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Descr ipt ion 

T i t le  o f  Invent ion 

 PREDICTION DEVICE,  PREDICTION METHOD, 

PREDICTION PROGRAM, FACILITY CONTROL DEVICE,  

FACILITY CONTROL METHOD, AND CONTROL PROGRAM 5 

Technica l  F ie ld  

[0001]  

 The present  invent ion re lates  to ,  for  example ,  a  

pred ic t ion dev ice for  pred ic t ing propert ies  o f  an 

inc inerat ion target  ob ject  to  be  inc inerated in  an 10 

inc inerator .  

 

Background Art  

[0002]  

 In  a genera l  waste  inc inerat ion p lant ,  a  funnel -15 

shaped dev ice  ca l led a  hopper  is  provided .  Waste  s tored in  

a  waste  s to rage  fac i l i ty  ca l led  "waste  p i t "  i s  grabbed and 

l i f ted  up by ,  for  example ,  a  crane and introduced into  the  

hopper .  Then,  the  waste  in  the  hopper  is  fed  by  a  waste  

feed ing  dev ice  to  an inc inerator ,  in  the  order  o f  20 

introduct ion into  the  hopper ,  and inc inerated .  Examples  

o f  a  technology  re lated to  the  hopper  is  d isc losed in ,  for  

example ,  Patent  L i terature  1  be low.  Patent  L i terature  1  

d isc loses detect ion of  br idg ing on the bas is  o f  a  hopper  

leve l  which is  per iod ica l ly  measured .  25 
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Citat ion L is t  

[Patent  L i terature ]  

[0003]  

   [Patent  L i terature  1 ]   

 Japanese  Patent  Appl icat ion Publ icat ion,  Tokukaihe i ,  5 

No.  10-238735 

 

Summary o f  Invent ion 

 Technica l  Problem 

[0004]  10 

 The waste  introduced into  the  hopper  is  sequent ia l ly  

fed  to  the  inc inerator  by  the  waste  feed ing dev ice  and 

inc inerated,  as  descr ibed above .  However ,  how the  waste 

burns d i f fers  depending on propert ies  o f  the  waste  fed  into  

the  inc inerator .  For  example ,  in  a  case  where  wet  waste 15 

conta in ing  a lo t  o f  water  is  fed  to  the  inc inerator ,  

temperature  ins ide  the  incinerator  may decrease .  In 

contrast ,  in  a  case  where  dry  waste  easy  to  burn is  fed  to 

the inc inerator ,  the  temperature ins ide  the inc inerator  

may increase .  This  phenomenon is  not  l imi ted to  cases  o f  20 

waste inc inerat ion,  but  is  common to  cases o f  inc ine rat ion 

o f  any inc inerat ion target  ob ject .  

[0005]  

 There fore ,  making i t  poss ib le  to  ascer ta in  propert ies 

o f  an inc inerat ion target  ob ject  introduced into  the  hopper  25 
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in  a  s tage  pr ior  to  inc inerat ion is  cons idered to  contr ibute 

to  improvement  in  operat ion o f  an inc inerat ion p lant .  For 

example ,  i t  would  be  poss ib le  to  pred ic t  a  s tate  ins ide the  

inc inerator  f rom the  propert ies  o f  the  inc inerat ion target  

ob ject .  This would make i t  poss ib le  to  prevent  the  s tate  5 

f rom worsening .  Further ,  for  example ,  automat ic  contro l  

o f  the  inc inerator  and automat ic  contro l  o f  introduct ion o f  

the  inc inerat ion target  ob ject  into the  hopper  would 

become poss ib le .  However ,  pred ic t ion o f  the  propert ies  o f  

the  inc inerat ion target  ob ject  introduced in to  the  hopper 10 

has not  been per formed convent ional ly .  For  example ,  

Patent  L i terature  1  above  does  not  even suggest  pred ic t ion 

o f  propert ies  o f  waste  introduced into  the  hopper .  

[0006]  

 An aspect  o f  the  present  invent ion is  at ta ined in  v iew 15 

o f  the  above  prob lem.  An object  o f  an aspect  o f  the  present 

invent ion is  to  prov ide ,  for  example ,  a  pred ic t i on dev ice 

that  contr ibutes  to improvement  in operat ion o f  an 

inc inerat ion p lant .  

