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(54)  Sheet  transportation  device  having  self-repair  function 

(57)  A  sheet  transportation  device  is  provided  which 
has  a  self-repair  function  and  is  capable  of  performing 
functional  maintenance  for  sheet  transportation.  The 
sheet  transportation  device  includes  a  plurality  of  trans- 
portation-related  units  (8)  disposed  in  a  predetermined 
order  to  define  a  transportation  path  (7)  and  each  having 
a  function  of  autonomously  performing  a  sheet  transpor- 
tation-related  operation  on  the  basis  of  a  control  se- 
quence  applied  thereto.  Predetermined  physical  quan- 
tities  concerning  the  respective  transportation-related 
units  (8)  are  sensed  and  the  sensed  physical  quantities 

are  stored  as  those  indicative  of  the  states  of  the  trans- 
portation-related  units  (8).  If  any  of  the  states  of  the 
transportation-related  units  (8)  thus  stored  corresponds 
to  a  particular  state,  e.g.,  a  faulty  state,  a  control  se- 
quence  is  prepared  by  utilizing  the  states  of  the  trans- 
portation-related  units  (8)  and  knowledge  information 
concerning  a  sheet  and  the  transportation  path  (7).  The 
control  sequence  prepared  in  consideration  of  the  states 
of  the  transportation-related  units  (8)  is  applied  to  the 
transportation-related  units  (8)  for  implementation  of  a 
self-repair  function. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  sheet  transporta- 
tion  device  having  a  self-repair  function. 

Description  of  the  Related  Art 

In  recent  years,  a  research  and  development  has 
been  conducted  on  image  forming  apparatuses  which 
have  self  -diagnosis  and  self-repair  functions  utilizing  ar- 
tificial  intelligence  (Al)  for  maintenance  automation 
thereof. 

With  the  aim  of  improving  the  quality  of  a  finally  ob- 
tained  image,  an  image  forming  apparatus  of  this  type 
usually  has  self-diagnosis  and  self-repair  functions  nec- 
essary  for  the  image  quality  improvement  (see  Japa- 
nese  Unexamined  Patent  Publication(KOKAI)  No. 
4-130331  (1992),  for  example).  More  specifically,  the 
state  of  an  image  is  automatically  sensed  and,  if  the  im- 
age  is  fogged  or  faint,  a  diagnosis  is  made  on  the  cause 
or  the  fault  of  such  a  defective  image  to  self-repair  the 
fault. 

In  terms  of  the  maintenance  of  the  overall  image 
forming  apparatus,  however,  the  prior  art  is  not  satisfac- 
tory  which  deals  only  with  the  maintenance  for  the  im- 
provement  of  the  image  quality.  Therefore,  it  is  a  signif- 
icant  subject  to  cover  a  wider  range  of  objective  func- 
tions  for  maintenance  thereof. 

In  an  image  forming  apparatus,  there  may  occur 
such  inconveniences  that  the  image  formation  is  not 
successfully  achieved  due  to  a  jammed  sheet  or,  even 
if  the  image  formation  is  achieved,  a  sheet  formed  with 
an  image  is  not  outputted.  In  such  a  case,  the  operation 
is  interrupted,  and  a  troublesome  operation  is  required 
for  removing  the  sheet  stopping  in  the  midst  of  a  sheet 
transportation  path.  This  is  a  burden  to  users.  Therefore, 
there  is  a  strong  demand  to  realize  functional  mainte- 
nance  for  sheet  transportation. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  foregoing,  it  is  an  object  of  the  present 
invention  to  provide  a  sheet  transportation  device  which 
has  a  self-repair  function  and  is  capable  of  performing 
functional  maintenance  for  sheet  transportation. 

It  is  a  more  specific  object  of  the  present  invention 
to  provide  a  sheet  transportation  device  which  has  a 
self-repair  function  and  is  capable  of  performing  a  fault 
diagnosis  and  self-repair  to  take  preventive  measures 
for  functional  maintenance  at  a  stage  where  there  is  a 
possibility  to  cause  a  fault  such  as  a  sheet  jam  and, 
when  such  a  fault  occurs,  performing  a  fault  diagnosis 
and  self-repair  to  take  countermeasures  against  the 
fault  for  functional  maintenance. 

A  sheet  transportation  device  of  the  present  inven- 
tion  includes  a  plurality  of  transportation-related  units 
which  are  disposed  in  a  predetermined  order  to  define 
a  transportation  path,  and  each  of  the  units  has  a  func- 

5  tion  of  autonomously  performing  a  sheet  transportation- 
related  operation  on  the  basis  of  a  control  sequence  ap- 
plied  thereto.  Predetermined  physical  quantities  con- 
cerning  the  transportation-related  units  are  sensed,  and 
the  sensed  physical  quantities  are  stored  as  those  in- 

fo  dicative  of  the  states  of  the  transportation-related  units. 
If  any  of  the  states  of  the  transportation-related  units 
thus  stored  corresponds  to  a  particular  state,  e.g.,  a 
faulty  state,  a  control  sequence  is  prepared  by  utilizing 
the  states  of  the  transportation-related  units  and  knowl- 

15  edge  information  concerning  a  sheet  and  the  transpor- 
tation  path.  The  control  sequence  prepared  in  consider- 
ation  of  the  states  of  the  transportation-related  units  is 
applied  to  the  transportation-related  units  for  implemen- 
tation  of  a  self-repair  function. 

20  Therefore,  even  when  a  fault  occurs  in  a  given 
transportation-related  unit  or  when  the  configuration  of 
a  given  transportation-related  unit  is  changed  on  a  hard- 
ware  basis  or  on  a  software  basis,  the  respective  trans- 
portation-related  units  can  each  perform  an  operation  to 

25  cope  with  such  an  event.  Thus,  the  functional  mainte- 
nance  of  a  sheet  feeding  and  transporting  system  can 
be  achieved. 

In  accordance  with  one  embodiment  of  the  present 
invention,  a  diagnosis  is  made  to  determine  whether  any 

30  of  the  states  of  the  transportation-related  units  corre- 
sponds  to  the  particular  state.  If  the  diagnostic  result  in- 
dicates  that  any  of  the  states  of  the  transportation-relat- 
ed  units  corresponds  to  the  particular  state,  a  control 
sequence  is  formulated.  Then,  it  is  judged  whether  or 

35  not  the  formulated  control  sequence  is  suitable  by  per- 
forming  a  simulation  on  the  basis  of  knowledge  informa- 
tion  concerning  the  sheet  and  the  transportation  path.  If 
a  state  where  an  unidentified  fault  occurs  is  defined  as 
the  particular  state,  a  control  sequence  can  be  prepared 

40  which  effectively  functions  to  cope  with  the  unidentified 
fault. 

Where  the  validity  of  the  control  sequence  is  eval- 
uated  by  actually  operating  the  transportation-related 
units,  the  control  sequence  may,  if  invalid,  induce  an- 

45  other  fault  in  the  transportation-related  units.  In  accord- 
ance  with  the  present  invention,  on  the  other  hand,  the 
validity  of  the  control  sequence  is  evaluated  by  the  sim- 
ulation  so  that  such  an  inconvenience  can  be  avoided. 
Since  the  validity  evaluation  of  the  control  sequence  is 

so  based  on  the  simulation,  it  is  possible  to  prepare  a  con- 
trol  sequence  which  can  effectively  cope  with  an  uniden- 
tified  fault.  Further,  only  a  valid  control  sequence  is  ap- 
plied  to  the  transportation-related  units  so  that  the  units 
can  operate  in  accordance  with  the  current  state  of  the 

55  unit.  Thus,  the  functional  maintenance  of  the  sheet  feed- 
ing  and  transporting  system  can  be  ensured. 

In  accordance  with  an  embodiment  of  the  present 
invention,  the  prepared  control  sequence  is  divided  on 
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a  task  basis  for  the  respective  transportation-related 
units,  and  the  resulting  control  sequence  segments  are 
allocated  to  the  respective  transportation-related  units. 
Since  only  necessary  ones  of  the  control  sequence  seg- 
ments  can  be  applied  to  the  corresponding  transporta- 
tion-related  units,  the  transportation-related  units  can 
efficiently  operate. 

