   s e t  

s t a t e   of  the   f l i p - f l o p   738 ,   t he   c o u n t e r   736  is  c l e a r e d  

and  the   c o u n t i n g   is  r e s t a r t e d .   T h e r e f o r e ,   the   INTV  IRQ 

is  g e n e r a t e d   at   a  p r e d e t e r m i n e d   r e g u l a r   i n t e r v a l   of  t i m e  

(10  m s e c ) .   An  ENST  IRQ  g e n e r a t i n g   c i r c u i t   f o r   d e t e c t i n g  

e n g i n e   s t o p p a g e   is  c o n s t i t u t e d   by  a  r e g i s t e r   741 ,   a 

c o u n t e r   742 ,   a  c o m p a r a t o r   743 ,   and  a  f l i p - f l o p   7 4 4 .  

The  r e g i s t e r   741 ,   the   c o u n t e r   742  and  the   c o m p a r a t o r   7 4 3  

o p e r a t e   in  t he   same  m a n n e r   as  d e s c r i b e d   above   in  t h e  

INTV  IRQ  g e n e r a t i n g   c i r c u i t   so  t h a t   when  the   c o u n t   o f  

the  c o u n t e r   742  has  r e a c h e d   the   c o n t e n t s   of  the  r e g i s t e r  

741 ,   an  ENST  IRQ  is  g e n e r a t e d .   H o w e v e r ,   s i n c e   t h e  

c o u n t e r   7 4 2  i s   c l e a r e d   by  an  REF  p u l s e   g e n e r a t e d   by  a  

c r a n k   a n g l e   s e n s o r   at  a  p r e d e t e r m i n e d   i n t e r v a l   of  c r a n k  

a n g l e s   d u r i n g   the   r o t a t i o n   of  e n g i n e ,   the   c o u n t   of  t h e  

c o u n t e r   742  can  no t   r e a c h   the   c o n t e n t s   of  the  r e g i s t e r  

741  so  t h a t   no  ENST  IRQ  is  g e n e r a t e d .  

An  INTV  IRQ  g e n e r a t e d   by  the  f l i p - f l o p   7 3 8 ,  

an  ENST  IRQ  g e n e r a t e d   by  the  f l i p - f l o p   744,   and  I R Q s  

g e n e r a t e d   by  the   ADC1  and  ADC2  a re   s e t   i n t o   f l i p - f l o p s  

740,   746,   764,   and  768  r e s p e c t i v e l y .   A  s i g n a l   f o r  



g e n e r a t i n g / i n h i b i t i n g   IRQ  is   s e t   i n t o   e a c h   of  f l i p - f l o p s  

7 3 9 ,   7 4 5 ,   762 ,   and  766 .   I f   "H"  is  s e t   in  any  one  of  t h e  

f l i p - f l o p s   739 ,   7 4 5 ,   7 6 2 ,   and  766 ,   c o r r e s p o n d i n g   one  o f  

AND  g a t e s   7 4 8 ,   7 5 0 ,   7 7 0 ,   and  772  is  e n a b l e d   so  t h a t   a n  

IRQ  is  i m m e d i a t e l y   g e n e r a t e d   t h r o u g h   an  OR  g a t e   7 5 1 .  

T h u s ,   an  IRQ  can  be  g e n e r a t e d ,   i n h i b i t e d ,   or  r e l e a s e d  

f rom  i n h i b i t i o n   by  s e t t i n g   "H"  or  "L"  i n t o   t he   r e s p e c -  

t i v e   f l i p - f l o p s   739 ,   7 4 5 ,   762  and  766.   The  c a u s e   o f  

g e n e r a t i o n   of  IRQ  is  r e m o v e d   by  t a k i n g   the   c o n t e n t s   o f  

t h e   f l i p - f l o p s   740 ,   7 4 6 ,   764  and  768  i n t o   the   CPU.  

when  t he   CPU  b e g i n s   to  e x e c u t e   a  p r o g r a m   i n  

r e s p o n s e   to  an  IRQ,  i t   is  n e c e s s a r y   to  d e l e t e   t h e   IRQ 

s i g n a l   and  t h e r e f o r e   s p e c i f i c   one  of  the   f l i p - f l o p s   7 4 0 ,  

7 4 6 ,   764  and  768  c o n c e r n e d   w i t h   the   s p e c i f i c   IRQ  i s  

c l e a r e d .  



