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(54)  Apparatus  having  self-repairing  function  and  method  of  self-repairing  the  same. 

(57)  According  to  the  present  invention,  a  concept 
of  functional  quantities  indicative  of  quantified 
functional  degrees  of  such  lower-level  func- 
tions  as  "clearer  characters",  "cleaner  back- 
ground",  and  "thicker  characters",  which  are 
subordinating  to  a  qualification-oriented  func- 
tion  of  "more  attractive  characters".  Charac- 
teristic  patterns  of  functional  quantities  F1,  F2 
and  F3  of  the  lower-level  functions  for  physical 
parameters  (for  example,  the  surface  potential 
of  a  photoreceptor  body)  are  prepared.  When  a 
fault  repair  is  implemented  by  changing  a  value 
of  a  physical  parameter,  a  tradeoff  is  made 
between  lower-level  functions  which  are  influ- 
enced  by  the  physical  parameter.  That  is,  taking 
into  account  the  functional  quantities  F1,  F2 
and  F3  of  the  lower-level  functions,  the  value  of 
the  physical  parameter  is  set  so  that  the  func- 
tional  quantity  of  the  function  of  "more  attrac- 
tive  characters"  is  maximized.  By  introducing 
the  concept  of  the  functional  quantities  indica- 
tive  of  the  quantified  functional  degrees  of  the 
functions,  a  flexible  self-repairing  function  can 
be  realized,  thereby  optimizing  a  repair  oper- 
ation. 
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The  present  invention  relates  to  an  apparatus  having  a  self-repairing  function  which  implements  a  self- 
repair  of  a  fault  which  prevents  the  apparatus  from  satisfactorily  performing  a  given  function,  and  a  method 
of  self-repairing  the  apparatus. 

It  has  been  proposed  in  the  field  of  image  forming  apparatus  such  as  copying  machines  to  additionally 
5  provide  a  so-called  self-repairing  function.  The  self-repairing  function  is  intended  to  make  diagnoses  and  re- 

pairs  on  functions  relative  to  image  forming  for  maintenance.  Typical  apparatus  having  such  self-repairing 
function  is  disclosed  in  Japanese  Unexamined  Patent  Publication  No.  2-252121  (1990). 

In  the  apparatus  disclosed  in  this  publication,  a  function  to  be  maintained  is  monitored  by  checking  whether 
the  function  is  active  or  not,  and  the  repair  of  the  function  is  achieved  by  actuating  another  function  which  can 

w  substitute  for  the  function  to  be  maintained. 
That  is,  the  conventional  self-repairing  function  employs  so-called  "two-choice"  diagnosing  and  repairing 

approaches  and,  therefore,  does  not  take  into  consideration  degrees  of  functional  degradation  and  functional 
recovery.  This  may  be  attributed  to  the  difficulty  in  quantifying  the  abstract  concept  of  functions. 

Accordingly,  the  conventional  self-repairing  function  makes  an  extreme  choice  in  a  certain  sense,  which 
15  includes  such  choices  that  other  functions  are  abandoned  for  the  maintenance  of  a  particular  function  A,  and 

that  a  method  of  repairing  (a)  for  a  particular  function  A  is  not  employed  because  the  method  may  influence 
the  other  functions. 

In  view  of  the  foregoing  difficulty,  it  is  an  object  of  the  present  invention  to  provide  an  apparatus  having 
a  self-repairing  function  which  implements  a  flexible  repair  by  introducing  a  concept  of  a  functional  quantity 

20  indicative  of  a  quantified  functional  degree. 
It  is  another  object  of  the  present  invention  to  provide  an  improved  method  of  self-repairing  an  apparatus 

which  implements  a  flexible  repair  by  introducing  a  concept  of  a  functional  quantity  indicative  of  a  quantified 
functional  degree. 

According  to  one  aspect  of  the  present  invention,  an  apparatus  having  a  self-repairing  function  implements 
25  a  self-repair  in  consideration  of  the  recovery  degree  of  a  faulty  function  and  the  degradation  degree  of  the 

other  normal  functions  influenced  by  a  secondary  effect  of  the  self-repair.  For  this  purpose,  functional  quantity 
data  are  preliminarily  investigated  and  stored  in  a  memory.  A  given  function  actuated  by  the  apparatus  is  de- 
composed  into  a  plurality  of  more  specific  lower-level  functions.  The  functional  quantity  data  include  charac- 
teristic  data  of  a  functional  quantity  indicative  of  a  relationship  of  each  of  the  plural  lower-level  functions  sub- 

30  ordinating  to  the  given  function  and  a  change  in  a  physical  parameter  corresponding  to  said  each  lower-level 
function. 

When  a  fault  occurs,  a  physical  parameter  which  should  be  changed  to  repair  the  fault  and  a  secondary 
effect  which  is  to  be  produced  by  a  change  in  the  physical  parameter  are  indicated.  Characteristic  data  of  a 
functional  quantity  corresponding  to  the  indicated  physical  parameter  and  changeable  characteristic  data  of 

35  a  functional  quantity  influenced  by  the  secondary  effect  are  read  out  of  the  memory,  and  the  most  preferably 
balanced  state  of  the  read-out  functional  quantities  are  determined  through  calculation.  Then,  a  self-repair  is 
implemented  by  changing  a  value  of  the  indicated  physical  parameter  to  realize  the  most  preferably  balanced 
state. 

According  to  another  aspect  of  the  present  invention,  functional  quantity  data  include  characteristic  data 
40  of  a  functional  quantity  relative  to  an  effect  which  is  to  be  produced  when  an  occurring  fault  is  repaired,  and 

characteristic  data  of  a  functional  quantity  relative  to  a  risk  which  is  to  be  caused  when  the  occurring  fault  is 
repaired.  Aflexible  self-repair  can  be  carried  out  by  balancing  the  manifestation  degrees  of  the  functional  quan- 
tities  relative  to  the  effect  and  the  risk. 

According  to  still  another  aspect  of  the  present  invention,  functional  quantity  data  include  characteristic 
45  data  assigned  to  a  particular  function  important  for  the  apparatus  in  which  a  functional  quantity  thereof  is  set 

to  be  extremely  lowered  by  a  change  in  a  physical  parameter.  Therefore,  if  the  functional  quantity  is  extremely 
lowered  by  a  fault,  the  fault  can  be  immediately  self-repaired.  On  the  other  hand,  if  the  functional  quantity  is 
not  extremely  lowered  by  a  fault,  the  timing  of  implementing  a  self-repair  can  be  flexibly  adjusted. 

In  accordance  with  another  aspect  of  the  present  invention,  a  concept  of  functional  quantities  indicative 
so  of  quantified  functional  degrees  of  lower-level  functions  subordinating  to  a  given  function  is  introduced  to  re- 

alize  a  self-repairing  function.  Characteristic  patterns  of  functional  quantities  of  the  lower-level  functions  for 
a  change  in  a  given  physical  parameter  are  prepared,  which  are  utilized  to  determine  an  optimized  physical 
parameter  value  to  be  set  when  a  fault  occurs.  When  the  fault  actually  occurs,  there  is  proposed  a  self-repair 
of  the  fault  to  be  implemented  by  changing  a  value  of  the  physical  parameter  which  influences  the  lower-level 

55  functions  relative  to  the  fault.  At  this  time,  functional  quantities  of  the  lower-level  functions  influenced  by  a 
change  in  the  physical  parameter  are  read  out  of  the  memory  means,  and  then  a  functional  quantity  of  the 
given  function  is  calculated  based  on  characteristic  patterns  of  the  read-out  functional  quantities.  Finally,  a 
value  of  the  physical  parameter  is  set  based  on  the  calculated  functional  quantity  of  the  given  function  so  as 
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to  ensure  the  maximum  performance  of  the  given  function. 
Accordingly,  when  a  plurality  of  lower-level  functions  are  influenced  by  the  change  in  the  physical  para- 

meter,  a  tradeoff  is  made  among  the  plural  lower-level  functions  to  set  a  value  of  the  physical  parameter.  As 
a  result,  a  flexible  repair  of  a  fault  can  be  realized,  unlike  the  conventional  repairing  method  in  which  an  extreme 

5  choice  is  made  such  as  whether  a  repair  is  made  or  not. 
In  accordance  with  another  aspect  of  the  present  invention,  characteristic  patterns  of  functional  quantities 

indicative  of  quantified  functional  degrees  of  functions  are  prepared,  which  functions  each  correspond  to  an 
effect  and  a  risk  which  may  occur  when  a  given  repairing  method  is  employed  for  a  repair  of  a  fault.  When  a 
plurality  of  repairing  methods  are  proposed,  a  functional  quantity  of  a  given  function  is  calculated  for  each  of 

w  the  plural  repairing  methods,  based  on  the  functional  quantities  each  corresponding  to  the  effect  and  risk  of 
said  each  repairing  method.  Finally,  the  most  preferable  repairing  method  which  ensures  the  maximum  per- 
formance  of  the  given  function  is  reliably  selected  based  on  the  calculated  functional  quantity  of  the  given  func- 
tion. 