The  invention  is  described  further  hereinafter,  by 
way  of  example  only,  with  reference  to  the  accompany- 
ing  drawings,  in  which:- 

Fig.  1  is  a  diagram  illustrating  the  internal  construc- 
tion  of  a  copying  machine  to  which  one  embodiment 
of  the  present  invention  is  applied,  the  diagram 
schematically  illustrating  only  major  portions  there- 
of  relevant  to  the  invention; 
Fig.  2  is  a  schematic  diagram  illustrating  the  internal 
construction  of  a  transportation-related  unit; 
Fig.  3  is  a  functional  block  diagram  illustrating  the 
configuration  of  the  copying  machine  relevant  to  the 
present  invention; 
Fig.  4  is  a  diagram  for  explaining  a  sheet  path  model 
stored  in  a  knowledge  base; 
Fig.  5  is  a  diagram  for  explaining  the  sheet  path 
model  stored  in  the  knowledge  base; 
Fig.  6  is  a  diagram  for  explaining  the  sheet  path 
model  stored  in  the  knowledge  base; 
Fig.  7  is  a  diagram  for  explaining  a  sensor  model 
stored  in  the  knowledge  base; 
Fig.  8  is  a  diagram  for  explaining  the  sensor  model 
stored  in  the  knowledge  base; 
Fig.  9  is  a  diagram  for  explaining  a  sheet  model 
stored  in  the  knowledge  base; 
Figs.  10A  and  10B  are  diagrams  for  explaining  the 
sheet  model  stored  in  the  knowledge  base; 
Fig.  11  is  a  diagram  for  explaining  the  state  of  the 
sheet  model  where  a  point  is  set  in  a  driving  mode; 
Fig.  12  is  a  diagram  for  explaining  the  relationship 
between  a  lower  point  and  an  upper  point; 
Fig.  1  3  is  a  diagram  for  explaining  a  state  to  be  pos- 
sibly  assumed  by  an  interval; 
Fig.  14  is  a  diagram  illustrating  the  relationship  be- 
tween  a  real  speed  at  a  point  and  the  state  of  an 
interval; 
Figs.  15A  to  15D  are  diagrams  for  explaining  a 
method  for  representing  a  sheet  path  model  and  a 
sheet  model  which  are  required  for  formulation  of  a 
control  sequence; 
Figs.  1  6A  and  1  6B  are  diagrams  for  explaining  qual- 
itative  specifications  for  the  formulation  of  the  con- 
trol  sequence; 
Figs.  1  7A  and  1  7B  are  diagrams  illustrating  a  sheet 
path  model  and  a  sheet  model  for  explaining  a  zone 
shift  sequence  preparation  process  to  be  carried 
out  as  part  of  the  formulation  of  the  control  se- 
quence; 
Figs.  18A  and  18B  are  diagrams  for  explaining  the 
qualitative  specifications  for  the  preparation  of  the 

zone  shift  sequence; 
Figs.  1  9A  and  1  9B  are  diagrams  for  explaining  the 
preparation  of  the  zone  shift  sequence  more  spe- 
cifically; 

5  Figs.  20A  and  20B  are  diagrams  for  explaining  the 
preparation  of  the  zone  shift  sequence; 
Fig.  21  is  a  diagram  for  explaining  the  prepared 
zone  shift  sequence  in  conjunction  with  the  sheet 
path  model; 

10  Figs.  22A  and  22B  are  diagrams  illustrating  a  sheet 
path  model  and  a  sheet  model  for  explaining  the  for- 
mulation  of  the  control  sequence  after  the  prepara- 
tion  of  the  zone  shift  sequence; 
Figs.  23A  and  23B  are  diagrams  illustrating  qualita- 

15  tive  specifications  for  explaining  the  formulation  of 
the  control  sequence  after  the  preparation  of  the 
zone  shift  sequence; 
Fig.  24  is  a  diagram  illustrating  the  zone  shift  se- 
quence  for  explaining  the  formulation  of  the  control 

20  sequence  after  the  preparation  of  the  zone  shift  se- 
quence;  and 
Figs.  25A  to  25E  are  diagrams  for  explaining  the 
formulation  of  the  control  sequence  after  the  prep- 
aration  of  the  zone  shift  sequence. 

25 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

1  .  Construction  of  Copying  Machine  according  to  the 
30  Present  Invention 

Fig.  1  is  a  conceptual  diagram  illustrating  the  con- 
struction  of  a  copying  machine  to  which  one  embodi- 
ment  of  the  present  invention  is  applied.  In  Fig.  1,  only 

35  major  portions  thereof  relevant  to  the  invention  are 
shown.  The  copying  machine  is  adapted  to  automatical- 
ly  perform  diagnostics  to  determine  whether  or  not  a 
faulty  event  occurs  and,  if  it  is  determined  that  such  a 
faulty  event  occurs,  perform  a  repair  operation.  Exem- 

40  plary  faulty  events  include  breakage  of  transportation- 
related  units  to  be  described  later,  remarkable  deterio- 
ration  of  functions  of  the  transportation-related  units  and 
a  sheet  jam. 

The  exterior  of  the  copying  machine  is  defined  by  a 
45  copying  machine  body  1  .  A  sheet  feeding  cassette  2  ac- 

commodating  copy  sheets  is  detachably  attached  to  one 
side  of  the  copying  machine  body  1  .  A  sheet  discharge 
tray  3  for  receiving  copied  sheets  is  detachably  attached 
to  the  other  side  of  the  copying  machine  body  1  . 

so  Within  the  copying  machine  body  1  are  provided  a 
sheet  supply  unit  4  for  taking  in  a  copy  sheet  accommo- 
dated  in  the  sheet  feeding  cassette  2,  a  plurality  of  sheet 
transportation  units  5  for  transporting  the  copy  sheet  in- 
troduced  by  the  sheet  supply  unit  4,  a  sheet  discharge 

55  unit  6  for  discharging  the  sheet  transported  by  the  sheet 
transportation  units  5  to  the  sheet  discharge  tray  3, 
which  are  disposed  in  this  order  along  a  transportation 
path  7.  In  the  following  description,  the  sheet  supply  unit 
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4,  the  sheet  transportation  units  5  and  the  sheet  dis- 
charge  unit  6  are  referred  to  generally  as  "transporta- 
tion-related  units  8". 

The  transportation-related  units  8  are  each  provid- 
ed  with  a  plurality  of  sensors  9  for  sensing  the  current  s 
states  of  the  transportation-related  units  8.  The  outputs 
S1,  S2,..,  Sn-1,  Sn  of  the  sensors  9  are  applied  to  a 
system  body  10. 

The  system  body  10  applies  a  control  sequence  to 
the  transportation-related  units  8  on  the  basis  of  the  out-  10 
puts  of  the  sensors  9  to  control  the  operations  of  the 
transportation-related  units  8.  More  specifically,  the  sys- 
tem  body  1  0  performs  diagnostics  on  the  current  states 
of  the  transportation-related  units  8  on  the  basis  of  the 
outputs  of  the  sensors  9.  If  it  is  determined  that  any  of  15 
the  transportation-related  units  8  is  broken,  that  the 
function  of  any  of  the  transportation-related  units  8  is 
deteriorated,  that  there  is  a  possibility  to  cause  a  sheet 
jam  or  that  a  sheet  jam  has  occurred,  the  system  body 
1  0  applies  to  the  transportation-related  units  8  a  control  20 
sequence  for  the  repair  of  such  a  fault.  The  transporta- 
tion-related  units  8  which  have  received  the  control  se- 
quence  operate  in  strict  conformity  with  the  control  se- 
quence. 

It  is  noted  that  the  copying  machine  herein  em-  25 
ployed  is  such  that  the  sheet  feeding  cassette  2  and  the 
sheet  discharge  tray  3  are  attached  to  the  right  side  and 
the  left  side,  respectively,  of  the  copying  machine  body 
1  and  the  transportation  path  7  is  provided  along  a  line 
extending  from  the  right  to  the  left  as  shown  in  Fig.  1.  30 
The  present  invention,  however,  is  applicable,  for  exam- 
ple,  to  a  copying  machine  in  which  the  sheet  feeding 
cassette  2  is  provided  in  a  lower  portion  thereof,  the 
sheet  discharge  tray  3  is  provided  within  the  copying 
machine  body  1  thereof  and  the  transportation  path  7  is  35 
not  linear.  The  present  invention  can  readily  be  applied 
to  any  variations  of  the  sheet  transportation  system  hav- 
ing  transportation-related  units  8  of  different  configura- 
tions  or  different  numbers. 

40 
2.  Configurations  of  Transportation-Related  Units 

Fig.  2  is  a  conceptual  diagram  illustrating  the  inter- 
nal  construction  of  each  of  the  transportation-related 
units  8.  The  transportation-related  units  8  each  have  a  45 
pair  of  rollers  11  for  applying  a  transportation  force  to  a 
copy  sheet.  A  driving  force  of  a  motor  12  is  transmitted 
to  a  shaft  of  one  of  the  rollers  via  a  clutch  81  .  The  rotation 
speed  and  direction  of  the  motor  12  are  controlled  by  a 
control  section  13.  The  control  section  13  controls  the  so 
operating  conditions  of  the  transportation-related  unit  8 
such  as  the  rotation  speed  and  direction  of  the  motor  1  2 
and  the  biasing  condition  of  the  rollers  11  .  The  control- 
ling  operation  is  independently  performed  for  each  of  the 
transportation-related  units  8,  which  will  be  described  55 
later.  More  specifically,  the  respective  transportation-re- 
lated  units  8  independently  operate  so  that  the  copy 
sheet  is  transported  from  one  transportation-related  unit 

8  to  another  transportation-related  unit  8. 
The  control  sequence  from  the  system  body  10  is 

applied  to  the  control  section  1  3.  The  control  section  1  3 
interprets  the  control  sequence  to  control  the  rotation 
speed  and  direction  of  the  motor  1  2  and  the  state  of  the 
rollers  11  . 