 So lut ion to  Problem 20 

[0007]  

 In  order to  so lve  the above  problem,  a  pred ic t ion 

dev ice  in accordance wi th an aspect  o f  the  present  

invent ion inc ludes :  a  movement  data  generat ion sect ion 

conf igured to  generate movement data  f rom a p lura l i ty  o f  25 
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t ime-ser ies  images  each obta ined by captur ing ,  f rom above ,  

an image o f  a  hopper  in  an inc inerat ion  p lant  where  an 

inc inerat ion target  ob ject  introduced into  the hopper is  fed  

to  an inc inerator  at  a  spec i f i ed  rate ,  the  movement  data  

ind icat ing  a  movement  s tate  o f  the  inc inerat ion target  5 

ob ject ;  and a  pred ic t ion sect ion conf igured to  pred ic t  

propert ies  o f  the  inc inerat ion target  ob ject  to  be 

inc inerated,  on the  bas is  o f  the  rate  and the  movement  

data  generated by  the  movement  data  generat ion sect ion .  

[0008]  10 

 Further ,  in  order  to  so lve  the  above  problem,  a p lant  

contro l  dev ice  in  accordance  wi th  an aspect  o f  the  present  

invent ion inc ludes :  a  movement  data  generat ion sect ion 

conf igured to  generate movement data  f rom a p lura l i ty  o f  

t ime-ser ies  images  each obta ined by captur ing ,  f rom above ,  15 

an image o f  a  hopper  in  an inc inerat ion p lant  where  an 

inc inerat ion target  ob ject  introduced into  the hopper is  fed  

to  an inc inerator  at  a  spec i f i ed  rate ,  the  movement  data  

ind icat ing  a  movement  s tate  o f  the  inc inerat ion target  

ob ject ;  and an equipment  contro l  sect ion conf igured to  20 

carry  out  contro l  on the  bas is  o f  the  rate  and the  movement 

data  generated by  the  movement  data  generat ion sect ion,  

the  contro l  be ing  at  least  one se lected f rom the  group 

cons is t ing  o f  (1 )  contro l  o f  introduct ion o f  the  inc inerat ion 

target  ob ject  into  the  hopper ;  (2 )  contro l  o f  the  rate ;  (3 )  25 
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contro l  o f  a  t ransfer  speed o f  the  inc inerat ion target  ob ject  

in  the inc inerator ;  (4 )  contro l  o f  combust ion o f  the  

inc inerat ion target  ob ject  in  the  inc inerator ;  and (5 )  

contro l  o f  s t i r r ing  o f  the  inc inerat ion target  ob ject .  

[0009]  5 

 In  order to  so lve  the above  p roblem,  a  pred ic t ion 

method in  accordance wi th  an aspect  o f  the  present  

invent ion is  a  method for  pred ic t ing  propert ies  o f  an 

inc inerat ion target  ob ject ,  the  method be ing  executed by  

one or  more  in format ion process ing  dev ices ,  the  method 10 

inc luding  the  s teps  o f :  generat ing  movement  data  f rom a 

p lura l i ty  o f  t ime-ser ies images  each obtained by  captur ing ,  

f rom above ,  an image o f  a  hopper  in an inc inerat ion p lant  

where  the  inc inerat ion target  ob ject  introduced into the  

hopper  is  fed  to  an inc inerator  at  a spec i f i ed  rate ,  the  15 

movement  data  ind icat ing  a  movement  s tate  o f  the  

inc inerat ion target  ob ject ;  and pred ic t ing  the  propert ies  o f  

the  inc inerat ion target  ob ject  to  be inc inerated,  on the  

bas is  o f  the  rate  and the movement  data  generated in  the  

s tep  o f  generat ing  the  movement  data .  20 

[0010]  

 In  order  to  so lve  the  above  problem,  a  p lant  contro l  

method in  accordance wi th  an aspect  o f  the  present  

invent ion is  a  method for  contro l l ing  a  p lant ,  the  method 

be ing  executed by  one or  more  in format ion process ing  25 
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dev ices ,  the  method inc luding the  s teps  o f :  generat ing 