In  accordance  with  another  aspect  of  the  present  invention,  characteristic  patterns  of  functional  quantities 
15  indicative  of  quantified  functional  degrees  of  functions  relative  to  a  given  fault  are  prepared.  When  the  fault 

actually  occurs,  a  degree  of  the  fault  is  quantified  by  calculating  a  functional  quantity  of  a  given  function  based 
on  functional  quantities  relative  to  the  fault.  Finally,  a  timing  of  implementing  a  self-repairing  function  is  variably 
set  based  on  the  quantified  fault  degree. 

Accordingly,  a  flexible  repair  can  be  realized  in  such  a  way  that  a  critical  fault  is  immediately  self-repaired 
20  by  the  self-repairing  function  and  a  trivial  fault  is  repaired  when  the  apparatus  is  not  in  use,  since  the  timing 

of  implementing  the  self-repairing  function  is  variably  set  depending  on  the  degree  of  a  fault. 
The  invention  is  described  further  hereinafter,  by  way  of  example  only  with  reference  to  the  accompanying 

drawings,  in  which:- 
Fig.  1  A  is  a  diagram  illustrating  a  model  showing  the  relationship  among  functions,  behaviors,  states  and 

25  constraints. 
Fig.  1B  is  a  diagram  explaining  signs  and  symbols  in  words  in  Fig.  1Ato  complement  Fig.  1A. 
Fig.  2  is  a  diagram  illustrating  a  probability  distribution  for  the  subjectivity  versus  the  physical  parameter. 
Fig.  3  is  a  diagram  illustrating  an  example  of  lower-level  functions  subordinating  to  a  function. 
Figs.  4Aand  4B  are  diagrams  illustrating  characteristic  patterns  concerning  a  qualification-oriented  func- 

30  tion. 
Fig.  5  is  a  diagram  illustrating  weights  of  lower-level  functions  to  a  function. 
Fig.  6  is  a  diagram  illustrating  characteristic  patterns  of  functional  quantities  of  a  qualification-oriented 
function. 
Fig.  7  is  a  conceptual  diagram  illustrating  the  main  structure  of  an  image  forming  apparatus  according  to 

35  one  embodiment  of  the  present  invention. 
Fig.  8  is  a  block  diagram  illustrating  the  construction  of  a  control  system. 
Fig.  9  is  a  diagram  illustrating  a  parameter  model  for  judging  secondary  effects. 
Figs.  10Aand  10B  are  diagrams  illustrating  an  example  of  characteristic  patterns  of  functional  quantities. 
Fig.  11  is  a  diagram  illustrating  an  example  of  characteristic  patterns  of  functional  quantities  which  are 

40  taken  into  account  when  a  halogen  lamp  is  alternatively  used  to  recover  a  charge  erase  function. 
Fig.  12  is  a  diagram  illustrating  an  example  of  characteristic  patterns  of  functional  quantities  which  are 
taken  into  account  when  a  separator  charger  is  alternatively  used  to  recover  a  charge  erase  function. 
There  is  now  described  a  concept  of  the  quantification  of  functions  which  is  the  premise  of  the  present 

invention,  and  thereafter  the  self-repairing  function  according  to  one  embodiment  of  the  present  invention. 
45  1.  Quantification  of  Functions 

1-1.  Introduction  of  Concept  of  Functional  Quantities 
One  of  the  major  subjects  for  the  realization  of  computer-supported  concept  designing  is  the  ex- 

pression  and  definition  of  functions  for  the  purpose  of  designing  a  concept.  The  present  invention  pro- 
poses  a  concept  of  "functional  quantities"  indicative  of  functional  degrees  quantified  on  the  basis  of 

so  an  assumption  that  functions  can  be  quantified  and  expressed  as  degrees  of  satisfying  objectives  of 
the  functions  through  an  approximate  quantification. 

The  criterion  of  a  functional  evaluation  by  humans  are  very  vague.  However,  when  a  machine  is 
designed,  for  example,  attribute  values  are  defined  for  necessary  functions  of  the  objective  machine 
so  as  to  satisfy  certain  criterion  of  the  functions.  The  defined  values  appear  in  an  objective  description 

55  as  physical  constraints. 
On  the  other  hand,  in  a  research  field  of  design  or  maintenance,  it  is  a  very  important  subject  how 

to  handle  functions  perse,  and  there  have  been  various  discussions  about  the  expression  and  definition 
of  functions.  For  example,  see  Tetsuo  Tomiyama,  and  Hiroyuki  Yoshikawa,  "Aiming  at  Construction  of 
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Functional  Theory  -  From  the  Viewpoint  of  Configuration",  Journal  of  Precision  Engineering  Society, 
Vol.56,  No.6,  pp.  6-10  (1991).  From  these  discussions,  a  consensus  of  "a  concept  of  functions  is  es- 
tablished  on  human  recognition"  has  been  obtained.  However,  there  has  been  few  discussions  about 
the  recognition  of  functions  and  the  mechanism  of  abstraction  of  functions.  One  reason  is  that  it  is  un- 

5  avoidable  to  introduce  subjective  matters  such  as  human  disposition  and  emotion  in  order  to  handle 
the  recognition  and  abstraction  of  functions.  There  exist  some  difficulties  in  linking  those  subjective 
matters  with  engineering. 
1-2.  Methodology  of  Expression  of  Functions 

Af  unction  can  be  considered  to  be  an  abstract  expression  of  the  behavior  of  an  object  recognized 
w  by  a  human.  The  behavior  of  the  object  can  be  objectively  described  as  a  transition  of  physical  states 

of  the  object.  Figs.  1Aand  1B  show  a  functional  model  illustrating  the  relationship  among  the  functions, 
behaviors,  states  and  constraints.  This  model  employs  an  example  of  a  copying  machine.  Aterm  "state" 
means  a  state  of  the  machine  which  is  defined  by  internal  states  and  external  states  such  as  an  envir- 
onment.  The  concept  of  the  internal  states  includes  parts,  attributes  of  the  parts,  connections  between 

15  the  parts,  relations  between  the  attributes  of  the  parts,  and  the  structure  of  the  machine.  Aterm  "be- 
havior"  is  defined  as  a  change  in  one  or  more  states  (including  no  change).  Aterm  "function"  is  defined 
as  a  description  of  a  behavior  which  is  recognized  and  abstracted  for  a  certain  purpose  by  a  human. 
That  is,  a  function  is  basically  described  in  a  form  of  "doing  something". 

In  the  model  shown  in  Figs.  1  A  and  1  B,  it  is  assumed  that  a  function  has  two  types  of  aspects: 
20  one  is  an  operation-oriented  aspect  which  readily  corresponds  to  a  behavior  requirement  of  the  machine 

(e.g.,  "making  a  copy"  and  "forming  an  image");  and  the  other  is  a  qualification-oriented  aspect  which 
readily  corresponds  to  a  constraint  (e.g.,  "beautiful"  and  "thick").  It  is  further  assumed  that  an  evalua- 
tion  of  the  qualification-oriented  aspect  of  a  function  by  a  human  can  be  broken  down  into  evaluations 
of  physical  constraints  by  limiting  a  domain  in  a  functional  field.  Namely,  it  is  assumed  that  a  function 

25  has  a  conceptual  meaning  of  constraints  defined  for  humans,  and  the  constraints  serve  as  physical 
conditions  for  restricting  the  manifestation  of  a  certain  function.  In  this  sense,  the  constraints  and  the 
physical  conditions  have  an  interdependent  relationship. 

If  the  subjectivity  of  the  functional  evaluation  is  taken  into  account  to  select  parameters  of  the  con- 
straints  of  a  function  and  to  specify  the  criterial  values  thereof  based  on  this  assumption,  and  the  con- 

30  straints  are  allocated  to  the  corresponding  objective  functions,  the  functional  evaluation  by  humans 
can  be  modeled  as  an  evaluation  of  the  constraints.  On  the  basis  of  this  assumption,  the  functions  can 
be  quantified  and  expressed  in  a  quantified  amount. 

1-2-1.  Introduction  of  Sensibility  Engineering 
In  this  embodiment,  an  approach  of  sensibility  engineering  is  employed  for  the  assignment  of 

35  constraints  to  the  corresponding  objective  functions.  The  sensibility  engineering  aims  to  quantita- 
tively  handle  a  subjective  evaluation  of  an  object  by  assigning  objectively  evaluable  physical  quan- 
tities  to  the  subjective  evaluation.  More  specifically,  the  subjective  evaluation  is  quantified  by  the 
combination  of  psychological  tests  and  statistics.  In  this  embodiment,  the  probability  concerning 
the  subjectivity  of  a  function  (i.e.,  the  probability  of  the  manifestation  of  a  subjective  function)  is 

40  defined  as  a  ratio  of  the  number  of  people  who  recognize  the  manifestation  of  the  function  to  that 
of  a  population.  By  specifying  how  to  sample  the  population,  a  "domain  of  field"  is  defined  for  a  par- 
ticular  subjective  function  (see  Hiroyuki  Yoshikawa,  "Reliability  Engineering",  published  by  Corona 
Publication  (1979)).  The  domain  of  field  means  a  particular  area  appearing  in  the  field. 