Thus,  the  control  sequence  applied  from  the  system 
body  10  is  interpreted  to  achieve  the  control  of  the  ro- 
tating  and  biasing  conditions  of  the  rollers  in  the  trans- 
portation-related  unit  8.  In  addition  to  the  control  of  the 
rotating  and  biasing  conditions  of  the  rollers,  the  trans- 
portation-related  unit  8  autonomously  performs  a  fault 
repairing  operation.  Therefore,  even  if  the  configuration 
of  the  transportation-related  unit  8  is  modified  on  a  soft- 
ware  basis  or  on  a  hardware  basis,  it  is  not  necessary 
to  change  the  basic  functional  configuration  of  the  sys- 
tem  body  11,  thereby  enabling  the  transportation-relat- 
ed  unit  8  to  flexibly  accommodate  the  modification  of  the 
unit. 

The  number  of  the  sensors  9  provided  in  associa- 
tion  with  the  transportation-related  unit  8  corresponds 
to  the  number  of  items  to  be  sensed.  For  example,  the 
sensors  9  sense  whether  or  not  a  copy  sheet  is  present 
at  the  entry  and  the  exit  of  the  rollers  and  whether  or  not 
the  rollers  smoothly  rotate.  Further,  the  sensors  9  sense 
the  biasing  state  of  the  rollers  11,  the  amperage  of  the 
motor  12  and  the  like.  The  sensors  apply  signals  indic- 
ative  of  the  sensed  states  to  the  system  body  10. 

Although  the  pair  of  rollers  11  are  herein  employed 
as  an  actuator  in  the  transportation-related  unit  8,  a 
transportation  belt  may  be  employed  as  the  actuator 
which  is  capable  of  performing  the  sheet  feeding  oper- 
ation,  the  sheet  transporting  operation  and  the  sheet 
discharging  operation. 

3.  Overall  Construction  Relating  to  System  Body 

Fig.  3  is  a  functional  block  diagram  illustrating  the 
internal  constructions  of  the  transportation-related  units 
8  and  the  system  body  10.  The  system  body  10  has  a 
control  data  management  section  20.  The  control  data 
management  section  20  writes  information  concerning 
the  respective  transportation-related  units  8  into  a  data 
table  21  in  a  predetermined  updating  cycle  on  the  basis 
of  the  signals  from  the  sensors  9.  More  specifically,  the 
states  (STATE)  of  the  respective  transportation-related 
units  8  and  sheet  speeds  (PAPER  SPEED)  at  the  re- 
spective  transportation-related  units  8  are  written  in  the 
data  table  21.  Therefore,  the  data  table  21  retains  the 
current  (latest)  states  of  the  respective  transportation- 
related  units  8. 

In  this  embodiment,  the  data  table  21  and  a  knowl- 
edge  base  to  be  described  later  correspond  to  the  state 
storage  means. 

The  system  body  10  has  an  evaluation  section  22. 
The  evaluation  section  22  performs  diagnostics  on  the 
current  state  of  each  of  the  transportation-related  units 
8  on  the  basis  of  the  information  on  the  transportation- 

4 
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related  units  8  written  in  the  data  table  21  .  More  specif- 
ically,  the  evaluation  section  22  determines  whether  or 
not  any  of  the  transportation-related  units  8  is  broken, 
whether  or  not  the  function  of  any  of  the  transportation- 
related  units  8  is  deteriorated,  whether  or  not  there  is  a 
possibility  to  cause  a  sheet  jam,  and  whether  or  not  a 
sheet  jam  has  occurred. 

If  the  diagnostic  result  indicates  that  there  is  a  pos- 
sibility  to  cause  a  fault  or  that  a  fault  has  occurred  (NO 
GOOD),  the  evaluation  section  22  requests  a  sequence 
formulation  section  23  to  formulate  a  control  sequence 
for  repair  of  the  fault. 

In  response  to  the  request  of  the  formulation  of  the 
control  sequence  from  the  evaluation  section  22,  the  se- 
quence  formulation  section  23  performs  a  control  se- 
quence  formulation  operation.  At  this  time,  the  se- 
quence  formulation  section  23  refers  to  the  knowledge 
information  written  in  the  knowledge  base  24  in  the  sys- 
tem  body  10. 

The  knowledge  base  24  will  briefly  be  explained. 
The  knowledge  base  24  functions  as  the  knowledge 
storage  means,  and  stores  therein  virtual  models  as 
knowledge  information  required  forthe  fault  repair.  More 
specifically,  the  knowledge  base  24  stores  therein  a 
sheet  path  model,  a  unit  model,  a  sheet  model,  a  trans- 
portation  path  model  and  a  sensor  model.  Among  those, 
the  sheet  path  model,  the  sheet  model,  the  transporta- 
tion  path  model  and  the  sensor  model  are  preliminarily 
defined.  These  models  will  be  described  in  greater  detail 
later. 

The  unit  model  is  knowledge  information  corre- 
sponding  to  a  difference  between  a  state  of  the  trans- 
portation-related  unit  8  expected  by  the  system  body  1  0 
and  an  actual  state  of  the  transportation-related  unit  8 
(e.g.,  deterioration  of  a  component  (rollers  and  the  like) 
in  the  transportation-related  unit  8).  The  unit  model  is 
constantly  updated  on  the  basis  of  data  read  out  of  the 
data  table  21  by  a  state  derivation  section  25.  In  other 
words,  the  unit  model  is  information  indicative  of  a  time- 
related  change  in  the  behavior  of  the  transportation-re- 
lated  unit  8. 

More  specifically,  the  state  derivation  section  25  re- 
ceives  information  on  an  ideal  behavior  of  a  control  se- 
quence  presently  executed  by  the  transportation-relat- 
ed  unit  8  from  the  simulation  section  26.  The  state  der- 
ivation  section  25  determines  a  difference  between  the 
actual  behavior  information  on  the  transportation-relat- 
ed  unit  8  written  in  the  data  table  21  and  the  ideal  be- 
havior  information,  and  writes  information  indicative  of 
the  difference  as  a  unit  model  into  the  knowledge  base 
24. 

The  sequence  formulation  section  23  formulates  a 
control  sequence  by  using  the  knowledge  information 
including  the  unit  model.  Thus,  the  current  state  of  the 
transportation-related  unit  8  can  be  taken  into  consider- 
ation  for  the  formulation  of  the  control  sequence. 

The  control  sequence  formulated  by  the  sequence 
formulation  section  23  is  a  rough  one  which  corresponds 

to  a  skeletal  control  sequence.  Therefore,  the  control  se- 
quence  is  subjected  to  a  transportation  simulation  which 
will  be  described  later  to  provide  an  ultimate  control  se- 
quence. 

5  In  addition  to  the  request  from  the  evaluation  sec- 
tion  22,  the  sequence  formulation  section  23  receives  a 
request  for  the  formulation  of  a  control  sequence  from 
the  outside  when  control  specifications  such  as  a  copy 
speed  and  a  transportation  procedure  are  changed.  In 

10  such  a  case,  the  sequence  formulation  section  23  for- 
mulates  a  control  sequence  in  the  same  manner  as  de- 
scribed  above. 

The  control  sequence  formulated  by  the  sequence 
formulation  section  23  is  applied  to  the  simulation  sec- 

15  tion  26. 
The  simulation  section  26  simulates  a  sheet  trans- 

portation  operation  in  a  virtual  manner  on  the  basis  of 
the  control  sequence  applied  from  the  sequence  formu- 
lation  section  23.  More  specifically,  the  simulation  sec- 

20  tion  26  specifies  a  transportation  path  and  a  sheet  in  a 
virtual  manner  on  the  basis  of  the  sheet  path  model  and 
the  sheet  model  written  in  the  knowledge  base  24,  and 
transports  a  virtual  sheet  along  a  virtual  transportation 
path  on  the  basis  of  the  applied  control  sequence.  At 

25  this  time,  the  behavior  of  the  virtual  sheet  is  recognized 
by  the  simulation  section  26.  Further,  the  simulation  sec- 
tion  26  obtains  quantitative  information  such  as  PAPER 
SPEED  and  the  like  at  the  transportation-related  unit  8, 
and  reflects  the  quantitative  information  to  the  formula- 

30  tion  of  the  control  sequence.  Thus,  the  formulation  of 
the  control  sequence  is  completed. 

The  result  of  the  transportation  simulation  per- 
formed  in  the  simulation  section  26  is  applied  to  the  eval- 
uation  section  22.  The  evaluation  section  22  determines 

35  on  the  basis  of  the  simulation  result  applied  from  the 
simulation  section  26  whether  or  not  the  control  se- 
quence  formulated  by  the  sequence  formulation  section 
23  is  valid. 