movement  data  f rom a p lura l i ty  o f  t ime-ser ies  images  each 

obta ined by  captur ing ,  f rom above ,  an image o f  a  hopper  

in  an inc inerat ion plant  where  an inc inerat ion target  

ob ject  introduced into  the  hopper  is  fed  to  an  inc inerator  5 

at  a  spec i f i ed  rate ,  the  movement  data  indicat ing  a 

movement  s tate  o f  the  inc inerat ion target  ob ject ;  and 

carry ing  out  contro l  on the  bas is  o f  the  rate  and the  

movement  data  generated in  the  s tep  o f  generat ing  the 

movement  data ,  the contro l  be ing  at  least  one se lected 10 

f rom the  group cons is t ing  o f  (1 )  contro l  o f  introduct ion o f  

the  inc inerat ion target  ob ject  in to  the  hopper ;  (2 )  contro l  

o f  the rate ;  (3 )  contro l  o f  a  t ransfer  speed o f  the  

inc inerat ion target  ob ject  in  the  inc inerator ;  (4 )  contro l  o f  

combust ion o f  the  inc inerat ion target  ob ject  in  the  15 

inc inerator ;  and (5 )  contro l  o f  s t i r r ing o f  the inc inerat ion 

target  ob ject .  

  Advantageous Ef fec ts  o f  Invent ion  

[0011]  

 An aspect  o f  the  present  invent ion can contr ibute to  20 

improvement  in  operat ion o f  an inc inerat ion p lant .  

 

Br ie f  Descr ipt ion o f  Drawings  

[0012]  
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 F ig .  1  is  a  b lock  d iagram i l lustrat ing  an example  o f  

a  conf igurat ion o f  a  main part  o f  a  pred ic t ion dev ice  in  

accordance  wi th  Embodiment  1  o f  the  present  invent ion .  

 F ig .  2 is  a  diagram i l lustr at ing  an example  o f  a  

conf igurat ion o f  a  p lant  contro l  system inc luding the 5 

pred ic t ion dev ice .  

 F ig .  3 is  a  diagram i l lustrat ing  an example  o f  a  

method o f  determining  the  presence  or  absence  o f  waste .  

 F ig .  4 is  a  diagram i l lustrat ing  an example  o f  a  

method o f  generat ing  movement  data .  10 

 F ig .  5 is  a  d iagram showing a  re lat ion between a  

waste  feed ing  rate  and a  movement  amount .  

 F ig .  6 is  a  f lowchart  showing an example  o f  a  process 

executed by  the  pred ic t ion dev ice .  

 F ig .  7  is  a  b lock  d iagram i l lustrat ing  an example  o f  15 

a  conf igurat ion o f  a  main part  o f  a  pred ic t ion dev ice  in  

accordance  wi th  Embodiment  2  o f  the  present  invent ion .  

 F ig .  8  is  a  d iagram i l lustrat ing  a  re lat ion between a 

pred ic ted va lue  and an actual  va lue  o f  bulk  dens i ty .  

 F ig .  9 is  a  d iagram for  i l lustrat ing  a method o f  20 

pred ic t ing  a  lower  ca lor i f i c  va lue .  

 F ig .  10 is  a  f lowchart  showing  an example  o f  a  

process  executed by  the  pred ic t ion dev ice .  
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 F ig .  11 is  a b lock d iagram i l lustrat ing  an example  o f  

main components  o f  a  p lant  contro l  dev ice  in  accordance  

wi th  Embodiment  3  o f  the  present  invent ion .  

 F ig .  12 is  a  f lowchart  showing  an example  o f  a  

process  executed by  the  p lant  contro l  dev ice .  5 

 

Descr ipt ion o f  Embodiments  

[0013]  

 Embodiment  1  

 (System conf igurat ion )  10 

 The fo l lowing descr ipt ion wi l l  d iscuss  a  

conf igurat ion o f  a  p lant  contro l  system 100 in  accordance  

wi th  the present  embodiment ,  wi th  re ference to  F ig .  2 .  F ig .  

2  is  a  d iagram i l lustrat ing  an example  o f  a  con f igurat ion 

o f  the  p lant  contro l  system 100 .  Fig .  2  i l lustrates an 15 

example  in which the p lant  contro l  system 100 is  appl ied 

to  a waste  inc inerat ion p lant .  Note  that  the  p lant  contro l  

system 100 is  appl icable  to  any inc inerat ion p lant  where 

any inc inerat ion target  ob ject ,  which is  not  l imi ted to  

waste ,  i s  inc inerated .  20 

[0014]  

 In the  waste inc inerat ion p lant  i l lustrated in  F ig .  2 ,  

a  waste p i t  B for  s tor ing the  waste  G and an inc inerator  C 

for  inc inerat ing  the waste  G are  prov ided .  The waste G in 

the  waste  p i t  B is  introduced into  the  hopper  A wi th  use 25 
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of  a  crane .  An inc l ined sur face  A1 which is  inc l ined so  as 

to  s t re tch outward is  formed at  an upper  port ion o f  the  

hopper  A .  The waste  G s l ides  over  the  inc l ined sur face  A1 

and enters  the  ins ide  o f  the  hopper  A,  and is  temporar i ly  

accommodated in  the  hopper  A .  Then,  the  waste  G in  the  5 

hopper  A is  sequent ia l ly  fed  into  the  inc inerator  C through 

an opening A2 at  a  lower part  o f  the  hop per  A and 

inc inerated.  