According  to  the  aforesaid  approach,  the  subjective  evaluation  is  obtained  in  a  form  of  a  prob- 
45  ability  distribution  of  the  subjective  evaluation  versus  the  physical  parameter  (see  Fig.  2).  If  the  de- 

gree  of  the  manifestation  of  a  function  can  be  expressed  in  a  scale  of  the  probability,  the  balancing 
and  tradeoff  between  different  functions  will  become  possible.  The  degree  of  the  manifestation  of 
a  function  corresponds  to  the  aforesaid  "functional  quantity". 
1-2-2.  Functional  Quantity  and  Information  Quantity 

so  The  following  assumptions  are  derived  from  fundamental  properties  to  be  possessed  by  a  func- 
tional  quantity: 
(Assumption  1) 

The  functional  quantity  indicative  of  a  degree  of  the  manifestation  of  a  function  must  be  a  quan- 
tity  to  be  recognized  by  a  human.  However,  the  functional  quantity  will  never  be  changed  by  the 

55  degree  of  the  recognition  and,  therefore,  it  is  considered  that  the  change  in  the  functional  quantity 
is  due  to  a  change  in  the  content  of  the  manifesting  function; 
(Assumption  2) 

As  far  as  the  probability  concerning  the  functional  quantity  means  the  probability  concerning 
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subjectivity,  it  is  considered  that  the  functional  quantity  of  a  function  increases  with  a  higher  output 
probability; 
(Assumption  3) 

The  fact  that  a  probability  distribution  concerning  the  subjectivity  of  a  function  has  a  peak  in- 
5  dicates  that  there  exists  a  certain  consensus  on  the  function.  Therefore,  it  is  considered  that  the 

expectation  (which  is  referred  to  as  a  mean  functional  quantity)  of  the  function  is  high;  and 
(Assumption  4) 

It  is  required  to  explain  that  a  difference  in  the  evaluation  result  of  a  function  is  due  to  a  dif- 
ference  in  the  domain  of  a  field  employed  for  the  evaluation. 

w  Another  abstract  concept  which  is  influenced  by  the  subjectivity  similarly  to  the  function  is  "in- 
formation".  If  it  is  possible  to  define  an  "information  quantity"  for  information,  it  is  also  possible  to 
define  a  functional  quantity  for  a  function  in  a  similar  manner. 

Shannon  has  defined  the  information  quantity  (or  the  amount  of  information)  as  an  entropy 
change  caused  by  the  acceptance  of  the  information  (see  Hideki  Imai,  "Information  Theory",  pub- 

15  lished  by  Shokodo  (1  979)).  An  entropy  H(S)  of  an  information  source  S  is  obtained  from  the  following 
equation: 

m 
H(S)  =  -  S  p±  l o g 2 P i   . . . ( 1 )  

20  i = 1  

where  pi  means  occurrence  probabilities  Pi,  P2  and  pm  of  output  units  a ,̂a2  and  am  from  the  information 
source.  The  entropy  H(S)  is  also  referred  to  as  a  mean  information  quantity  IM,  and  indicates  a  mean  value  of 
the  information  quantities  which  are  obtained  when  one  output  from  the  information  source  S  is  detected.  The 

25  information  quantity  l(p)  of  an  output  is  obtained  from  the  following  equation: 
l(p)  =  -  log2p  (2) 

That  is,  the  information  quantity  is  modeled  by  way  of  the  probability  of  recognition,  and  varied 
depending  on  the  degree  of  the  recognition. 

There  are  some  differences  between  the  functional  quantity  and  thus  defined  information 
30  quantity.  First  of  all,  the  probability  concerning  the  functional  quantity  is  a  probability  expressed  in 

a  form  of  the  subjectivity  versus  the  physical  parameter  and,  therefore,  is  not  changed  by  the  degree 
of  the  recognition.  It  is  considered  on  the  basis  of  the  aforesaid  Assumption  2  that,  while  the  infor- 
mation  quantity  l(p)  serves  as  a  scale  of  the  probability  of  the  unknowability  of  particular  informa- 
tion,  the  functional  quantity  (assumed  as  F(p))  serves  as  a  scale  of  the  probability  of  the  manifes- 

35  tation  of  the  function.  In  the  theory  of  information  quantity,  the  mean  information  quantity  IM  shows 
a  minimum  value  when  any  one  of  the  probabilities  p1,  p2  and  pm  is  1  and  the  others  are  0,  and 
shows  a  maximum  value  when  p1  =  p2  =  ...  =  1/m,  or  all  the  occurrence  probabilities  of  the  output 
units  are  the  same.  In  the  theory  of  functional  quantity,  however,  a  mean  functional  quantity  FM 
must  have  an  opposite  pattern  in  accordance  with  the  aforesaid  Assumption  3. 

40  Accordingly,  with  reference  to  the  aforementioned  equations  concerning  the  information  quan- 
tity,  the  functional  quantity  F(p)  and  the  mean  functional  quantity  FM  are  defined  by  way  of  the  prob- 
ability  of  a  conceptual  matter  evaluated  by  a  human,  as  follows: 

F(p)  =  -  log2  (1  -  p)  (3) 

45 
m 

FM  =  "  s  Pi  lo92  (  *  ~  Pi  )  •  -  •  (  4  ) 

so  where  p  and  p;  are  probability  values  concerning  subjectivity. 
Thus  defined  functional  quantity  is  consistent  with  the  aforesaid  Assumption  4,  i.e.,  a  difference 

in  evaluation  result  can  be  explained  by  a  change  in  probability  distribution  concerning  subjectivity 
due  to  a  difference  in  the  domain  of  a  field  (see  Fig.  2). 

2.  Detailed  Description  of  Functional  Quantity 
55  2-1.  Calculation  of  Functional  Quantity 

The  calculation  of  the  functional  quantity  will  be  hereinafter  described.  The  probability  concerning 
subjectivity  which  is  necessary  to  calculate  the  functional  quantity  is  obtained  through  a  psychological 
evaluation  method  called  Semantic  Differential  (SD)  Method  (see  Mitsuo  Nagamachi,  "Sensibility  En- 
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gineering",  published  by  Kaibundo  (1988)).  The  SD  method  is  an  effective  psychological  test  for  the 
quantification  of  vague  impression  which  has  been  acquired  by  a  human.  A  psychological  test  by  the 
SD  method  follows  such  a  process  as  showing  a  plurality  of  different  samples  to  subjects  and  then 
sampling  impressions  about  the  respective  samples  from  the  subjects. 

5  An  example  case  in  which  an  electrostatic  copying  machine  is  used  as  an  objective  machine  will 
be  briefly  explained.  In  the  electrostatic  copying  machine,  an  electrostatic  latent  image  corresponding 
to  an  original  image  is  formed  on  the  surface  of  a  photoreceptor  body  by  exposing  the  surface  of  the 
uniformly  electrically-charged  photoreceptor  body  to  light.  The  electrostatic  latent  image  is  developed 
into  a  toner  image,  which  is  transferred  and  fixed  onto  a  copy  sheet.  Thus,  the  image  formation  on  the 

w  copy  sheet  is  achieved.  The  density  and  contrast  of  the  image  are  changed  by  changing  the  surface 
potential  of  the  photoreceptor  body. 

Subjects  are  shown  a  plurality  of  images  which  have  been  formed,  for  example,  with  different  value 
setting  of  the  surface  potentials  of  the  photoreceptor  body.  Domains  of  a  field,  which  are  a  premise  of 
the  functional  evaluation,  are  defined  by  the  kinds  of  images  and  subjects'  occupations.  Images  em- 

15  ployed  for  the  functional  evaluation  include,  for  example,  text  images  which  are  considered  to  be  rel- 
atively  important  as  image  outputs.  Subjects'  occupations  employed  for  the  functional  evaluation  in- 
clude,  for  example,  technical  staff  and  clerical  service. 

The  evaluation  of  the  outputs  of  text  images  is  preferably  conducted  by  evaluating  a  qualification- 
oriented  function  such  as  "more  beautiful  characters"  which  allows  a  comprehensive  evaluation.  How- 

20  ever,  the  expression  of  this  qualification-oriented  function  is  too  abstract  to  realize  a  direct  quantifica- 
tion  of  the  function.  In  this  case,  the  qualification-oriented  function  "more  beautiful  characters"  is  sub- 
divided  into  three  lower-level  functions  such  as  "clearer  characters",  "thicker  characters"  and  "cleaner 
background"  through  the  SD  method  (see  Fig.  3). 

Physical  constraints  which  influence  the  aforesaid  qualification-oriented  function  are  specified 
25  through  the  SD  method,  and  then  physical  parameters  capable  of  directly  controlling  the  physical  con- 

straints  are  derived.  When  probabilities  concerning  subjectivity  are  converted  into  functional  quanti- 
ties,  a  probability  density  function  concerning  subjectivity  is  required.  The  probability  density  function 
concerning  subjectivity  can  be  obtained  after  a  discrete  probability  distribution  concerning  subjectivity 
is  smoothed  into  a  continuous  probability  distribution. 

30  2-2.  Verification  of  Functional  Quantity 
If  it  is  possible  to  translate  the  function  into  physical  constraints  by  way  of  functional  quantities, 

it  is  considered  that  the  following  conditions  are  valid: 
(Condition  1) 

Af  unction  with  a  high  intuitive  expectation  must  show  a  peak  in  a  functional  evaluation  distribution 
35  and  have  a  high  mean  functional  quantity.  On  the  contrary,  a  function  with  a  low  intuitive  expectation 

must  have  a  flat  distribution  and  a  low  mean  functional  quantity;  and 
(Condition  2) 

The  characteristic  pattern  of  a  functional  quantity  in  a  field  must  show  a  distribution  which  is  con- 
sistent  with  our  intuitive  expectation. 