If  the  evaluation  result  indicates  that  it  is  impossible 
40  to  properly  perform  the  sheet  transporting  operation  on 

the  basis  of  the  formulated  control  sequence  and  to  re- 
pair  the  fault  (NO  GOOD),  the  evaluation  section  22  re- 
quests  the  sequence  formulation  section  23  again  to  for- 
mulate  a  control  sequence.  If  it  is  judged  that  the  sheet 

45  transporting  operation  can  properly  be  performed  on  the 
basis  of  the  formulated  control  sequence  for  the  fault 
repair  (GOOD),  the  control  sequence  is  applied  to  a  di- 
viding  section  27. 

In  this  embodiment,  the  evaluation  section  22  and 
so  the  sequence  formulation  section  23  correspond  to  the 

diagnosis  means  and  the  formulation  means,  respec- 
tively.  The  simulation  section  26  and  the  evaluation  sec- 
tion  22  correspond  to  the  judgment  means,  and  a  com- 
bination  of  the  evaluation  section  22,  the  sequence  for- 

55  mulation  section  23  and  the  simulation  section  26  cor- 
responds  to  the  sequence  generation  means. 

The  dividing  section  27  divides  the  applied  control 
sequence  on  a  task  basis,  and  the  resulting  control  se- 
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quence  segments  are  respectively  applied  to  the  corre- 
sponding  transportation-related  units  8.  More  specifical- 
ly,  since  the  control  sequence  is  a  time-series  program, 
it  is  predicted  that  plural  transportation-related  units  8 
are  involved  in  the  execution  of  the  control  sequence. 
Therefore,  the  control  sequence  segments  are  properly 
allocated  to  the  transportation-related  units  8  responsi- 
ble  for  the  execution  of  the  control  sequence. 

Briefly,  the  system  body  10  constantly  monitors  the 
overall  sheet  transportation  system  comprised  of  the 
plurality  of  transportation-related  units  8  and,  if  there  is 
a  possibility  to  cause  a  transportation  failure  such  as  the 
slow-down  of  a  sheet  speed  or  a  sheet  jam  or  if  such  a 
transportation  failure  occurs,  the  system  body  10  newly 
generates  an  improved  control  sequence  for  mainte- 
nance  of  the  overall  transportation  system  which  is  ap- 
plied  to  the  transportation-related  units  8. 

The  control  section  1  3  of  the  transportation-related 
unit  8  has  a  interpretation  section  28.  The  interpretation 
section  28  interprets  the  control  sequence  applied  from 
the  system  body  10  and  applies  the  interpreted  control 
sequence  to  a  controllable  self-repair  section  29. 

The  controllable  self-repair  section  29  includes  a 
sequence  execution  section  30.  The  sequence  execu- 
tion  section  30  receives  the  control  sequence  applied 
from  the  interpretation  section  28.  The  sequence  exe- 
cution  section  30  controls  the  rotation  speed  and  direc- 
tion  of  the  motor  1  2  (see  Fig.  2)  and  the  biasing  state  of 
the  rollers  1  1  in  strict  conformity  with  the  applied  control 
sequence. 

The  controllable  self-repair  section  29  further  in- 
cludes  an  autonomous  operation  section  31  which 
serves  to  perform  a  repairing  operation  on  the  basis  of 
its  original  program.  The  autonomous  operation  section 
31  performs  diagnostics  on  a  fault  independently  of  the 
control  sequence  applied  from  the  system  body  1  0,  and 
performs  a  repairing  operation  on  the  fault.  More  spe- 
cifically,  the  autonomous  operation  section  31  performs 
diagnostics  on  a  fault  such  as  an  erroneous  operation 
due  to  the  aging  of  a  component  or  an  external  interfer- 
ence,  and  repairs  the  fault. 

Thus,  when  it  is  judged  that  there  is  a  possibility  to 
cause  a  fault  or  that  a  fault  has  occurred,  the  control 
sequence  is  formulated  in  consideration  of  the  current 
states  of  the  transportation-related  units  8,  and  the 
transportaion-related  units  8  operate  on  the  basis  of  the 
control  sequence.  Therefore,  a  dynamic  repairing  oper- 
ation  can  be  performed  for  the  repair  of  the  fault.  This 
ensures  the  functional  maintenance  for  the  sheet  feed- 
ing  and  transporting  system. 

Since  the  validity  of  the  approach  to  the  fault  repair 
(control  sequence)  is  evaluated  not  by  actually  perform- 
ing  a  sheet  transportation  operation,  but  by  performing 
the  sheet  transportation  simulation,  the  fault  repair  can 
be  achieved  without  interrupting  the  operations  of  the 
copying  machine. 

Further,  the  validity  evaluation  of  the  repair  ap- 
proach  by  the  transportation  simulation  enables  the  cop- 

ying  machine  to  perform  a  flexible  repair  operation  on 
an  unidentified  fault. 

4.  Method  for  Formulation  of  Control  Sequence 
5 

The  formulation  of  the  control  sequence  will  here- 
inafter  be  described  in  greater  detail.  First,  an  explana- 
tion  will  be  given  to  the  knowledge  information  written 
in  the  knowledge  base  24.  The  knowledge  information 

10  is  indispensable  for  the  formulation  of  the  control  se- 
quence. 

4-1.  Knowledge  Information 

is  4-1-1.  Sheet  Path  Model 

Figs.  4  to  6  are  diagrams  for  explaining  the  sheet 
path  model.  The  sheet  path  model  is  represented  as  a 
quantitative  map  drawn  in  an  x-y  plane,  and  particular 

20  points  on  the  map  are  each  described  by  coordinates  in 
the  x-y  plane  and  the  like. 

More  specifically,  the  transportation  path  7  (see  Fig. 
1  )  is  represented  as  a  line  as  shown  in  Fig.  4.  The  trans- 
portation-related  units  8  disposed  along  the  transporta- 

25  tion  path  7  are  respectively  represented  as  unit  address- 
es  on  the  line  in  accordance  with  the  actual  positions 
thereof.  Further,  the  sensors  9  disposed  along  the  trans- 
portation  path  7  are  respectively  represented  as  sensor 
addresses  on  the  line  in  accordance  with  the  actual  po- 

30  sitions  thereof.  In  the  sheet  path  model,  the  location  and 
address  of  one  sensor  are  shown  just  for  illustration. 
Each  line  linking  two  adjacent  unit  addresses  is  herein 
referred  to  as  "bridge". 

The  unit  addresses,  the  sensor  address  and  the 
35  bridges  thus  represented  are  described  as  shown  in  Fig. 

5.  More  specifically,  the  unit  addresses  are  each  de- 
scribed  by  coordinates  in  the  x-y  plane  and  the  status 
thereof.  For  example,  "Paper  Supply  Unit"  means  that 
the  sheet  supply  unit  4  is  incorporated,  and  "Paper  Feed 

40  Unit"  means  that  the  sheet  transportation  unit  6  is  incor- 
porated.  "No  Unit"  means  that  no  unit  is  incorporated. 

Similarly,  the  sensor  address  is  described  by  coor- 
dinates  in  the  x-y  plane  and  the  status  thereof.  More 
specifically,  the  status  of  the  sensor  address  indicates 

45  whether  or  not  a  sensor  9  is  incorporated  and,  if  the  sen- 
sor  9  is  incorporated,  the  status  indicates  the  type  of  the 
incorporated  sensor  9. 

The  bridges  are  described  in  a  manner  different 
from  the  unit  addresses  and  the  sensor  address.  More 

so  specifically,  the  bridges  are  each  described  by  connec- 
tion  points  linked  by  the  bridge,  a  connection  form  and 
the  height  of  the  bridge.  The  connection  points  each 
mean  a  unit  address.  The  connection  form  means 
whether  the  bridge  is  linear  or  curved.  The  height  means 

55  a  bridge  height  which  ensures  smooth  sheet  transpor- 
tation  along  the  real  transportation  path  without  a  sheet 
jam. 

The  description  of  the  bridges  will  be  explained  in 

6 
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greater  detail  with  reference  to  Fig.  6.  The  bridges  are 
each  represented  by  a  pair  of  lines  40  and  41,  i.e.,  an 
upper  line  and  a  lower  line,  connecting  two  adjacent  unit 
addresses.  The  connection  form  of  the  bridge,  if  the 
bridge  has  a  curved  configuration,  is  described  by  a  cur- 
vature  radius  R  of  an  arc  drawn  in  the  middle  between 
the  pair  of  curved  lines  40  and  41  in  concentricity  there- 
with.  The  height  of  the  bridge  corresponds  to  a  spacing 
between  the  pair  of  curved  lines  40  and  41  .  Briefly,  it  is 
assumed  that  a  copy  sheet  is  transported  between  the 
pair  of  curved  lines  40  and  41  . 

4-1-2.  Sensor  Model 

Figs.  7  and  8  are  diagrams  for  explaining  the  sensor 
model.  As  shown  in  Fig.  7,  the  sensor  model  is  repre- 
sented  such  that  an  electric  digital  signal  is  to  be  out- 
putted  in  response  to  an  external  stimulative  event  with 
a  predetermined  time  delay.  The  sensor  model  thus  rep- 
resented  is  described  as  shown  in  Fig.  8. 