[0015]  

 The  p lant  contro l  system 100 is  a system which 10 

pred ic ts  propert ies  o f  waste  to  be  inc inerated in  the  

inc inerator  C,  and inc ludes  a  pred ic t ion dev ice  1  and an 

imaging  dev ice  2 .  The imaging dev ice  2  is  prov ided above 

the  hopper  A,  and captures  images  o f  the  hopper  A f rom 

above  at  predetermined t ime interva ls .  Then,  the 15 

pred ic t ion dev ice  1 obta ins  the  images captured by the  

imaging dev ice  2 ,  and predic t s ,  wi th use  o f  the  images ,  the  

propert ies  o f  the  waste  to  be  inc inerated .  

[0016]  

 More  spec i f i ca l ly ,  the  imaging dev ice  2  captures  a 20 

p lura l i ty  o f  t ime-ser ies  images  o f  the  hopper  A .  Then,  the  

pred ic t ion dev ice  1  pred ic ts  the  propert ies  o f  the  waste ,  

on bas is  o f  movement  data  which is  generated f rom the  

p lura l i ty  o f  t ime-ser ies  images  captured by  the  imaging 

dev ice  2  and which indicates  a  movement  s tate  o f  the  waste  25 
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G in a  per iod in  which the  p lura l i ty  o f  images  were  

captured.  

[0017]  

 The inventors  o f  the  present  invent ion have  found,  

as  a  resul t  o f  scrut in iz ing  images  each obta ined b y 5 

captur ing  an image o f  the  hopper  f rom above ,  that  a 

d i f f erence in  propert ies between incinerat ion target  

ob jects  appears  as  a  d i f f erence  in  movement  s tate  between 

the  inc inerat ion target  ob ject s .  For  example ,  the  inventors  

have  found that  even in  a  case  where  respect ive  rates  at  10 

which the  inc inerat ion target  ob ject s  are  fed  to  the 

inc inerator  are  set  to  be  the  same,  an inc inerat ion target  

ob ject  which has a  h igh moisture  content  and which is  

thus d i f f i cu l t  to  inc inerate  tends to  have  a  larger  

movement  amount  per uni t  t ime in the  hopper  than an 15 

inc inerat ion target  ob ject  wh ich has  a  low moisture  

content  and which is  thus easy  to  burn.  

[0018]  

 The predic t ion dev ice  1 pred ic ts  the  propert ies o f  the  

waste  on the  bas is  o f  th is  f ind ing .  That  is ,  a  d i f ference  in 20 

propert ies o f  waste  appears as  a  d i f f erence  in  movement 

s tate  o f  the  waste  captured in  images .  There fore ,  accord ing 

to  the  above  conf igurat ion,  i t  i s  poss ib le  to  pred ic t  the 

propert ies o f  the  waste .  Then,  ascer ta in ing the  propert ies 

o f  the  waste is  use fu l  for  proper  operat ion o f  an 25 
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inc inerat ion p lant ,  so that  the  predic t ion dev ice  1 can 

contr ibute  to  improvement  in  operat ion o f  the  inc inerat ion 

p lant .  

[0019]  

 Spec i f i ca l ly ,  the  pred ic t ion dev ice  1  contro ls  5 

equipment  in  the  waste  inc inerat ion p lant ,  on the  bas is  o f  

a  pred ic t ion resul t  on the  propert ies  o f  the  waste .  This  

makes i t  poss ib le  to  carry  out  appropr iate  contro l  in  

accordance  wi th  the  propert ies o f  the  waste and there fore  

to  contr ibute  to  improvement  in  operat ion  o f  the  10 

inc inerat ion p lant .  Note  that  contro l  o f  the  equ ipment  in  

the  waste  inc inerat ion p lant  can be  per formed by an 

operator  or  the  l ike  o f  the  waste  inc inerat ion p lant .  In  th is  

case ,  the  pred ic t ion dev ice  1  may output ,  to  the  operator  

or  the l ike ,  the  pred ic t ion resul t  o f  the  propert ies  o f  the  15 

waste .  In th is  case ,  the  pred ic t ion dev ice  1 does  not  need 

to  contro l  the  equipment .  