40  On  the  other  hand,  if  it  is  possible  to  evaluate  the  function  by  way  of  a  functional  quantity,  the  fol- 
lowing  condition  is  valid: 
(Condition  3) 

The  maximum  evaluation  of  a  qualification-oriented  function  must  be  obtained  by  setting  a  phys- 
ical  parameter  value  which  maximizes  the  functional  quantity. 

45  2-3.  Translation  of  Qualification-Oriented  Function  to  Physical  Constraints 
Figs.  4Aand  4B  show  a  result  of  a  functional  evaluation  which  has  been  conducted  on  qualification- 

oriented  functions  "clearer  characters"  and  "cleaner  background"  for  two  occupation  groups,  i.e.,  tech- 
nical  staff  group  and  clerical  service  group.  A  physical  parameter  employed  for  this  functional  evalua- 
tion  is  the  surface  potential  of  the  photoreceptor  body. 

so  As  can  be  seen  from  Figs.  4A  and  4B,  there  exists  an  apparent  difference  in  the  mean  functional 
quantity  between  these  two  functions,  and  the  difference  is  remarkable  especially  in  the  technical  staff 
group.  In  terms  of  the  expectation  degree  of  the  function,  it  is  considered  that  higher  expectation  is 
placed  on  the  qualification-oriented  function  of  "clearer  characters"  which  reflects  the  performance  of 
the  machine  than  on  the  qualification-oriented  function  of  "cleaner  background"  which  is  influenced 

55  by  the  kind  of  copy  sheets  in  use,  when  a  functional  evaluation  is  actually  conducted  on  a  copying  ma- 
chine.  That  is,  the  result  showing  that  the  qualification-oriented  function  of  "more  beautiful  characters" 
has  a  higher  mean  functional  quantity  than  the  qualification-oriented  function  of  "cleaner  background" 
is  consistent  with  our  intuitive  expectation,  and  supports  the  aforesaid  Condition  1. 



EP  0  647  904  A1 

Furthermore,  Fig.  4Ashows  that  the  mean  functional  quantity  of  the  qualification-oriented  function 
of  "clearer  characters"  is  higher  in  the  technical  staff  group  than  in  the  clerical  service  group.  This  is 
consistent  with  our  intuitive  expectation  that  the  functional  evaluation  requires  a  uniform  value  judge- 
ment  by  the  technical  staff  group.  This  supports  the  aforesaid  Condition  2.  Thus,  it  has  been  proved 

5  that  the  qualification-oriented  function  of  "more  beautiful  characters"  can  be  translated  into  a  physical 
parameter  by  using  a  functional  quantity. 
2-4.  Determination  of  Physical  Parameter  by  Functional  Quantity 

If  it  is  possible  to  determine  a  functional  weight  of  each  of  the  lower-layer  functions  shown  in  Fig. 
3  to  the  qualification-oriented  function  of  "more  beautiful  characters",  a  physical  parameter  value  which 

w  maximizes  the  functional  quantity  of  the  qualification-oriented  function  of  "more  beautiful  characters" 
can  be  obtained.  There  is  now  described  how  to  determine  the  physical  parameter  value. 

First  of  all,  weights  of  the  respective  lower-level  functions  are  determined  through  the  proportional 
allotment  by  the  mean  functional  quantity,  as  shown  in  Fig.  5.  Provided  that  the  functional  quantities 
of  the  lower-level  functions  of  "clearer  characters",  "cleaner  background",  and  "thicker  characters"  are 

15  denoted  by  F1,  F2  and  F3,  respectively,  the  functional  quantity  of  the  qualification-oriented  function 
of  "more  beautiful  characters"  is  obtained  from  the  following  equation  (5): 

F  =  ai  F1  +  a2  F2  +  a3  F3  (5) 
where  ai,  a2,  and  a3  are  the  weights  of  the  aforesaid  lower-level  functions.  In  the  case  shown  in  Fig.  5,  the 
values  of  the  weights  are  as  follows: 

20  a!  =  0.639 
a2  =  0.125 
a3  =  0.236 

The  value  of  the  physical  parameter  (in  this  case,  the  surface  potential  of  the  photoreceptor  body) 
is  set  to  a  value  C1  which  maximizes  the  functional  quantity  F  of  the  qualification-oriented  function 

25  "more  beautiful  characters"  (see  Fig.  6). 
Table  1  shows  an  evaluation  result  obtained  by  comparing  two  types  of  output  images:  (1)  one  is 

based  on  thus  determined  physical  parameter  value;  and  (2)  the  other  is  based  on  a  physical  parameter 
value  which  has  been  set  in  a  conventional  way  by  designers. 

30  Table  1. 

Evaluation  of  Output  Images 

Number  of  people  who  support  output  image  of  type  (1) 17/25 

Number  of  people  who  support  output  image  of  type  (2) 35 8/25 

As  can  be  seen  from  this  result,  the  output  image  based  on  the  physical  parameter  value  derived 
from  the  functional  quantity  is  more  supported  and,  therefore,  the  aforesaid  Condition  3  is  satisfied. 
This  proves  the  feasibility  of  the  functional  evaluation  by  the  functional  quantity. 

40  It  is  considered  that  the  causes  that  there  exists  a  difference  between  the  physical  parameter  value 
determined  by  the  functional  quantity  and  the  design  value  set  by  the  designers  are  as  follows: 
(Cause  1) 

The  parameter  value  set  at  the  time  of  designing  is  based  on  a  result  of  a  tradeoff  among  the  other 
qualification-oriented  functions  such  as  "better  contrast"  and  "better  gradation",  and  is  therefore  dif- 

45  ferent  from  that  based  on  the  functional  quantity  obtained  by  limiting  the  objective  function  to  the  qual- 
ification-oriented  function  of  "more  beautiful  characters";  and 
(Cause  2) 

It  is  difficult  for  the  designers  to  take  into  account  all  combinations  of  parameter  values  to  satisfy 
a  plurality  of  qualification-oriented  functions,  because  a  query  field  is  too  large.  Therefore,  the  design- 

50  ers  could  not  find  the  setting  value  which  was  obtained  by  using  the  functional  quantity  in  this  exper- 
imental  functional  evaluation. 

3.  Examples  of  Self-Repairing  Function  according  to  the  Present  Invention 
3-1.  System  Construction 

Fig.  7  is  a  conceptual  diagram  illustrating  the  major  construction  of  an  image  forming  apparatus 
55  to  which  one  embodiment  of  the  present  invention  is  applicable.  Around  a  right-cylindrical  photoreceptor 

body  1  are  disposed  a  main  charger  2,  developing  unit  3,  transfer  charger4,  separator  charger  5,  clean- 
ing  unit  6,  and  charge  erase  lamp  7  along  a  rotational  direction  8  of  the  photoreceptor  body  1  .  The  sur- 
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face  of  the  photoreceptor  body  1  uniformly  charged  through  corona  discharge  by  the  main  charger  2 
is  exposed  to  light  from  an  exposure  light  source  9,  thereby  forming  an  electrostatic  latent  image  cor- 
responding  to  an  image  to  be  formed.  The  electrostatic  latent  image  is  developed  into  a  toner  image 
by  means  of  the  developing  unit  3.  The  toner  image  is  transferred  onto  a  copy  sheet  1  0  through  corona 

5  discharge  by  the  transfer  charger  4.  The  copy  sheet  carrying  the  toner  image  on  the  surface  thereof 
is  separated  from  the  photoreceptor  body  1  through  corona  discharge  by  the  separator  charger  5.  After 
the  copy  sheet  is  removed,  residual  toner  on  the  surface  of  the  photoreceptor  body  1  is  removed  by 
the  cleaning  unit  6.  The  charge  erase  lamp  7  serves  to  remove  residual  electric  charge  by  exposing 
the  entire  surface  of  the  photoreceptor  body  1  to  light. 

w  The  exposure  light  source  9  may  be  comprised  of  an  optical  system  of  a  type  which  illuminates 
and  scans  a  document  original,  while  guiding  reflective  light  from  the  document  original  to  the  photo- 
receptor  body  1  ,  or  a  laser  light  source  or  a  light-emitting  diode  array  each  of  which  is  actuated  in  cor- 
respondence  with  an  image  to  be  formed. 