The  designation  of  the  sensor  is  indexed,  and  the 
time  delay  and  the  output  signal  level  are  preliminarily 
defined  for  each  of  different  stimulative  events.  More 
specifically,  if  the  stimulative  event  is  "Paper  Exist" 
which  means  that  a  copy  sheet  is  present,  an  "H"  level 
digital  signal  is  outputted  with  a  time  delay  of  X  (ms).  If 
the  stimulative  event  is  "No  Paper"  which  means  that  no 
sheet  is  present,  an  "L"  level  digital  signal  is  outputted 
with  a  time  delay  of  XX  (ms). 

4-1-3.  Sheet  Model 

Figs.  9  to  1  4  are  diagrams  for  explaining  the  sheet 
model.  The  sheet  model  is  represented  by  specific  char- 
acteristic  points  on  a  copy  sheet  and  an  interval  (or 
zone)  between  the  points. 

More  specifically,  the  characteristic  points  on  the 
sheet  include  a  head  point  corresponding  to  a  leading 
edge  of  the  sheet,  a  tail  point  corresponding  to  a  trailing 
edge  of  the  sheet,  and  unit  points  at  which  transporta- 
tion-related  units  8  serving  to  apply  a  dynamic  force  to 
the  sheet  for  the  sheet  transportation  are  located. 

The  unit  points  each  assume  either  of  two  modes, 
i.e.,  a  driving  mode  and  a  free  mode  in  which  a  trans- 
portation  force  is  not  applied  to  the  copy  sheet.  In  the 
driving  mode,  the  rollers  11  (see  Fig.  2)  in  the  transpor- 
tation-related  unit  8  are  biased  against  each  other  with 
a  predetermined  nip  pressure  to  be  ready  to  apply  a 
transportation  force  to  the  copy  sheet.  In  the  free  mode, 
conversely,  the  biasing  state  of  the  rollers  11  is  eliminat- 
ed,  so  that  the  rollers  cannot  apply  a  transportation  force 
to  the  copy  sheet  for  the  transportation  of  the  sheet. 

The  interval  is  one  factor  representing  the  state  of 
the  copy  sheet,  and  defines  a  zone  between  the  head 
point  or  the  tail  point  and  a  unit  point  in  the  driving  mode 
in  which  a  transportation  force  can  be  applied  to  the 
copy  sheet.  A  unit  point  in  the  free  mode  is  not  herein 
taken  into  consideration.  This  is  because  the  unit  point 

in  the  free  mode  does  not  apply  a  transportation  force 
to  the  copy  sheet  so  that  the  state  of  the  copy  sheet  is 
not  influenced  thereby. 

The  head  point,  the  tail  point  and  the  unit  points  thus 
5  represented  are  described  as  shown  in  Figs.  10A  and 

10B.  More  specifically,  the  head  point  and  the  tail  point 
are  each  described  by  the  designation  of  the  point  and 
a  real  speed  corresponding  to  the  speed  of  the  copy 
sheet  at  the  point  as  shown  in  Fig.  1  0A.  The  real  speed 

10  is  calculated  from  the  rotational  speed  of  the  rollers  11 
which  is  sensed,  for  example,  by  an  encoder  with  the 
copy  sheet  brought  in  contact  with  the  rollers  11  (see 
Fig.  2).  The  unit  points  are  each  described  by  the  des- 
ignation  and  mode  of  the  point,  the  type  of  a  transpor- 

ts  tation-related  unit  corresponding  to  the  unit  point,  and  a 
real  speed  at  the  unit  point,  as  shown  in  Fig.  10B. 

Where  the  unit  point  is  in  the  driving  mode,  the  unit 
point  influences  the  state  of  the  copy  sheet.  The  influ- 
ence  may  result  in  the  following  three  states  (see  Fig. 

20  11): 

State  1  :  A  force  is  applied  in  a  positive  direction. 
State  2:  A  force  is  applied  in  a  negative  direction. 
State  3:  The  sheet  is  fixed. 

25 
Where  the  driving  mode  is  employed,  it  is  necessary 

to  specify  which  state  is  to  be  employed.  In  this  sheet 
model,  a  parameter  of  "target  speed"  is  used  to  repre- 
sent  the  states  as  follows: 

30 
Target  Speed  >  0  --  >  State  1 
Target  Speed  <  0  —  >  State  2 
Target  Speed  =  0  —  >  State  3 

35  In  the  sheet  model,  as  described  above,  the  influ- 
ence  to  be  exerted  on  the  sheet  is  changed  by  changing 
the  mode  of  the  unit  point  and,  if  the  unit  point  is  put  in 
the  driving  mode,  by  changing  the  target  speed. 

When  the  copy  sheet  is  influenced  by  the  unit  point, 
40  the  influence  is  reflected  to  the  interval.  More  specifical- 

ly,  since  the  interval  is  defined  by  two  adjacent  points, 
the  state  of  the  interval  is  changed  by  the  influence  ex- 
erted  on  the  sheet  by  these  two  points. 

In  the  sheet  model,  an  upper  point  and  a  lower  point 
45  respectively  located  upstream  and  downstream  of  the 

copy  sheet  in  a  sheet  transportation  direction  are  spec- 
ified  as  shown  in  Fig.  12,  and  how  the  interval  is  influ- 
enced  by  the  modes  of  these  points  and  the  target 
speeds  at  the  points  are  also  described. 

so  As  shown  in  Fig.  1  3,  the  state  of  the  interval  is  rep- 
resented  on  the  basis  of  three  standard  representations, 
i.e.,  "N",  "TEAR"  and  "BM",  which  mean  a  normal  state, 
a  tensile  limit  and  a  flexure  limit,  respectively.  In  Fig.  13, 
an  interval  state  between  "N"  and  "BM"  is  a  slacked 

55  state,  which  is  represented  as  "increase".  An  interval 
state  between  "N"  and  "TEAR"  is  a  tensed  state,  which 
is  represented  as  "decrease". 

Fig.  1  4  is  a  diagram  illustrating  the  relationships  be- 

25 
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tween  the  modes  of  the  points,  the  target  speeds  at  the 
points  and  the  interval  states.  First,  an  explanation  will 
be  given  to  terms  used  in  Fig.  14. 

"TVIower"  and  "TVupper"  are  a  target  speed  at  the 
lower  point  and  a  target  speed  at  the  upper  point,  re- 
spectively.  "RVIower"  and  "RVupper"  are  a  real  speed 
at  the  lower  point  and  a  real  speed  at  the  upper  point, 
respectively. 

"IState"  is  the  interval  state.  More  specifically,  "[N, 
TEAR]"  indicates  that  the  interval  is  in  a  state  between 
"N"  and  "TEAR",  i.e.,  in  a  tensed  state  "decrease".  "[N, 
BM]"  indicates  that  the  interval  is  in  a  state  between  "N" 
and  "BM",  i.e.,  in  a  slacked  state  "increase".  "[N,  TEAR], 
N"  indicates  that  the  interval  is  in  a  state  between  "N" 
and  "TEAR"  including  "N",  and  "[N,  BM],  N"  indicates 
that  the  interval  is  in  a  state  between  "N"  and  "BM"  in- 
cluding  "N". 

Next,  the  control  sequence  formulation  process  to 
be  performed  by  the  sequence  formulation  section  23 
with  reference  to  the  knowledge  information  written  in 
the  knowledge  base  24  will  be  explained  with  reference 
to  Figs.  15Ato  25E. 

The  sequence  formulation  section  23  formulates  a 
control  sequence  by  utilizing  the  knowledge  information 
stored  in  the  knowledge  base  24  in  response  to  the  re- 
quest  from  the  evaluation  section  22  or  from  the  outside, 
as  described  above.  4-2.  Models  to  be  Used  for  Formu- 
lation  of  Control  Sequence 

To  formulate  the  control  sequence,  the  sequence 
formulation  section  23  simplifies  the  sheet  path  model 
and  the  sheet  model  written  in  the  knowledge  base  24 
in  the  following  manner  for  representation  thereof.  More 
specifically,  the  transportation  path  is  represented  as  a 
line  in  a  virtual  manner  as  shown  in  Fig.  15A.  At  this 
time,  the  lengths  between  the  respective  unit  addresses 
along  the  virtual  transportation  path  are  described  as 
shown  in  Fig.  15B.  The  sheet  model  is  overlaid  on  the 
virtual  transportation  path. 

The  information  on  the  interval  is  described  in  slots 
of  a  table  as  shown  in  Fig.  15C.  More  specifically,  the 
information  on  the  interval  includes  a  designation  for 
identifying  the  interval,  the  point  names  of  the  upper 
point  and  the  lower  point  and  the  state  of  the  interval. 
The  interval  state  corresponds  to  a  concept  which  will 
be  described  later. 