[0020]  

 A locat ion where  the  predic t ion dev ice 1  is  d isposed 

is  not  l imi ted to  any part icular  locat ion .  For  example ,  the  20 

pred ic t ion dev ice  1  can be  d isposed in  a  waste  inc inerat ion 

p lant  or  can be  d isposed in  a  moni tor ing  center  or  the  l ike 

in which moni tor ing o f  a  p lura l i ty  o f  waste inc inerat ion 

p lants  is  carr ied  out .  Further ,  a l though F ig .  2  i l lustrates 

an example  in  which the  propert ies  o f  waste  in  one waste  25 
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inc inerat ion p lant  are  pred ic ted by  one pred ic t ion dev ice  

1 ,  i t  i s  a lso  poss ib le  to  pred ic t  the  propert ies  o f  w aste  in  

a  p lura l i ty  o f  waste  inc inerat ion p lants  wi th  use  o f  one  

pred ic t ion dev ice  1 .  In  th is  case ,  for  example ,  the  

pred ic t ion dev ice  1  may be  a  c loud server .  5 

[0021]  

 (Conf igurat ion o f  pred ic t ion dev ice )  

 The fo l lowing descr ipt ion wi l l  d iscuss  a  

conf igurat ion o f  the  pred ic t ion dev ice  1  wi th  re ference  to 

F ig .  1 .  F ig .  1  is  a  b lock d iagram i l lustrat ing an example  o f  10 

a  main part  o f  the  pred ic t ion dev ice  1 .  As  i l lustrated in  

F ig .  1 ,  the  pred ic t ion dev ice  1  inc lu des :  a  contro l  sect ion 

10 which per forms overa l l  contro l  o f  sect ions o f  the  

pred ic t ion dev ice  1 ;  and a  s torage  sect ion 11 in  which 

var ious data  used by  the  pred ic t ion dev ice  1  are  s tored .  15 

The predic t ion dev ice  1 further  inc ludes :  a communicat ion 

sect ion 12 for  a l lowing the  predic t ion dev ice  1  to  

communicate  wi th  another  dev ice ;  an input  sect ion 13 for  

rece iv ing  input  o f  var ious data  to  the  pred ic t ion dev ice  1;  

and an output  sect ion 14 for  a l lowing the  predic t ion dev ice  20 

1  to  output  var ious data .  

[0022]  

 Further ,  the  contro l  sect ion 10 inc ludes  a data  

obta in ing  sect ion 101,  a  determinat ion sect ion 102,  a 

movement  data  generat ion sect ion 103,  a  s tandard 25 
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movement  amount  ca lculat ion sect ion 104,  a  property 

pred ic t ion sect ion (pred ic t ion sect ion )  105,  an in f luence  

pred ic t ion sect ion 106,  and an equipment  contro l  sect ion 

107.  Further ,  in  the  s torage  sec t ion 11,  an image DB 111 

and a  s tandard movement  amount  ca lculat ion fo rmula  112  5 

are  s tored.  

[0023]  

 The data  obta in ing  sect ion 101 obta ins  a  p lura l i ty  o f  

t ime-ser ies  images  each by  captur ing  an image o f  the 

hopper  A f rom above .  As  descr ibed above ,  in  the  p lant  10 

contro l  system 100,  the  captur ing  dev ice  2  captures ,  f rom 

above ,  the  p lura l i ty  o f  t ime -ser ies  images  o f  the hopper  A .  

There fore ,  the data  obta in ing sect ion 101 can obta in  the  

images  captured by  the  imaging  dev ice  2 .  Note  that  the  

data  obta in ing  sect ion 101 may obta in  the  images  f rom the 15 

imaging  dev ice  2  through communicat ion v ia  the 

communicat ion sect ion 12 or  may obta in  the  images  

inputted v ia  the  input  sect ion 13.  The data  obta in ing  

sect ion 101 stores ,  in  the  image DB 111,  the  images 

obta ined.  Note that  the imaging dev ice 2  may capture  a  20 

moving image .  In  th is  case ,  the  data  obta in ing  sect ion 101 

can obta in the  p lura l i ty  o f  t ime -ser ies  images  ( e .g . ,  f rame 

images  captured at  predetermined interva ls )  f rom the  

moving  image captured by  the  imaging  dev ice  2 .  