From  a  high  voltage  unit  12  for  charging,  a  high  voltage  is  applied  to  the  main  charger  2.  From  a 
15  high  voltage  unit  14  for  transfer  and  a  high  voltage  unit  15  for  separation,  a  high  voltage  is  applied  to 

the  transfer  charger  4  and  separator  charger  5,  respectively.  A  high  voltage  is  also  applied  to  the  de- 
veloping  unit  3  from  a  development  bias  circuit  13  for  applying  a  development  bias  voltage  between 
the  photoreceptor  body  1  and  the  developing  unit  3.  Power  is  supplied  to  the  charge  erase  lamp  7  from 
a  lamp  actuator  circuit  17.  The  high  voltage  units  12,  14  and  15,  the  development  bias  circuit  13,  the 

20  lamp  actuator  circuit  17,  and  the  exposure  light  source  9  are  controlled  by  a  control  system  20.  The 
control  system  20  includes  a  micro-  processor,  and  implements  control  operations  based  on  output  sig- 
nals  of  a  light  quantity  sensor  S1  ,  a  surface  potential  sensor  S2,  and  a  toner  image  density  sensor  S3. 
The  light  quantity  sensor  S1  detects  the  quantity  of  light  from  the  exposure  light  source  9.  The  surface 
potential  sensor  S2  detects  the  surface  potential  of  the  photoreceptor  body  1  after  light  exposure.  The 

25  toner  image  density  sensor  S3  detects  the  density  of  a  toner  image  transferred  onto  a  copy  sheet  10. 
Fig.  8  is  a  block  diagram  illustrating  the  structure  of  the  control  system  20,  in  which  processing 

functions  implemented  by  the  micro-  processor  are  shown  in  respective  function  groups. 
The  control  system  20  carries  out  a  fault  diagnosis,  based  on  the  outputs  of  the  sensors  S1,  S2 

and  S3,  and  prepares  a  repair  plan  for  repairing  a  diagnosed  fault.  At  the  time  of  preparing  the  repair 
30  plan,  probable  repair  effects  and  candidate  repairing  methods  are  derived  from  a  functional  quantity, 

as  will  be  described  later.  Based  on  the  prepared  repair  plan,  the  control  system  20  controls  actuators, 
namely,  the  exposure  light  source  9,  development  bias  circuit  13,  high  voltage  units  12,  14  and  15, 
and/or  lamp  actuator  circuit  17. 

The  output  signals  of  the  sensors  S1,  S2  and  S3  are  amplified  by  means  of  an  amplifier  circuit 
35  21,  then  converted  into  digital  signals  by  means  of  an  A/D  (analog/digital)  convertor  circuit  22,  and  sent 

to  a  digital  signal/symbol  conversion  section  23. 
The  digital  signal/symbol  conversion  section  23  converts  digital  signals  from  the  A/D  convertor  cir- 

cuit  22  into  qualitative  data.  That  is,  the  digital  signals  from  the  A/D  convertor  circuit  22  are  converted, 
for  example,  into  any  one  of  three  symbols  N,  H  and  L  indicative  of  "normal",  "high"  and  "low",  respec- 

40  tively.  An  approach  to  the  fault  diagnosis  is  facilitated  by  converting  the  digital  signals  from  the  sensors 
S1  ,  S2  and  S3  into  the  symbolized  qualitative  data. 

When  the  digital  signals  are  converted  into  a  symbol  in  the  digital  signal/symbol  conversion  section 
23,  reference  is  made  to  objective  models  stored  in  an  objective  model  storage  section  26,  namely, 
characteristic  data  intrinsic  to  the  image  forming  apparatus  of  this  embodiment.  Specific  examples  of 

45  the  characteristic  data  stored  in  the  objective  model  storage  section  26  are  shown,  for  example,  in  the 
prior  application  filed  by  the  applicant  of  the  present  invention,  such  as  disclosed  in  Japanese  Unex- 
amined  Patent  Publication  No.4-1  30340  (1992)  and,  therefore,  will  not  be  described  here. 

The  symbols  utilized  for  the  conversion  in  the  digital  signal/symbol  conversion  section  23  is  not 
limited  to  the  aforesaid  three  symbols  N,  H  and  L,  but  may  employ  other  expressions  such  as  "On"  and 

so  "Off,  and  A,  B,  C  and  D.  Alternatively,  not  only  qualitative  values  but  also  fuzzy  qualitative  values  may 
be  employed  for  the  conversion,  as  described  in  Japanese  Unexamined  Patent  Publication  No.4- 
274455(1992). 

The  output  of  the  digital  signal/symbol  conversion  section  23  is  sent  to  a  fault  diagnosis  section 
25.  By  comparing  the  output  symbol  with  the  fault  diagnosis  knowledge  preliminarily  stored  in  the  ob- 

55  jective  model  storage  section  26,  the  fault  diagnosis  section  25  judges  whether  there  exists  any  fault 
or  not,  and  makes  a  fault  diagnosis.  The  fault  diagnosis  section  25  outputs  the  symbol  to  a  simulation 
section  30.  The  simulation  section  30  compares  the  output  symbol  with  the  characteristic  data  of  the 
objective  apparatus  stored  in  the  objective  model  storage  section  26,  simulates  a  fault  state  of  the  ob- 
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jective  apparatus,  expresses  the  fault  state  as  a  change  in  a  parameter  model,  and  then  outputs  the 
charge  in  a  parameter  model  to  the  fault  diagnosis  section  25. 

A  repair  planning  section  35,  when  receiving  a  signal  indicative  of  the  presence  of  a  fault  from  the 
fault  diagnosis  section  25,  infers  a  repair  plan  for  repairing  the  fault,  and  derives  repairing  operations 

5  to  be  carried  out.  The  characteristic  data  stored  in  the  objective  model  storage  section  26  are  utilized 
for  the  inference  of  the  repair  plan  and  the  derivation  of  the  repair  operations. 

The  simulation  section  30  also  simulates  a  state  of  the  apparatus  which  may  occur  when  the  repair 
plan  is  implemented.  The  simulation  section  30,  when  simulating  the  state  of  the  apparatus,  refers  to 
data  stored  in  the  objective  model  storage  section  26  in  substantially  the  same  manner  as  the  aforesaid 

w  simulation  of  the  state  of  the  fault.  The  simulation  result  obtained  by  the  simulation  section  30  is  output 
to  the  repair  planning  section  35.  The  repair  planning  section  35  modifies  the  previously  inferred  repair 
plan  and/or  infers  another  repair  plan. 

According  to  this  embodiment,  the  apparatus  also  has  a  functional  quantity  conversion/judgement 
section  31  and  functional  quantity  data  storage  section  32. 

15  The  functional  quantity  data  storage  section  32  stores  a  table  which  contains  characteristic  pat- 
terns  of  functional  quantities  for  physical  parameters  concerning  various  functions.  That  is,  character- 
istic  patterns  of  the  relationship  between  a  functional  quantity  and  a  physical  parameter  for  various 
functions  as  shown  in  Fig.  6  are  preliminarily  studied  and  stored  in  the  functional  quantity  data  storage 
section  32. 

20  The  functional  quantity  conversion/judgement  section  31  ,  when  receiving  a  qualitative  symbol  data 
indicative  of  the  fault  state  of  the  apparatus  from  the  fault  diagnosis  section  25,  judges  the  degree  of 
the  manifestation  of  each  of  the  functions  of  the  apparatus.  That  is,  the  functional  quantity  conver- 
sion/judgement  section  31  refers  to  characteristic  patterns  of  the  functional  quantities  for  the  physical 
parameters  stored  in  the  functional  quantity  data  storage  section  32  and  determines  a  functional  quan- 

25  tity  of  each  of  the  manifesting  functions.  The  judgement  result  is  output  to  the  fault  diagnosis  section 
25.  With  reference  to  this  judgement  result,  the  fault  diagnosis  section  25  realizes  an  accurate  fault  di- 
agnosis. 

When  receiving  the  repair  plan  and  proposed  repair  operations  from  the  repair  planning  section 
35,  the  functional  quantity  conversion/judgement  section  31  calculates  a  functional  quantity  of  each 

30  of  the  functions  manifesting  as  a  result  of  the  repair  operations,  and  then  determines  the  most  prefer- 
able  repairing  target  by  comparing  the  functional  quantities  of  the  functions.  The  most  preferable  re- 
pairing  target  is  output  to  the  repair  planning  section  35. 

A  symbol  indicative  of  the  repairing  operation  finally  determined  by  the  repair  planning  section  35 
is  output  to  a  symbol/digital  signal  conversion  section  36,  in  which  the  symbol  is  converted  into  digital 

35  signals  with  reference  to  the  characteristic  data  stored  in  the  objective  model  storage  section  26. 
The  converted  digital  signals  are  converted  into  analog  signals  by  means  of  a  D/A  (digital/analog) 

convertor  circuit  37,  and  then  output  to  a  control  circuit  38.  The  control  circuit  38  controls  the  actuators 
including  the  exposure  light  source  9,  development  bias  circuit  13,  high  voltage  units  12,  14  and  15, 
and/or  lamp  actuator  circuit  17,  thereby  self-repairing  the  fault  which  has  been  occurred. 