Further,  information  on  the  sheet  model  is  de- 
scribed  in  slots  of  a  table  as  shown  in  Fig.  15D.  More 
specifically,  the  information  on  the  sheet  model  includes 
the  designation  of  a  sheet  corresponding  to  the  size  of 
the  sheet,  the  point  names  of  the  head  point  and  the  tail 
point  of  the  sheet,  and  the  friction  coefficient  and  the 
length  of  the  sheet.  4-3.  Conditions  to  be  Satisfied  by 
Formulated  Control  Sequence 

The  sequence  formulation  section  23  uses  the  vir- 
tual  transportation  path  and  the  virtual  sheet  represent- 
ed  in  the  aforesaid  manner  to  determine  conditions  to 
be  satisfied  for  the  formulation  of  the  control  sequence. 
More  specifically,  qualitative  specifications  are  first  de- 

termined.  The  qualitative  specifications  define  indispen- 
sable  conditions  required  to  be  satisfied  for  the  forma- 
tion  of  the  control  sequence,  and  are  represented  by  an 
initial  state  of  the  sheet  and  a  complete  state  of  the  sheet 

5  after  the  completion  of  the  sheet  transportation.  The 
complete  state  of  the  sheet  is  properly  defined.  As  re- 
quired,  the  complete  state  to  be  determined  may  be 
such  a  state  that  the  sheet  is  located  upstream  of  the 
initial  position  of  the  sheet  after  the  sheet  transportation. 

10  If  there  is  a  possibility  to  cause  a  sheet  jam,  it  may  be 
preferred  to  transport  the  sheet  in  a  direction  opposite 
to  a  usual  transportation  direction  for  easy  repair. 

The  initial  state  of  the  sheet  is  determined  in  the  fol- 
lowing  manner.  When  the  formulation  of  a  control  se- 

15  quence  is  requested  by  the  evaluation  section  22,  the 
position  of  the  copy  sheet  in  the  real  transportation  path 
7  (see  Fig.  1  )  is  determined  which  corresponds  to  a  po- 
sition  in  the  virtual  transportation  path  where  the  sheet 
model  is  to  be  located,  with  reference  to  the  unit  model 

20  stored  in  the  knowledge  base  24,  and  the  initial  state  is 
determined  such  that  the  sheet  model  is  located  at  this 
position.  More  specifically,  since  the  unit  model  retains 
information  concerning  the  current  state  of  the  transpor- 
tation-related  unit  8  written  by  the  state  derivation  sec- 

25  tion  25,  the  current  position  of  the  copy  sheet  can  be 
determined  by  referring  to  the  information.  Where  the 
formulation  of  a  control  sequence  is  requested  from  the 
outside,  the  position  of  the  copy  sheet  is  determined 
which  corresponds  to  a  position  where  a  copy  sheet  is 

30  in  the  sheet  feeding  cassette,  and  the  initial  state  is  de- 
termined  such  that  the  sheet  model  is  located  at  this  po- 
sition. 

The  initial  state  and  the  complete  state  are  repre- 
sented  by  positional  relationships  between  the  leading 

35  edge  of  the  virtual  sheet  and  the  respective  points  in  the 
virtual  transportation  path.  More  specifically,  where  the 
initial  state  is  such  as  shown  in  Fig.  16A,  the  initial  state 
is  described  as  follows: 

wherein  [U1,  nil]  indicates  that  the  point  is  located  at  a 
position  upstream  of  the  unit  point  U1  in  the  transporta- 

45  tion  direction. 
Where  the  complete  state  is  such  as  shown  in  Fig. 

16B,  the  complete  state  is  described  as  follows: 

wherein  [nil,  U7]  indicates  that  the  point  is  located  at  a 
position  downstream  of  the  unit  point  U7  in  the  transpor- 
tation  direction. 

55  For  the  determination  of  the  qualitative  specifica- 
tions,  an  additional  condition  is  employed  for  the  trans- 
portation  of  the  virtual  sheet.  More  specifically,  the  con- 
dition  is  such  that  at  least  one  unit  point  in  the  driving 

40  Head  Point:  [U2,  U1] 
Tail  Point:  [U1,  nil] 

Head  Point:  [nil,  U7] 
so  Tail  Point:  [nil,  U7] 

8 
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mode  is  present  in  the  sheet  model. 
Thus,  the  qualitative  specifications  are  determined. 
The  sequence  formulation  section  23  determines 

quantitative  specifications  necessary  for  satisfying  the 
qualitative  specifications  thus  determined.  The  quanti- 
tative  specifications  are  less  strict  conditions  which  are 
not  necessarily  satisfied  when  the  control  sequence  is 
formulated.  The  quantitative  specifications  include  a 
copy  speed  and  the  like. 

Conditions  to  be  satisfied  by  the  sequence  formu- 
lation  section  23  include  a  predetermined  concept  in  ad- 
dition  to  the  qualitative  specifications  and  the  quantita- 
tive  specifications.  The  concept  represents  a  state  of  a 
copy  sheet  which  should  be  satisfied  for  execution  of 
the  control  sequence.  More  specifically,  the  concept  de- 
termines  whether  the  copy  sheet  is  to  be  transported  in 
a  normal  state,  in  a  tensed  state  or  in  a  slacked  state. 
The  state  of  the  copy  sheet  is  described  in  the  same 
manner  as  the  state  of  the  interval  described  in  the 
aforesaid  table,  in  which  such  expressions  as  "[N, 
TEAR],  "[N,  BM],  N"  and  the  like  are  used.  The  concept 
thus  determined  is  described  in  slots  of  a  table  as  shown 
in  Fig.  15C. 

The  sequence  formulation  section  23  formulates 
the  control  sequence  so  as  to  satisfy  the  qualitative 
specifications,  the  quantitative  specifications  and  the 
concept. 

4-4.  Preparation  of  Zone  Shift  Sequence 

Next,  a  method  for  the  formulation  of  the  control  se- 
quence  will  be  described  in  greater  detail.  First,  an  ex- 
planation  will  be  given  to  the  preparation  of  a  zone  shift 
sequence,  which  is  the  first  stage  of  the  formulation  of 
the  control  sequence. 

4-4-1  .  Model  to  be  Used  for  Preparation  of  Zone  Shift 
Sequence 

A  sheet  path  model  represented  by  three  unit  ad- 
dresses  and  one  sensor  address  as  shown  in  Fig.  17A 
is  employed  for  simplification  of  explanation  of  the  prep- 
aration  of  the  zone  shift  sequence.  At  this  time,  the 
length  of  a  virtual  sheet  is  determined,  and  the  lengths 
between  the  respective  addresses  are  described  as 
shown  in  Fig.  17B.  It  is  assumed  that  the  qualitative 
specifications  are  determined  as  shown  in  Figs.  18Aand 
18B.  More  specifically,  the  qualitative  specifications  are 
described  as  follows: 

[Initial  State] 

Head  Point:  [S1,  U1] 
Tail  Point:  [U1,  nil] 

[Complete  State] 

Head  Point:  [nil,  U3] 

Tail  Point:  [nil,  Us] 

4-4-2.  Flow  of  Preparation  of  Zone  Shift  Sequence 

5  On  these  premises,  the  sequence  formulation  sec- 
tion  23  lists  up  all  possible  combinations  (hereinafter  re- 
ferred  to  as  "frames")  of  zones  where  the  head  point  and 
the  tail  points  are  possibly  present,  as  shown  in  Fig.  1  9A. 
The  upper  line  and  the  lower  line  in  each  frame  corre- 

10  spond  to  the  head  point  and  the  tail  point,  respectively. 
When  the  virtual  sheet  is  transported  along  the  virtual 
transportation  path  from  the  position  defined  by  a  given 
frame,  any  frames  which  possibly  follow  the  given  frame 
to  define  the  zones  where  the  head  point  and  the  tail 

is  point  are  to  be  located  next  are  selected,  and  the  given 
frame  is  networked  with  the  selected  frames.  The 
frames  are  all  subjected  to  this  process.  As  a  result,  a 
network  as  shown  in  Fig.  19B  is  established. 

Thereafter,  the  initial  state  and  the  complete  state 
20  are  incorporated  into  the  network  as  shown  in  Figs.  20A 

and  20B  to  satisfy  the  qualitative  specifications.  More 
specifically,  a  frame  having  the  same  state  as  the  initial 
state  or  a  frame  which  possibly  comes  next  to  the  frame 
corresponding  to  the  initial  state  and  defines  the  zones 

25  where  the  head  point  and  the  tail  point  are  to  be  located 
next  is  selected,  and  the  selected  frame  is  related  with 
the  initial  state.  In  the  example  shown  in  Fig.  20A,  the 
frame  corresponding  to  the  initial  state  is  selected. 
Then,  a  frame  having  the  same  state  as  the  complete 

30  state  or  a  frame  which  corresponds  to  a  state  preceding 
the  complete  state  is  selected,  and  the  selected  frame 
is  related  with  the  complete  state.  In  the  example  shown 
in  Fig.  20A,  the  frame  corresponding  to  the  state  pre- 
ceding  the  complete  state  is  selected. 