[0024]  25 
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 The determinat ion sect ion 102 determines whether  

or  not  an image o f  waste  is  captured in  a  target  area  that  

is  to  be  analyzed  for  pred ic t ing  the  propert ies  o f  the  waste ,  

in  the  images which have  been obta ined by  the  data  

obta in ing  sect ion 101.  A  method o f  determining the  waste 5 

in  a  target  reg ion wi l l  be  descr ibed la ter  in  deta i l ,  w i th  

re ference  to  F ig .  3 .  

[0025]  

 The movement  data  generat ion sect ion 103 generates  

movement  data  f rom the  p lura l i ty  o f  t ime-ser ies  images  10 

which have  been obta ined by the data  obta in ing sect ion 

101 and which have  been recorded in  the  image DB 111 .  

The movement  data  indicates  a  movement  s tate  o f  the  

waste  in  a  per iod in  which the  p lura l i ty  o f  images  were 

captured.  The method o f  generat ing  the  movement  data 15 

wi l l  be  descr ibed la ter  in  deta i l  w i th  re ference  to  F ig .  4 .  

[0026]  

 The s tandard movement  amount  ca lculat ion sect ion 

104 determines  a  rate  at  which the  waste  is  fed  to  the  

inc inerator ,  that  i s ,  a  waste  feed ing  rate .  Then,  the 20 

s tandard movement  amount  ca lculat ion sect ion 104 

ca lculates ,  wi th  use o f  the  s tandard movement  amount 

ca lculat ion formula  112 f rom the  waste feed ing  rate  thus 

determined,  a  s tandard waste  movement  amount  

(here inaf ter ,  re ferred to  as  "s tandard movement  amount" )  25 



- 15 - 

 

for  when the  waste  is  fed  to  the  inc inerator  at  the  waste  

feed ing  rate  spec i f i ed  above .  

[0027]  

 The s tandard movement  amount  ca lculat ion formula 

112 is  a  mathemat ica l  express ion that  ind icates  a  re lat ion 5 

between the  waste feed ing rate and the  s tandard movement  

amount  o f  the waste  at  the t ime when the waste  is  fed to  

the  inc inerator  at  the  waste feed ing rate .  The s tandard 

movement  amount  ca lculat ion formula  112 and  a  method 

o f  ca lculat ing  the  s tandard mov ement  amount wi th  use o f  10 

the  s tandard movement  amount  ca lculat ion formula  112 

wi l l  be  descr ibed la ter  in  deta i l  w i th  re ference  to  F ig .  5 .  

[0028]  

 The property pred ic t ion sect ion 105 predic ts  the  

propert ies  o f  the  waste  to  be  inc inerated,  on the  bas is  o f  15 

the  movement  data  generated by  the  movement  data  

generat ion sect ion 103 and the  waste  feed ing  rate .  

Spec i f i ca l ly ,  the  property  pred ic t ion sect ion 105 ca lculates ,  

as  a  pred ict ion resul t  o f  the  propert ies  o f  the  waste ,  a  

d i f f erence  between (a )  a  movement  amount  which is  20 

indicated by  the  movement  data  generated by  the  

movement  data  generat ion sect ion 103 and (b )  the  

s tandard movement  amount  which is  ca lculated by  the  

s tandard movement  amount  ca lculat ion sect ion 104.  

[0029]  25 
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 The in f luence  predic t ion sect ion 106 p red ic ts  an 

in f luence  o f  inc inerat ion o f  the  waste  on a  combust ion 

state o f  the inc inerator ,  on the bas is  o f  the propert ies o f  

the  waste pred ic ted by the  property  pred ic t ion sect ion 105 .  

The predic t ion resul t  outputted by  the in f luence  predic t ion 5 

sect ion 106 can indicate  the  magni tude o f  the  in f luence  on 

the  combust ion state .  For  example ,  in  a  case  where  the 

magni tude of  the  in f luence  on the combust ion s tate is  

expressed in  four leve ls  inc luding " large" ,  "medium",  

"smal l " ,  and "no in f luence " ,  the  in f luence  predic t ion 10 

sect ion 106 may output  in format ion indicat ing  any one o f  

the  leve ls  as  the  predic t ion resul t .  A l ternat ive ly ,  the  

in f luence pred ic t ion sect ion 106 may output ,  as the  

pred ic t ion resul t ,  a  pred ic ted va lue  o f  the combust ion 

state  ( e .g . ,  a  pred ic ted va lue o f  a  lower  ca lor i f i c  va lue ) .  15 

Such predic t ion o f  the  in f luence  on the  combust ion state 

wi l l  be  descr ibed la ter  wi th  re ference  to  F ig .  5 .  