40  In  the  foregoing,  the  comprehensive  construction  and  control  operations  of  the  control  system  20 
has  been  outlined.  Among  the  aforementioned  control  operations,  every  means  of  the  fault  diagnosis 
in  the  fault  diagnosis  section  25,  the  inference  of  the  repair  plan  and  the  derivation  of  the  repairing  op- 
erations  in  the  repair  planning  section  35,  and  the  simulating  a  state  of  the  apparatus  in  the  simulation 
section  30  are  detailed,  for  example,  in  the  prior  application  filed  by  the  applicant  of  the  present  inven- 

45  tion,  such  as  disclosed  in  Japanese  Unexamined  Patent  Publication  No.4-1  30340  (1992). 
Next,  there  will  be  described  the  content  of  data  stored  in  the  functional  quantity  data  storage  sec- 

tion  32  and  the  control  operations  implemented  by  the  functional  quantity  conversion/judgement  sec- 
tion  31  with  reference  to  such  data,  both  of  which  are  the  features  of  the  present  invention.  3-2.  Finding 
a  Compromise  on  Secondary  Effects 

so  When  one  function  is  degraded,  an  attempt  is  made  to  recover  the  function  by  operating  an  ac- 
tuator  relating  to  the  function.  This  may  produce  secondary  effects  such  as  the  degradation  of  the  an- 
other  function.  In  a  conventional  apparatus  having  a  self-repairing  function,  secondary  effects  accom- 
panied  with  a  repair  operation  are  taken  into  consideration  in  a  parameter  model  when  a  repair  plan  is 
inferred.  However,  the  conventional  apparatus  having  a  self-repairing  function  makes  such  an  extreme 

55  judgement  as  "if  a  secondary  effect  occurs  as  a  result  of  a  repairing  operation,  the  repair  operation  is 
to  be  discontinued".  On  the  contrary,  the  apparatus  of  this  embodiment  can  flexibly  handle  a  trade- 
off  between  functions  by  comparing  the  functions  through  the  approximate  quantification  of  the  func- 
tions.  For  example,  when  there  occurs  such  a  situation  as  "though  a  function  A  to  be  repaired  is  re- 
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covered  by  a  repair  operation  a,  the  degradation  of  a  function  B  occurs  as  a  secondary  effect",  the 
apparatus  of  this  embodiment  takes  into  account  the  balance  of  all  the  functions  thereof  to  flexibly  carry 
out  the  repair  operation.  That  is,  it  is  possible  to  make  a  judgement  on  the  repair  such  as  "whether  the 
repair  operation  Ashould  be  done  or  not,  and  if  it  should  be  done,  how  far  the  operation  should  be  carried 

5  out". 
Fig.  9  shows  a  parameter  model  used  for  the  judgement  on  secondary  effects.  This  parameter 

model  is  used  for  the  judgement  on  the  secondary  effects  associated  with  the  density  of  an  output  im- 
age  and  an  image  contrast,  and  is  preliminarily  stored  in  the  objective  model  storage  section  26.  The 
reference  characters  shown  in  Fig.  9  denote  parameters  necessary  for  image  forming.  The  parameters 

w  are  influenced  with  each  other  along  the  stems  of  a  tree-shape  structure  of  the  model.  For  example, 
a  light  quantity  X  of  a  halogen  lamp  is  changed  by  an  output  HL  of  the  halogen  lamp  and  a  density  D 
of  a  document  original.  That  is,  if  HL  increases  or  D  decreases,  X  increases.  On  the  contrary,  if  HL 
decreases  or  D  increases,  X  decreases. 

Similarly,  an  output  image  density  Os  changes  proportionally  to  the  product  of  a  toner  density  Ds 
15  on  the  photoreceptor  drum  and  an  output  Vt  of  the  transfer  charger.  Accordingly,  when  Os  changes, 

the  change  may  be  attributed  to  a  change  in  Ds  or  Vt. 
Provided  that  such  a  fault  symptom  as  "decreased  density  on  solid  portion"  is  output  to  the  repair 

planning  section  35  from  the  fault  diagnosis  section  25,  the  repair  planning  section  35  infers  a  repair 
operation  in  which  an  output  Vn  of  the  main  charger  2  is  increased.  The  result  of  this  inference  is  sent 

20  to  the  simulation  section  30,  which  simulates  a  state  of  the  apparatus  which  may  occur  when  the  afore- 
said  repair  operation  is  implemented.  On  the  basis  of  the  parameter  model  shown  in  Fig.  9,  the  simu- 
lation  section  30  points  out  a  secondary  effect  of  "increased  image  contrast  Ic",  which  is  output  to  the 
repair  planning  section  35. 

The  repair  planning  section  35  outputs  the  inferred  repair  operation  and  the  simulated  secondary 
25  effect  to  the  functional  quantity  conversion/judgement  section  31.  Upon  receiving  these  outputs,  the 

functional  quantity  conversion/judgement  section  31  refers  to  the  characteristic  patterns  of  the  func- 
tional  quantities  stored  in  the  functional  quantity  data  storage  section  32,  and  carries  out  the  following 
process. 

The  functional  quantity  conversion/judgement  section  31  balances  the  two  faulty  functions,  i.e., 
30  "decreased  density  on  solid  portion"  and  "increased  image  contrast".  For  the  balancing  of  these  two 

functions,  the  functional  quantity  conversion/judgement  section  31  read  out  characteristic  patterns  of 
functional  quantities  concerning  two  corresponding  functions  of  "more  beautiful  solid  portion"  and 
"better  contrast"  stored  in  the  functional  quantity  data  storage  section  32.  These  characteristic  patterns 
are  shown  in  Figs.  10Aand  10B.  Figs.  10Aand  1  0B  show  the  characteristic  patterns  of  functional  quan- 

35  tities  concerning  the  functions  of  "more  beautiful  solid  portion"  and  "better  contrast",  respectively. 
These  functions  are  lower-level  functions  subordinating  to  a  function  of  "more  beautiful  image". 

Based  on  the  characteristic  patterns  of  the  aforesaid  two  functional  quantities,  the  functional  quan- 
tity  conversion/judgement  section  31  calculates  the  output  image  density  Os  and  image  contrast  Ic 
which  ensure  the  maximum  performance  of  the  whole  apparatus,  and  sets  a  value  of  a  physical  para- 

40  meter  Vn  (indicative  of  the  output  of  the  main  charger  2)  for  self-repair. 
As  shown  in  Figs.  10Aand  10B,  for  example,  the  output  density  Os  and  the  image  contrast  Ic  each 

take  a  value  (1)  when  the  function  is  normal,  and  take  a  value  (2)  when  a  fault  (decreased  density  on 
solid  portion)  occurs.  As  can  be  seen  from  the  parameter  model  shown  in  Fig.  9,  the  shifting  direction 
of  the  output  Vn  of  the  main  charger  2  for  the  repair  operation  is  the  same  as  that  of  the  output  image 

45  density  Os  and  image  contrast  Ic  and,  therefore,  the  function  concerning  the  contrast  is  degraded  when 
the  fault  is  repaired  by  controlling  Vn.  Accordingly,  a  tradeoff  between  the  functions  is  required. 

Functional  quantities  Fn,  Ff,  and  Fr  respectively  defined  for  normal  state,  faulty  state,  and  repaired 
state  are  calculated  as  follows: 

Normal  state  Fn  =  aF1  +  bF1' 
50  Faulty  state  Ff  =  aF2  +  bF2' 

Repair  state  Fr  =  aF3  +  bF3' 
where  a  and  b  are  mean  functional  quantities  of  the  functions  of  "more  beautiful  solid  portion"  and 
"good  contrast",  respectively,  and  are  normalized  so  that  a+b  =  1. 

The  relationship  between  these  functional  quantities  is  as  follows: 
55  Fn  is  Fr  >  Ff 

Accordingly,  the  functional  quantity  conversion/  judgement  section  31  specifies  a  value  of  the 
physical  parameter  (the  output  Vn  of  the  main  charger  2)  so  that  Fr  takes  the  maximum  value,  and  the 
parameter  value  is  output  to  the  repair  planning  section  35.  From  the  output  parameter  value,  the  repair 
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planning  section  35  derives  a  repair  operation  of  increasing  the  output  Vn  of  the  main  charger  2  for  the 
repair  of  the  fault  of  "decreased  density  on  solid  portion",  and  outputs  the  degree  of  the  repair  operation 
to  be  implemented,  i.e.,  the  output  Vn  of  the  main  charger  2  to  be  increased.  As  a  result,  the  repair  can 
be  implemented  so  as  to  maximize  the  function  of  "more  beautiful  image". 

5  3-3.  Quantification  of  Repairing  Effects 
When  a  function  is  degraded,  the  approach  according  to  this  embodiment,  i.e.,  the  approach  by 

comparing  functions  with  each  other  through  approximate  quantification,  is  very  effective  for  the  repair 
operation  by  controlling  a  parameter  relative  to  the  manifestation  of  a  function  as  well  as  for  a  repair 
operation  through  functional  redundancy  as  described  above.  The  term  "functional  redundancy"  means 

w  that,  in  substitution  for  a  function  of  one  component  in  an  apparatus,  potential  functions  of  the  other 
components  existing  in  the  apparatus  are  utilized.  The  repair  operation  through  functional  redundancy 
is  described,  for  example,  in  prior  applications  filed  by  the  applicant  of  the  present  invention,  such  as 
disclosed  in  Japanese  Unexamined  Patent  Publication  No.  5-165275  (1993). 

In  the  repair  operation  through  functional  redundancy,  a  plurality  of  candidates  of  repairing  meth- 
15  ods  may  be  derived.  In  such  a  case,  a  repairing  effect  on  the  whole  apparatus  is  inferred  for  each  of 

the  repairing  methods  by  comparing  the  degree  of  functional  recovery  and  risk  which  may  be  brought 
about  when  said  each  repairing  method  is  employed.  The  degree  of  functional  recovery  means  an  in- 
crease  in  the  functional  quantity,  and  the  risk  means  adverse  effects  which  may  be  caused  by  the  re- 
pairing  method.  The  adverse  effects  include  an  increased  power  consumption,  slower  speed  of  image 

20  formation,  and  shorten  life  time  of  apparatus. 
Therefore,  if  the  risk  is  quantified  by  functional  quantities,  the  effect  and  risk  can  be  compared 

and  the  quantification  of  the  repairing  effect  is  realized  through  calculation.  The  most  preferable  re- 
pairing  method  can  be  selected  from  a  plurality  of  candidate  repairing  methods,  based  on  the  quantified 
repairing  effect  employed  as  a  criterion  of  the  selection. 