35  A  combination  of  frames  which  provides  the  short- 
est  way  for  the  shift  from  the  initial  state  to  the  complete 
state  is  searched  for  in  the  network  shown  in  Fig.  20A. 
As  a  result,  a  combination  of  the  frames  "Initial  State  -> 
a  ->  b  ->...->  1  ->  m  ->  Complete  State"  linked  by  bold 

40  lines  as  shown  in  Fig.  20B  is  selected,  which  possibly 
provides  the  shortest  way.  The  combination  of  the 
frames  is  referred  to  as  "zone  shift  sequence". 

The  zone  shift  sequence  thus  selected  is  represent- 
ed  as  shown  in  Fig.  21  on  the  basis  of  time-related  fac- 

45  tors  as  well  as  the  virtual  transportation  path  and  the 
virtual  sheet. 

4-5.  Preparation  of  Control  Sequence 

so  Shift  conditions  required  for  shift  from  one  frame  to 
the  next  frame  with  time  are  determined  for  the  zone 
shift  sequence  thus  selected.  More  specifically,  the  shift 
conditions  include  a  target  speed  to  be  determined 
when  the  mode  of  a  unit  point  is  specified  or  the  unit 

55  point  is  put  in  the  driving  mode.  The  shift  conditions  thus 
determined  are  arranged  on  a  time-series  basis  to  form 
the  control  sequence. 

25 
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4-5-1  .  Conditions  to  be  Satisfied  by  Control  Sequence 
to  be  Prepared 

A  process  for  determining  the  shift  conditions  will 
hereinafter  be  explained.  Since  the  explanation  may  be  s 
complicated  by  using  the  model  used  for  the  explanation 
of  the  zone  shift  sequence  preparation  process  (Fig. 
17A),  a  sheet  path  model  and  a  sheet  model  as  shown 
in  Fig.  22Aare  used  which  are  simpler  than  those  of  Fig. 
17A.  10 

The  sheet  path  model  shown  in  Fig.  22A  is  repre- 
sented  only  by  three  unit  addresses  U1,  U2andU3.  Fur- 
ther,  the  sheet  model  has  a  length  of  150  (mm).  The 
lengths  between  the  unit  addresses  U1  and  U2  and  be- 
tween  the  unit  addresses  U2  and  U3  are  described  as  is 
shown  in  Fig.  22B. 

The  qualitative  specifications  which  define  the  initial 
state  and  the  complete  state  are  as  shown  in  Figs.  23A 
and  23B.  That  is,  the  qualitative  specifications  are  de- 
scribed  as  follows:  20 

[Initial  State] 

Head  Point:  [U1,  U2] 
Tail  Point:  [nil,  U1]  25 

[Complete  State] 

Head  Point:  U3 
Tail  Point:  [U1,  nil]  30 

In  the  qualitative  specifications,  the  unit  point  Ul  is 
in  the  free  mode  in  the  initial  state,  and  the  unit  points 
U1  and  U2  are  in  the  driving  mode  in  the  complete  state. 

The  quantitative  condition  and  the  concept  are  35 
specified  as  "1  (sec)"  and  "Normal",  respectively.  As  a 
result  of  the  zone  shift  sequence  preparation  process 
thus  performed,  a  zone  shift  sequence  from  a  frame  A 
to  a  frame  D  as  shown  in  Fig.  24  is  prepared. 

40 
4-5-2.  Flow  of  Preparation  of  Control  Sequence 

On  these  premises,  conditions  required  for  the  shift 
from  the  frame  A  to  the  frame  B  are  considered.  In  the 
frame  A,  no  point  is  in  the  driving  mode  and  one  interval  45 
is  present  between  the  head  point  and  the  tail  point. 
Then,  a  unit  point  U1  located  between  the  head  point 
and  the  tail  point  is  put  in  the  driving  mode.  That  is,  the 
following  shift  condition  is  specified. 

Unit  Point  1:  Driving  mode  so 
As  a  result,  the  frame  A  is  shifted  to  a  frame  A'  in 

which  the  unit  point  U1  in  the  driving  mode  is  present 
between  the  head  point  and  the  tail  point  and  two  inter- 
vals  1  and  2  are  present  as  shown  in  Fig.  25B. 

The  frame  A'  is  shifted  to  the  frame  B  for  the  shift  55 
from  the  frame  A  to  the  frame  B.  More  specifically,  the 
head  point  in  the  frame  A'  is  allowed  to  correspond  to  a 
unit  point  U2  as  shown  in  Fig.  25C.  This  is  apparently 

55  A1  18 

achieved  by  making  the  real  speed  of  the  head  point 
positive  in  the  frame  A'. 

As  is  apparent  from  the  relationships  between  the 
modes  of  the  points,  the  target  speeds  at  the  points  and 
the  interval  states  (part  of  the  sheet  model)  shown  in 
Fig.  14,  the  real  speed  RVH  of  the  head  point  (the  real 
speed  at  the  lower  point)  is  made  positive  by  making  the 
target  speed  TVU1  at  the  unit  point  U1  (the  upper  point) 
positive.  More  specifically,  if  TVU1  =  X  (X  >  O),  a  con- 
dition  for  the  shift  from  the  frame  A'  to  the  frame  B  is 
specified  as  follows: 

Unit  Point  1:  DRIVE  PAPER(X) 
When  the  frame  A'  is  shifted  on  the  basis  of  the  shift 

conditions  thus  specified,  the  tail  point  can  be  moved 
without  any  inconsistency  as  will  be  apparent  from  the 
relationships  shown  in  Fig.  14.  Therefore,  the  shift  from 
the  frame  A'  to  the  frame  B  is  ensured.  Thus,  the  shift 
from  the  frame  A  to  the  frame  B  is  completed. 

The  states  of  the  points  and  the  intervals  in  the 
frame  A'  are  described  on  the  basis  of  the  relationships 
shown  in  Fig.  14  as  follows: 

Head  Point:  Real  Speed  =  X 
Unit  Point  1  :  Real  Speed  =  X 
Tail  Point:  Real  Speed  =  X 
State  of  Interval  1  :  Normal 
State  of  Interval  2:  Normal 

Therefore,  the  concept  is  satisfied. 
Next,  the  shift  from  the  frame  B  to  a  frame  C  will  be 

considered.  The  shift  from  the  frame  B  to  the  frame  C  is 
achieved  by  moving  the  head  point  in  the  frame  B  to  a 
position  between  a  unit  point  U2  and  a  unit  point  U3. 
More  specifically,  the  sheet  model  is  represented  as 
shown  in  Fig.  25D.  To  satisfy  the  conditions  thus  shown, 
the  real  speed  RVH  of  the  head  point  is  made  positive 
in  the  frame  B.  As  is  apparent  from  the  relationships 
shown  in  Fig.  1  4,  the  target  speed  TVU2  at  the  unit  point 
U2  is  made  positive  to  make  the  real  speed  RVH  of  the 
head  point  positive.  For  this,  the  target  speed  TVU2  is 
set  to  X  (TVU2  =  X,  X  >  O).  However,  an  additional  con- 
dition  should  be  specified. 

More  specifically,  the  concept  for  the  formulation  of 
the  control  sequence  is  "Normal"  as  described  above. 
This  means  that  the  state  of  the  interval  b  corresponding 
to  the  zone  between  the  unit  points  U1  and  U2  should 
be  kept  "Normal".  On  the  other  hand,  the  target  speed 
TVU1  at  the  unit  point  U1  for  the  shift  from  the  frame  A 
to  the  frame  B  is  already  set  to  X  (X  >  0).  Therefore,  the 
target  speed  TVU2  of  the  unit  point  U2  should  be  spec- 
ified  such  that  the  target  speed  TVU2  is  always  equal  to 
the  target  speed  TVU1  at  the  unit  point  U1.  In  other 
words,  a  time  period  during  which  TVU1  is  not  equal  to 
TVU2  (TW1  *  TVU2)  should  be  zero.  Therefore,  the  tar- 
get  speed  TVU2  should  be  set  to  X  (TVU2  =  X)  prior  to 
or  at  the  shift  from  the  frame  A  to  the  frame  B. 

In  view  of  the  foregoing,  the  shift  condition  for  the 
shift  from  the  frame  B  to  the  frame  C  is  specified  as  fol- 
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lows: 
UNTIL  (Head  Point  =  Unit  Point  2) 

Unit  Point  2:  DRIVE  PAPER(X) 
The  states  of  the  points  and  the  intervals  in  the 

frame  B  are  described  on  the  basis  of  the  relationships  s 
shown  in  Fig.  14  as  follows: 

Head  Point:  Real  Speed  =  X 
Unit  Point  1  :  Real  Speed  =  X 
Tail  Point:  Real  Speed  =  X  10 
State  of  Interval  1:  Normal 
State  of  Interval  2:  Normal 

Therefore,  the  concept  is  satisfied. 
Next,  the  shift  from  the  frame  C  to  a  frame  D  will  be  15 

considered.  The  shift  from  the  frame  C  to  the  frame  D 
is  achieved  by  moving  the  head  point  to  a  unit  point  U3 
in  the  frame  C.  More  specifically,  the  sheet  model  is  rep- 
resented  as  shown  in  Fig.  25E.  To  satisfy  the  conditions 
thus  shown,  the  real  speed  RVH  of  the  head  point  is  20 
made  positive  in  the  frame  C.  The  target  speed  TVU2 
at  the  unit  point  U2  (the  upper  point)  is  made  positive  to 
make  the  real  speed  RVH  of  the  head  point  positive. 
However,  the  condition  of  TVU2  =  X  (X  >  O)  is  already 
specified  to  satisfy  the  shift  condition  for  the  shift  from  25 
the  frame  B  to  the  frame  C.  Therefore,  the  shift  from  the 
frame  C  to  the  frame  D  can  be  achieved  without  speci- 
fying  an  additional  shift  condition. 