[0030]  

 The equipment  contro l  sect ion 107 contro ls  the 

equipment  in  the  waste  inc inerat ion p lant ,  on the  bas is  o f  20 

the  predic t ion resul t  o f  the  in f luence  predic t ion sect ion 

106.  For example ,  the equipment  control  sect ion 107 can 

carry  out  at  l east  contro l  that  i s  one  se lected f rom the 

group cons is t ing  o f  the  fo l lowing (1 )  to  (4 ) :  (1 )  contro l  o f  

introduct ion o f  the  waste  into  the  hopper ;  (2 )  contro l  o f  25 
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the  waste  feed ing rate ;  (3 )  contro l  o f  a  t ransfer  speed 

(grate  speed)  o f  the  waste  in  the  inc inerator ;  and (4 )  

contro l  o f  combust ion o f  the  waste  in  the  inc inerator .  

[0031]  

 Note  that  regard ing the above  co ntro l  (1 ) ,  ( i )  in  a  case 5 

where  i t  i s  des i red to  promote  combust ion,  part  that  is  

re la t ive ly  easy  to  burn among the  waste  in  the  waste  p i t  i s  

introduced into  the  hopper ,  whereas  ( i i )  in  a  case  where  i t  

i s  des i red to  suppress  combust ion,  part  that  is  re lat iv e ly  

d i f f i cu l t  to  burn among the  waste  is  introduced into  the  10 

hopper .  A  property  d is tr ibut ion o f  the  waste  in  the  waste  

p i t  may be  separate ly  managed or  may be  determined on 

the  bas is  o f  a  pred ic t ion resul t  o f  the property  pred ic t ion 

sect ion 105 as  descr ibed la ter .  

[0032]  15 

 Further ,  regard ing  the  above  (2 ) ,  ( i )  in  a  case  where 

i t  i s  des i red to  promote combust ion,  the  waste  feed ing rate  

can be  increased ,  whereas  ( i i )  in  a  case  where  i t  i s  des i red 

to  suppress  combust ion,  the  waste  feed ing rate  can be 

decreased.  The same appl ies  to  the  grate  speed in  the  20 

above  (3 ) .  Note  that  in  some c i rcumstances ,  i t  may be  

e f fec t ive  to  decrease  the  waste  feed ing rate  and/or 

decrease  the  g rate  speed,  as  contro l  for  promot ing 

combust ion.  

[0033]  25 
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 Further ,  regard ing  the above  (4 ) ,  contro l  o f  

combust ion o f  the  waste  can be  rea l i zed by ,  for  example ,  

heat ing  wi th  a  burner  or  contro l  o f  a  supply  amount  o f  

combust ion a i r .  That  is ,  in  a  case  where  i t  i s  des i red to 

promote  combust ion ( i . e . ,  in  a  case  where  i t  i s  des i red to 5 

increase  the  amount  o f  heat  genera ted ) ,  heat ing  by  a  

burner  or  increas ing  the  supply  amount  o f  combust ion a i r  

can be  carr ied  out .  Converse ly ,  in  a  case where  i t  i s  

des i red  to suppress  combust ion ( i . e . ,  in  a  case  where  i t  i s  

des i red to  decrease the  amount o f  heat  generated ) ,  the  10 

amount o f  combust ion a i r  suppl ied can be reduced .  Note  

that  in some c i rcumstances ,  i t  may be  e f fec t ive  to  reduce  

the supply  amount o f  combust ion a i r  as contro l  for  

suppress ing  combust ion.  