1.  A  c o n t r o l   a p p a r a t u s   f o r   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   c o m p r i s e s :  

s e n s o r   means   f o r   p r o d u c i n g   s i g n a l s   r e p r e s e n -  

t a t i v e   of  o p e r a t i n g   c o n d i t i o n s   of  s a i d   e n g i n e ;  

a c t u a t o r   means   f o r   c o n t r o l l i n g   r e s p e c t i v e  

e n e r g y   c o n v e r s i o n   f u n c t i o n s   of  s a i d   e n g i n e   in  r e s p o n s e  

to  c o n t r o l   s i g n a l s   a p p l i e d   t h e r e t o ;  

an  i n p u t / o u t p u t   u n i t   c o u p l e d   to  r e c e i v e  

s i g n a l s   p r o d u c e d   by  s a i d   s e n s o r   means   and  to  d e l i v e r  

c o n t r o l   s i g n a l s   to  s a i d   a c t u a t o r   m e a n s ;   a n d  

a  d a t a   p r o c e s s i n g   u n i t ,   c o u p l e d   to  s a i d  

i n p u t / o u t p u t   u n i t ,   f o r   c a r r y i n g   o u t   e n g i n e   c o n t r o l  

d a t a   p r o c e s s i n g   o p e r a t i o n s   in  a c c o r d a n c e   w i t h   s i g n a l s  

p r o d u c e d   by  s a i d   s e n s o r   means   and  t h e r e b y   g e n e r a t i n g  

e n g i n e   c o n t r o l   c o d e s   t h a t   a re   c o u p l e d   to  s a i d  

i n p u t / o u t p u t   u n i t ;  

s a i d   a c t u a t o r   means   i n c l u d i n g   a  f u e l   i n j e c t o r  

(12)  f o r   s u p p l y i n g   f u e l   to  s a i d   e n g i n e   in  r e s p o n s e   to  a  

c o n t r o l   s i g n a l   a p p l i e d   t h e r e t o ,  

s a i d   s e n s o r   means   i n l c u d i n g   a  t h r o t t l e   o p e n i n g  

s e n s o r   (116)   f o r   d e t e c t i n g   the  o p e n i n g   of  a  t h r o t t l e  

v a l v e ,   s a i d   d a t a   p r o c e s s i n g   u n i t   s u c c e s s i v e l y   f e t c h i n g  

o u t p u t   s i g n a l s   of  s a i d   t h r o t t l e   o p e n i n g   s e n s o r   w i t h   a 

p r e d e t e r m i n e d   i n t e r v a l   t h r o u g h   s a i d   i n p u t / o u t p u t   u n i t  

(108)   and  c a l c u l a t i n g   a  t h r o t t l e   o p e n i n g   c h a n g e   r a t e   o f  

s a i d   t h r o t t l e   v a l v e   on  the   b a s i s   of  the   o u t p u t   s i g n a l   o f  



s a i d   t h r o t t l e   o p e n i n g   s e n s o r   to   t h e r e b y   d e t e r m i n e   t h a t  

s a i d   e n g i n e   is   in  an  a c c e l e r a t i o n   s t a t e   when  the   c a l c u -  

l a t e d   t h r o t t l e   o p e n i n g   c h a n g e   r a t e   i s   p o s i t i v e ,  

s a i d   f u e l   i n j e c t o r   s u p p l y i n g   a  b a s i c   a m o u n t  

of  f u e l   to   s a i d   e n g i n e   in  a  s t e a d y   o p e r a t i o n   c o n d i t i o n  

of  s a i d   e n g i n e   and  s u p p l y i n g   a n  a d d i t o n a l   a m o u n t   o f  

f u e l   in  a d d i t o n   to  s a i d   b a s i c   a m o u n t   of  f u e l   in  r e s p o n s e  

to   t h e   c o n t r o l   s i g n a l   f rom  s a i d   i n p u t / o u t p u t   u n i t   w h e n  

an  a c c e r e l a t i o n   c o n d i t i o n   is  d e t e c t e d   by  s a i d   d a t a  

p r o c e s s i n g   u n i t ,   s a i d   a d d i t i o n a l   a m o u n t   of  f u e l   b i e n g  

d e t e r m i n e d   in  a c c o r d a n c e   w i t h   t h e   c a l c u l a t e d   t h r o t t l e  

o p e n i n g   c h a n g e   r a t e ,   w h e r e i n   s a i d   d a t a   p r o c e s s i n g   u n i t  

c a l c u l a t e s   a  c o m p e n s a t i o n   f a c t o r   of  a m o u n t   of  f u e l   i n  

a c c e l e r a t i o n   on  t h e   b a s i s   of  t h e   p r e s e n t   v a l v e   of  t h e  

c a l c u l a t e d   t h r o t t l e   o p e n i n g   c h a n g e   r a t e   and  m o d i f i e s   t h e  

c o m p e n s a t i o n   f a c t o r   in  a c c o r d a n c e   w i t h   the   o p e r a t i n g  

c o n d i t i o n   of  s a i d   e n g i n e   to  t h e r e b y   d e t e r m i n e   t h e   a m o u n t  

of  a d d i t i o n a l   f u e l   on  t he   b a s i s   of  t h e   m o d i f i e d   c o m p e n -  

s a t i o n   f a c t o r .  