The  states  of  the  points  and  the  intervals  in  the 
frame  C  are  described  on  the  basis  of  the  relationships  30 
shown  in  Fig.  14  as  follows: 

Head  Point:  Real  Speed  =  X 
Unit  Point  1  :  Real  Speed  =  X 
Unit  Point  2:  Real  Speed  =  X  35 
Tail  Point:  Real  Speed  =  X 
State  of  Interval  1:  Normal 
State  of  Interval  2:  Normal 
State  of  Interval  3:  Normal 

40 
Therefore,  the  concept  is  satisfied. 
The  shift  conditions  for  the  shift  from  the  frame  A  to 

the  frame  D  are  collectively  shown  below: 

Unit  Point  1  :  Driving  mode  45 
Unit  Point  1  :  DRIVE  PAPER(X) 
UNTIL  (Head  Point  =  Unit  Point  2) 

Unit  Point  2:  DRIVE  PAPER(X) 

The  sequence  of  the  shift  conditions  thus  prepared  so 
serves  as  the  control  sequence. 

As  described  above,  the  control  sequence  formu- 
lated  by  the  sequence  formulation  section  23  serves  as 
a  skeletal  control  sequence.  This  is  attributed  to  the  fact 
that  the  speed  X  is  indeterminable  and,  therefore,  the  55 
timing  defined  by  "Until  (Head  Point  =  Unit  Point  2)"  is 
indeterminable.  These  factors  are  determined  by  the 
transportation  simulation  performed  by  the  simulation 

section  26  as  previously  described. 

5.  Miscellaneous 

While  the  embodiment  of  the  present  invention  has 
thus  been  described,  it  should  be  understood  that  the 
present  invention  is  not  limited  to  the  aforesaid  embod- 
iment.  For  example,  although  the  system  body  1  0  is  pro- 
vided  within  the  copying  machine  body  in  the  aforesaid 
embodiment,  the  system  body  10  may  be  provided  as  a 
discrete  device  outside  the  copying  machine  body.  With 
such  an  arrangement,  the  construction  of  the  copying 
machine  body  can  be  simplified. 

In  the  aforesaid  embodiment,  the  present  invention 
is  applied  to  the  copying  machine,  but  may  be  applied 
to  any  other  apparatuses  such  as  a  printer  and  a  fac- 
simile  machine  which  have  a  sheet  feeding  and  trans- 
porting  system. 

Although  the  present  invention  has  been  described 
in  detail  by  way  of  an  embodiment  thereof,  it  should  be 
understood  that  the  foregoing  disclosure  is  merely  illus- 
trative  of  the  technical  principles  of  the  present  invention 
but  not  limitative  of  the  same.  The  scope  of  the  present 
invention  is  to  be  limited  only  by  the  appended  claims. 

This  application  is  based  on  the  application  No. 
8-125847  filed  in  Japan,  the  entire  disclosure  of  which 
is  incorporated  hereinto  by  reference. 

Claims 

1.  A  sheet  transportation  device  having  a  self-repair 
function,  comprising: 

a  plurality  of  transportation-related  units  (8)  dis- 
posed  in  a  predetermined  order  along  a  trans- 
portation  path  (7),  each  of  which  has  a  function 
of  performing  a  sheet  transportation-related 
operation  on  the  basis  of  a  control  sequence; 
sensing  means  (9)  disposed  in  association  with 
the  respective  transportation-related  units  (8) 
for  sensing  physical  quantities  concerning  the 
respective  transportation-related  units  (8); 
state  storage  means  (21)  for  storing  therein 
states  of  the  respective  transportation-related 
units  (8),  the  states  corresponding  to  the  phys- 
ical  quantities  sensed  by  the  sensing  means 
(9); 
knowledge  storage  means  (24)  storing  therein 
knowledge  information  concerning  a  sheet  and 
the  transportation  path  (7); 
sequence  generation  means  (22,  23,  26)  for 
generating  a  control  sequence  on  the  basis  of 
the  knowledge  information  stored  in  the  knowl- 
edge  storage  means  (24)  and  the  states  of  the 
transportation-related  units  (8)  stored  in  the 
state  storage  means  (21  )  if  any  of  the  states  of 
the  transportation-related  units  (8)  stored  in  the 

11 



21 EP0  809  155  A1 22 

state  storage  means  (21  )  corresponds  to  a  par- 
ticular  state;  and 
sequence  applying  means  (27)  for  applying  the 
control  sequence  generated  by  the  sequence 
generation  means  (22,  23,  26)  to  the  transpor-  s 
tation-related  units  (8). 

2.  A  sheet  transportation  device  as  set  forth  in  claim 
1  ,  wherein  the  sequence  generation  means  (22,  23, 
26)  includes:  10 

diagnosis  means  (22)  for  performing  diagnos- 
tics  to  determine  whether  any  of  the  states  of 
the  transportation-related  units  (8)  stored  in  the 
state  storage  means  (21  )  corresponds  to  a  par-  15 
ticular  state; 
formulation  means  (23)  forformulating  a  control 
sequence  if  a  result  of  the  diagnostics  per- 
formed  by  the  diagnosis  means  indicates  that 
any  of  the  states  of  the  transportation-related  20 
units  (8)  corresponds  to  the  particular  state; 
and 
judgment  means  (22,  26)  for  judging  whether 
or  not  the  control  sequence  formulated  by  the 
formulation  means  (23)  is  suitable,  by  perform-  25 
ing  a  simulation  on  the  basis  of  the  knowledge 
information  stored  in  the  knowledge  storage 
means  (24). 

5.  A  sheet  transportation  device  as  set  forth  in  any  one 
of  claims  1  through  4,  wherein  the  sequence  apply- 
ing  means  (27)  divides  the  control  sequence  gen- 
erated  by  the  sequence  generation  means  (22,  23, 
26)  on  a  task  basis,  and  allocates  resulting  control 
sequence  segments  to  the  respective  transporta- 
tion-related  units  (8). 

6.  A  sheet  transportation  device  as  set  forth  in  any  one 
of  claims  1  through  5,  wherein  each  of  the  transpor- 
tation-related  units  (8)  each  has  a  function  of  auton- 
omously  performing  the  sheet  transportation-relat- 
ed  operation. 

7.  A  sheet  transportation  device  as  set  forth  in  any  one 
of  claims  1  through  7,  wherein  the  knowledge  stor- 
age  means  (24)  stores  therein  a  sheet  path  model 
as  knowledge  information  concerning  a  path  of  a 
sheet,  a  unit  model  as  knowledge  information  con- 
cerning  the  transportation-related  units  (8),  a  sheet 
model  as  knowledge  information  concerning  a 
sheet  to  be  transported,  a  transportation  path  model 
as  knowledge  information  concerning  the  transpor- 
tation  path  (7),  and  a  sensor  model  as  knowledge 
information  concerning  the  sensing  means  (9). 

3.  A  sheet  transportation  device  as  set  forth  in  claim  30 
2,  wherein  the  formulation  means  (23)  includes: 

means  for  dividing  the  transportation  path  into 
a  plurality  of  zones; 
means  for  representing  an  initial  state  and  a  35 
complete  state  of  sheet  transportation  by  a 
combination  of  zones  in  which  a  head  point  cor- 
responding  to  a  leading  edge  of  a  sheet  and  a 
tail  point  corresponding  to  a  trailing  edge  of  the 
sheet  are  to  be  respectively  located;  40 
means  for  preparing  a  zone  shift  sequence  by 
arranging  on  a  time-series  basis  a  plurality  of 
frames  respectively  representing  combinations 
of  zones  in  which  the  head  point  and  the  tail 
point  are  to  be  located  during  a  shift  from  the  45 
initial  state  to  the  complete  state  of  the  sheet 
transportation;  and 
means  for  determining  shift  conditions  required 
for  shift  from  one  frame  to  the  next  frame  to  gen- 
erate  the  control  sequence.  so 

4.  A  sheet  transportation  device  as  set  forth  in  claim  2 
or  3,  wherein  the  judgment  means  (22,  26)  includes: 

simulation  means  (26)  for  defining  the  sheet 
and  the  respective  transportation-related  units  (8)  55 
as  discrete  objects  and  actuating  the  objects  inde- 
pendently  or  interactively  to  simulate  the  sheet 
transportation. 
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