25  Taking  an  example  of  an  apparatus  having  a  self-repairing  function  of  functional  redundancy  type 
disclosed  in  Japanese  Unexamined  Patent  Publication  No.  5-165275  (1993),  the  quantification  of  a  re- 
pairing  effect  will  be  hereinafter  described.  The  construction  of  the  apparatus  is  the  same  as  that  shown 
in  Fig.  7.  It  is  assumed  that  the  following  repairing  methods  are  proposed  fora  fault  of  the  filament  break- 
age  of  a  charge  removal  lamp: 

30  (Repairing  method  1) 
A  halogen  lamp  (which  is  assumed  to  be  included  in  an  exposure  light  source  9)  is  alternatively 

used  to  recover  the  charge  erase  function;  and 
(Repairing  method  2) 

A  separator  charger  5  is  alternatively  used  to  recover  the  charge  erasel  function. 
35  Both  of  the  aforesaid  repairing  methods  can  recover  the  charge  erase  function,  and  make  out  the 

image  forming  operation.  However,  these  repairing  methods  accompany  the  following  risks: 
(Risk  of  repairing  method  1) 

Since  the  power  consumption  of  the  halogen  lamp  is  high,  the  prolonged  lighting  time  of  the  ha- 
logen  lamp  increases  the  power  consumption  of  the  whole  apparatus;  and 

40  (Risk  of  repairing  method  2) 
Since  a  photoreceptor  body  1  has  to  rotate  two  times  to  form  an  image  on  one  copy  sheet,  the 

speed  of  the  image  formation  is  reduced  to  half.  Furthermore,  the  size  of  a  copy  sheet  is  limited  (the 
length  of  the  copy  sheet  is  not  greater  than  the  circumference  of  the  photoreceptor  body  1  is  not  ap- 
plicable). 

45  In  this  case,  it  is  reasonable  to  take  into  account  both  of  the  risk  and  effect  (charge  removal  effect) 
for  the  selection  of  a  repairing  method.  By  reading  out  and  comparing  functional  quantity  data  relative 
to  a  function  corresponding  to  the  riskand  a  function  corresponding  to  the  effect  which  are  preliminarily 
stored  in  a  functional  quantity  data  storage  section  32,  a  repairing  method  which  increases  the  com- 
prehensive  performance  of  the  apparatus  is  selected. 

so  Fig.  11  shows  characteristic  patterns  of  functional  quantities  of  functions  each  corresponding  to 
the  risk  and  the  effect  for  the  repairing  method  of  "the  halogen  lamp  is  alternatively  used  to  recover 
the  charge  erase  function".  Fig.  11  (a)  shows  a  characteristic  pattern  of  the  functional  quantity  versus 
the  residual  charge  fora  function  of  "more  beautiful  image".  Fig.  11  (b)  shows  a  characteristic  pattern 
of  the  functional  quantity  versus  the  power  consumption  for  a  function  of  "lower  copying  cost".  In  Fig. 

55  11  ,  (1),  (2)  and  (3)  denote  values  which  are  observed  at  a  normal  state,  at  a  faulty  state  (filament  break- 
age  of  charge  removal  lamp)  and  at  a  repaired  state,  respectively.  The  functional  quantity  Frepair1  at 
the  repaired  state  is  obtained  from  the  following  equation  (6): 

Frepair1  =  CF3  +  dF3'  (6) 
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where  c  and  d  are  mean  functional  quantities  for  the  function  of  "more  beautiful  image"  and  the  function  of 
"lower  copying  cost",  respectively,  and  are  normalized  so  that  c  +  d  =  1  . 

Fig.  12  shows  characteristic  patterns  of  functional  quantities  of  functions  each  corresponding  to 
the  risk  and  effect  for  the  repairing  method  of  "separator  charger  is  alternatively  used  to  recover  the 

5  charge  erase  function".  Fig.  12(a)  shows  a  characteristic  pattern  of  the  functional  quantity  versus  the 
residual  charge  for  a  function  of  "more  beautiful  image".  Fig.  12(b)  shows  a  characteristic  pattern  of 
the  functional  quantity  versus  the  copying  speed  for  a  function  of  "faster  copying  speed".  Fig.  12(c) 
shows  a  characteristic  pattern  of  the  functional  quantity  versus  the  maximum  size  of  copy  sheet  for  a 
function  of  "desired  copy  size".  In  Fig.  12,  (1),  (2)  and  (3)  denote  values  which  are  observed  at  a  normal 

w  state,  at  a  faulty  state  (filament  breakage  of  charge  removal  lamp)  and  at  a  repaired  state,  respectively. 
The  functional  quantity  Frepair2  at  the  repaired  state  is  obtained  from  the  following  equation  (7): 

Frepair2  =  eF3  +  fF3"  +  gF3'"  (7) 
where  e,  f  and  g  are  mean  functional  quantities  for  the  function  of  "more  beautiful  image",  the  function  of  "faster 
copying  speed",  and  the  function  of  "desired  copy  size",  respectively,  and  are  normalized  so  that  e  +  f  +  g  = 

15  1. 
Thus  obtained  functional  quantities  Frepair1  and  Frepair2  each  corresponding  to  the  aforesaid  first 

and  second  repairing  methods  are  compared  with  each  other.  Arepairing  method  having  a  greaterfunc- 
tional  quantity  is  employed  as  a  feasible  repairing  method  to  be  implemented.  Hence,  the  most  prefer- 
able  repairing  method  which  maximizes  the  comprehensive  performance  of  the  apparatus  is  selected. 

20  3-3.  Timing  of  Implementing  Repairing  Operation 
The  timing  of  implementing  a  repairing  operation  is  changed,  depending  on  the  kind  and  degree 

of  a  fault  which  has  occurred.  That  is,  the  degree  of  comprehensive  performance  degradation  of  the 
apparatus  is  quantified  by  a  functional  quantity,  based  on  the  kind  and  degree  of  a  fault.  The  timing 
of  implementing  a  repairing  operation  is  determined  based  on  the  functional  quantity.  For  this  purpose, 

25  characteristic  patterns  of  functional  quantities  for  functions  relative  to  faults  are  previously  stored  in 
the  functional  quantity  data  storage  section  32. 

When  such  a  fault  symptom  as  "no  image  formed"  occurs,  for  example,  the  apparatus  may  notf  unc- 
tion  at  all.  In  this  case,  a  calculated  functional  quantity  to  be  calculated  is  extremely  small.  Since  it  is 
desired  to  recover  the  function  as  soon  as  possible,  diagnosis  and  repair  operations  are  immediately 

30  carried  out. 
On  the  other  hand,  when  such  a  fault  symptom  as  "a  little  foggy  background"  occurs,  it  is  not  nec- 

essary  to  repair  the  fault  immediately.  That  is,  users  are  more  adversely  influenced  by  a  repairing  op- 
eration  which  interrupts  the  operation  of  the  apparatus  than  by  the  performance  degradation  due  to 
the  fault.  Therefore,  the  repairing  operation  for  this  fault  is  carried  out  when  the  copying  machine  is  not 

35  in  use  (e.g.,  during  nighttime).  Thus,  users'  working  efficiency  is  not  reduced  by  the  repairing  operation. 
The  judgement  that  the  fault  symptom  is  trivial  is  based  on  a  fact  that  the  functional  quantity  is  relatively 
high. 

4.  Conclusion 
According  to  this  embodiment,  there  is  introduced  a  concept  of  functional  quantities  indicative  of  quan- 

40  tif  ied  functional  degrees  of  functions  required  for  the  image  forming  apparatus.  Correct  fault  diagnosis 
and  repair  can  be  realized  by  utilizing  the  functional  quantities. 

More  specifically,  even  if  a  certain  repairing  method  employed  forthe  recovery  of  a  particularfunction 
adversely  affects  any  other  function,  the  repairing  method  can  be  appropriately  applied  through  a  trade- 
off  between  these  functions. 

45  If  a  plurality  of  repairing  methods  are  proposed,  the  most  preferable  repairing  method  can  be  reliably 
employed  because  the  efficiency  of  the  repairing  methods  are  judged  based  on  functional  quantities. 

Furthermore,  since  the  criticality  of  a  fault  can  be  quantified,  the  timing  of  implementing  a  fault  re- 
pairing  operation  can  be  specified  based  on  with  the  criticality  of  the  fault.  Therefore,  the  repairing  oper- 
ation  does  not  lower  users'  working  efficiency. 

so  Although  the  present  invention  has  been  described  in  the  context  of  preferred  embodiments,  it  should 
be  understood  that  the  same  is  not  limited  to  the  foregoing  embodiments  which  take  examples  of  image 
forming  apparatus,  and  is  applicable  to  various  apparatus  which  can  employ  a  self-repairing  function. 

It  should  be  also  understood  that  a  variety  of  modifications  can  be  made  to  the  present  invention  with- 
out  departing  from  the  scope  of  the  present  invention  as  defined  in  the  accompanying  claims. 