2.  A  c o n t r o l   a p p a r t u s   a c c o r d i n g   to  C l a i m   1 ,  

w h e r e i n   s a i d   d a t a   p r o c e s s i n g   u n i t   i n c r e a s e s   t he   c o m p e n -  

s a t i o n   f a c t o r   when  the   o p e r a t i n g   c o n d i t i o n   of  s a i d  

e n g i n e   j u s t   b e f o r e   t he   a c c e l e r a t i o n   is   an  i d l i n g  

o p e r a t o n .  

3.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   2 ,  

w h e r e i n   s a i d   d a t a   p r o c e s s i n g   u n i t   d e t e r m i n e s   the   a m o u n t  

of  a d d i t o n a l   f u e l   i n j e c t i o n   c a l c u l a t e d   a t   the   s t a r t   o f  



a c c e l e r a t i o n   as  an  i n i t i a l   a m o u n t   of  a d d i t i o n a l   f u e l  

i n j e c t i o n ,   and  d e c r e a s e s   g r a d u a l l y   the   i n i t i a l   amoun t   o f  

a d d i t i o n a l   f u e l   i n j e c t i o n   a f t e r   the   s t a r t   of  a c c e l e r a -  

t i o n ,   the   a m o u n t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   b e i n g  

d e t e r m i n e d   on  t he   b a s i s   of  t he   d e c r e a s e d   a m o u n t   o f  

a d d i t i o n a l   f u e l   i n j e c t i o n .  

4.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   3 ,  

w h e r e i n   s a i d   d a t a   p r o c e s s i n g   u n i t   i n c l u d e s   a  c o u n t e r   t h e  

c o n t e n t   t h e r e o f   b e i n g   d e t e r m i n e d   in  a c c o r d a n c e   w i t h   t h e  

i n i t i a l   v a l u e   of  t he   t h r o t t l e   o p e n i n g   c h a n g e   r a t e   at   t h e  

s t a r t   of  a c c e l e r a t i o n ,   t he   c o n t e n t   of  s a i d   c o u n t e r   i s  

d e c r e m e n t e d   one  by  one  w i t h   a  l a p s e   of  t ime   a f t e r   t h e  

s t a r t   of  the   a c c e l e r a t i o n ,   and  t he   amoun t   of  the   a d d i -  

t i o n a l   f u e l   i n j e c t i o n   is  d e t e r m i n e d   in  a c c o r d a n c e   w i t h  

the   c o n t e n t   of  the   c o u n t e r .  

5.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   1 ,  

w h e r e i n   s a i d   d a t a   p r o c e s s i n g   u n i t   m o d i f i e s   s a i d   c o m p e n -  

s a t i o n   f a c t o r   in  a c c o r d a n c e   w i t h   the   r o t a t i o n a l   s p e e d   o f  

s a i d   e n g i n e .  

6.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   5 ,  

w h e r e i n   s a i d   c o m p e n s a t i n   f a c t o r   is  m o d i f i e d   in  a  m a n n e r  

t h a t   the   amoun t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   i s  

i n c r e a s e d   w i t h   the   d e c r e a s e   of  t he   e n g i n e   r o t a t i o n a l  

s p e e d .  

7.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   1 ,  

w h e r e i n   s a i d   d a t a   p r o c e s s i n g   u n i t   m o d i f i e s   s a i d   c o m p e n -  

s a t i o n   f a c t o r   in  a c c o r d a n c e   w i t h   the   load   of  s a i d  

e n g i n e .  



8.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   7 ,  

w h e r e i n   s a i d   c o m p e n s a t i o n   f a c t o r   i s   m o d i f i e d   in  a  m a n n e r  

t h a t   t he   a m o u n t   of  a d d i t i o n a l   f u e l   i n j e c t i o n   i s  

i n c r e a s e d   w i t h   t h e   d e c r e a s e   of  t h e   l o a d .  

9.  A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to   C l a i m   8 ,  

w h e r e i n   s a i d   l o a d   is   d e t e c t e d   on  t h e   b a s i s   of  a  n e g a t i v e  

p r e s s u r e   a t   t h e   t h r o t t l e   v a l v e .  

10.   A  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C l a i m   1 ,  

w h e r e i n   s a i d   a d d i t i o n a l   f u e l   i n j e c t i o n   is   p e r f o r m e d   o n c e  

f o r   one  a c c e l e r a t i o n   when  t h e   t h r o t t l e   o p e n i n g   c h a n g e  

r a t e   is   l a r g e r   t h a n   z e r o   bu t   l e s s   t h a n   a  p r e d e t e r m i n e d  

v a l u e .  
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