55 
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Claims 

1.  An  apparatus  having  a  self-repairing  function  which  implements  a  self-repair  of  a  fault  which  prevents 
the  apparatus  from  satisfactorily  performing  a  given  function,  said  apparatus  comprising: 

5  a  functional  quantity  data  storage  means  (32)  for  decomposing  said  given  function  into  a  plurality 
of  more  specific  lower-level  functions,  specifying  for  each  of  said  plural  lower-level  functions  a  functional 
quantity  indicative  of  a  quantified  functional  degree  of  said  each  lower-level  function,  and  storing  prelim- 
inarily  investigated  characteristic  data  of  the  functional  quantity  indicative  of  a  relationship  between  the 
functional  quantity  and  a  change  in  a  physical  parameter  relative  to  the  functional  quantity; 

w  a  repair  plan  proposing  means  (35)  for  suggesting  a  physical  parameter  which  should  be  changed 
for  the  repair  of  the  fault  and  a  secondary  effect  which  may  be  produced  by  a  change  in  said  physical 
parameter  when  the  fault  occurs; 

a  functional  quantity  calculation  means  (31)  for  reading  out  of  said  functional  quantity  data  storage 
means  (32)  characteristic  data  of  functional  quantities  of  the  lower-level  functions  corresponding  to  the 

15  suggested  physical  parameter  and  characteristic  data  of  functional  quantities  of  the  lower-level  function 
to  be  changed  by  the  secondary  effect,  and  calculating  the  most  preferably  balanced  state  of  the  read- 
out  functional  quantities  of  the  lower-level  functions  for  the  repair  of  the  fault;  and 

a  self-repair  implementation  means  (31,  36)  for  determining  a  change  value  of  the  physical  para- 
meter  suggested  by  said  repair  plan  proposing  means  (35)  based  on  the  calculated  functional  quantity, 

20  and  altering  the  physical  parameter  by  the  determined  change  value  to  implement  a  self-repair  of  the  ap- 
paratus. 

2.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  claim  1,  said  apparatus  further  comprising 
a  fault  detection  means  for  detecting  a  fault  occurring. 

25 
3.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  claim  2,  wherein  said  fault  detection  means 

comprises: 
sensors  (S1,  S2,  S3)  disposed  in  predetermined  locations  in  the  apparatus  for  outputting  a  signal 

indicative  of  the  state  of  the  apparatus; 
30  a  qualitative  value  conversion  means  (23)  for  converting  an  output  of  said  sensors  (S1  ,  S2,  S3) 

into  a  qualitative  value  corresponding  to  the  output  value; 
an  objective  model  storage  means  (26)  for  storing  characteristic  data  of  the  apparatus;  and 
a  fault  diagnosis  means  (25)  for  comparing  the  qualitative  value  given  by  said  qualitative  value  con- 

version  means  (23)  with  the  characteristic  data,  and  outputting  the  occurrence  of  a  fault  and  the  state  of 
35  the  fault  based  on  the  comparison  result. 

4.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  any  one  of  claims  1  to  3,  wherein 
said  apparatus  is  constructed  as  an  image  forming  apparatus,  and 
data  stored  in  said  functional  quantity  data  storage  means  (32)  include  characteristic  data  of  func- 

tional  quantities  concerning  a  plurality  of  lower-level  functions  subordinating  to  a  function  of  "more  at- 
tractive  image" 

5.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  any  one  of  claims  1  to  4,  wherein  data  stored 
in  said  functional  quantity  data  storage  means  (32)  include: 

characteristic  data  of  a  functional  quantity  relative  to  an  effect  which  is  to  be  produced  when  an 
45  occurring  fault  is  repaired;  and 

characteristic  data  of  a  functional  quantity  relative  to  a  risk  which  is  to  be  caused  when  the  occurring 
fault  is  repaired,  and  said  functional  quantity  calculation  means  (31)  is  adapted  to  balance  the  manifes- 
tation  degrees  of  the  functional  quantities  relative  to  the  effect  and  the  risk  which  are  read  out  of  the  func- 
tional  quantity  data  storage  means  (32)  so  as  to  improve  the  comprehensive  performance  of  the  appa- 50  ratus. 

6.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  any  one  of  claims  1  to  5,  wherein 
said  repair  plan  proposing  means  (35)  is  for  specifying  an  intrinsic  components  in  the  apparatus 

and  proposing  to  utilize  potential  functions  of  specified  components  fora  function  of  a  faulty  component 
55  to  repair  an  occurring  fault,  and 

said  functional  quantity  calculation  means  (31)  is  for  selecting  a  substitutive  component  having  a 
low  functional  quantity  relative  to  a  risk  caused  by  the  fault  repair  when-a  plurality  of  substitutive  com- 

14 
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ponents  are  proposed  by  said  repair  plan  proposing  means  (35). 

7.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  any  one  of  claims  1  to  5,  wherein 
said  repair  plan  proposing  means  (35)  is  for  specifying  intrinsic  components  in  the  apparatus  and 

5  proposing  to  utilize  potential  functions  of  the  specified  components  for  a  function  of  a  faulty  component 
to  repair  an  occurring  fault,  and 

said  functional  quantity  calculation  means  (31)  is  for  selecting  a  substitutive  component  having  a 
high  functional  quantity  relative  to  an  effect  produced  by  the  fault  repair  when  a  plurality  of  substitutive 
components  are  proposed  by  said  repair  plan  proposing  means  (35). 

10 
8.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  any  one  of  claims  1  to  5,  wherein 

said  repair  plan  proposing  means  (35)  is  for  specifying  intrinsic  components  in  the  apparatus  and 
proposing  to  utilize  potential  functions  of  the  specified  components  for  a  function  of  a  faulty  component 
to  repair  an  occurring  fault,  and 

15  said  functional  quantity  calculation  means  (31)  is  for  selecting  substitutive  components  having 
well-balanced  functional  quantities  relative  to  an  effect  and  a  risk  by  fault  repair  when  a  plurality  of  sub- 
stitutive  components  are  proposed  by  said  repair  plan  proposing  means  (35). 

9.  An  apparatus  having  a  self-repairing  function  as  set  forth  in  any  one  of  claims  1  to  8,  wherein 
data  stored  in  said  functional  quantity  data  storage  means  (32)  include  characteristic  data  assigned 

to  a  particular  function  important  for  the  apparatus  in  which  a  functional  quantity  thereof  is  set  to  be  ex- 
tremely  lowered  by  a  change  in  a  physical  parameter  relative  to  said  particular  function,  and 

said  functional  quantity  calculation  means  (31)  is  adopted  to  output  to  said  self-repair  implemen- 
tation  means  (31,  36)  a  signal  indicating  that  a  repair  should  be  carried  out  immediately,  when  character- 
istic  data  of  an  extremely  lowered  functional  quantity  is  included  in  characteristic  data  of  a  functional  quan- 
tity  read  out  of  the  functional  quantity  data  storage  means  (32). 

10.  A  method  of  self-repairing  a  fault  which  prevents  an  objective  apparatus  from  satisfactorily  performing  a 
given  function,  comprising  steps  of: 

decomposing  said  given  function  into  a  plurality  of  more  specific  lower-level  functions,  setting  for 
30  each  of  said  plural  lower-level  functions  a  functional  quantity  indicative  of  a  quantified  functional  degree 

of  said  each  lower-level  function,  and  preliminarily  investigating  and  preparing  characteristic  data  of  the 
functional  quantity  indicating  a  relationship  between  the  functional  quantity  and  a  change  in  a  physical 
parameter  corresponding  to  the  functional  quantity; 

detecting  a  physical  parameter  which  should  be  changed  for  the  repair  of  the  fault  and  a  secondary 
35  effect  which  may  be  produced  by  a  change  in  said  physical  parameter  when  the  fault  occurs; 

selecting  characteristic  data  of  functional  quantities  of  the  lower-level  functions  corresponding  to 
the  detected  physical  parameterand  characteristic  data  of  functional  quantities  of  the  lower-level  function 
to  be  changed  by  the  secondary  effect  from  said  previously  prepared  characteristic  data; 

calculating  the  most  preferably  balanced  state  of  the  selected  each  of  functional  quantities  of  the 
40  lower-level  functions;  and 

implementing  a  self-repair  by  changing  a  value  of  said  detected  physical  parameter  to  realize  the 
calculated  most  preferably  balanced  state  of  the  selected  functional  quantities. 

11.  Amethod  of  self-repairing  a  fault  in  an  apparatus  as  set  forth  in  claim  10,  wherein 
45  said  objective  apparatus  includes  an  image  forming  apparatus,  and 

functional  quantity  data  previously  prepared  include  characteristic  data  of  functional  quantities 
concerning  a  plurality  of  lower-level  functions  subordinating  to  a  function  of  "more  beautiful  image". 

12.  Amethod  of  self-repairing  a  fault  in  an  apparatus  as  set  forth  in  claims  10  or  11,  wherein  said  prepared 
so  functional  quantity  data  include: 

characteristic  data  of  a  functional  quantity  relative  to  an  effect  which  is  to  be  produced  when  an 
occurring  fault  is  repaired;  and 

characteristic  data  of  a  functional  quantity  relative  to  a  risk  which  is  to  be  caused  when  the  occurring 
fault  is  repaired,  and  the  manifestation  degrees  of  the  functional  quantities  relative  to  the  effect  and  the 

55  risk  are  balanced  in  said  calculation  step  so  as  to  improve  the  comprehensive  performance  of  the  appa- 
ratus. 
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