[0034]  15 

 Further ,  waste  whose  image is  captured at  the  t ime 

when an image o f  the  hopper  i s  captured f rom above  is  

waste  that  has  been ex is ted in  the waste  p i t  unt i l  

immediate ly  be fore  the  image o f  the waste  is  captured .  I t  

i s  poss ib le  to  de termine f rom which pos i t ion in  the  waste  20 

p i t  the waste  is  obta ined .  There fore ,  i t  i s  poss ib le  to  

pred ic t  a  property  d is t r ibut ion o f  the  waste  in  the  waste  

p i t  f rom the predic t ion resul t  o f  the  property pred ic t ion 

sect ion 105 or  f rom the  pred ic t ion resul t  o f  the in f luence 

pred ic t ion sect ion 106.  25 
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[0035]  

 The equipment  contro l  sect ion 107 may carry  out 

contro l  o f  s t i r r ing  o f  the  waste  in the  waste p i t  on the  bas is  

o f  th is  property  d is tr ibut ion .  For  example ,  the  equipment  

contro l  sect ion 107 may contro l  to  pre ferent ia l ly  carry  out  5 

s t i r r ing  in an area  in which waste  d i f f i cu l t  to  burn is  

d is t r ibuted.  A l ternat ive ly ,  the equipment  contro l  sect ion 

107 can mix  and st i r  the  waste  in  an area  where  waste  

d i f f i cu l t  to  burn is  d is t r ibuted and the waste  in  an area  

where  waste  easy  to  burn is  d is tr ibuted,  so  as  to  10 

homogenize  the  waste .  Note  that  s t i r r ing  o f  the  waste  is  a  

process  for  improv ing  the  propert ies  (par t icu lar ly ,  

combust ib i l i ty )  o f  the  waste .  St i r r ing  o f  the  waste  is  

carr ied  out,  for  example ,  by  grabbing and l i f t ing  up the  

waste  wi th  use  o f  a  crane and dropping the waste ,  or  by  15 

scat ter ing  the  waste  which has  been grabbed and  l i f ted  up .  

[0036]  

 As  descr ibed above ,  the  pred ic t i on dev ice  1  inc ludes 

the  movement  data  generat ion sect ion 103 and the 

property  predic t ion sect ion 105.  The movement  data  20 

generat ion sect ion 103 generates  movement  data ,  which 

indicates  a  movement  s tate  o f  waste ,  f rom a p lura l i ty  o f  

t ime-ser ies  images  each obta ined by captur ing ,  f ro m above ,  

an image o f  a  hopper  in  an inc inerat ion p lant  where  the  

waste  introduced into the  hopper  is  fed  to  an inc inerator 25 
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at  a spec i f i ed  waste  feed ing rate .  The property  pred ic t ion 

sect ion 105 pred ic ts  the  propert ies  o f  the  waste  on the  

bas is  o f  the  movement  data  generated and the  waste  

feed ing  rate .  

[0037]  5 

 As  descr ibed above ,  the  d i f ference  in  propert ies  o f  

waste  appears  as  the  d i f f erence  in  movement  s tate  o f  the  

waste  captured in  the  images .  There fore ,  accord ing  to  the  

above  conf igurat ion,  i t  i s  poss ib l e  to  pred ic t  the  propert ies  

o f  the waste .  Further ,  ascer ta in ing  the propert ies  o f  the  10 

waste  is  use fu l  for  proper  operat ion o f  the  inc inerat ion 

p lant ,  so  that  the  above  conf igurat ion can contr ibute  to 

improvement  in  operat ion o f  the  inc inerat ion p lant .  

[0038]  

 Further ,  the  movement  data  can be  generated,  15 

prov ided that  there  are  two images  captured at  d i f f erent  

t imes.  This  wi l l  be  descr ibed in  deta i l  la ter .  There fore ,  

wi thout  need to  carry  out  machine  learning or  the  l ike ,  i t  

i s  poss ib le  to  immediate ly  s tar t  operat ing  the  pred ic t ion 

dev ice  1  in  a  waste  inc inerat ion p lant .  Further ,  even in  a  20 

case where  an insta l la t ion locat ion and an imaging angle  

o f  the  imaging dev ice  2  are  s l ight ly  changed,  i t  i s  poss ib le  

to  pred ic t  the  propert ies  o f  the  waste  wi thout  any 

part icu lar  in f luence  on pred ic t ion.  Furthermore ,  i t  i s  a lso 

assumed that  d i r t  adheres to  a  lens  o f  the  imaging  dev ice 25 
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2 insta l led  in  the  waste  inc inera t ion p lant .  However ,  s ince 

there  is  no  movement  in  the  d i r t  that  has  adhered,  

in f luence  o f  such d i r t  on generat ion o f  the  movement  data  

is  a lso  l imi ted .  That  is ,  the p lant  contro l  system 100 

inc luding  the  pred ic t ion dev ice  1  has  an advantage  in  that  5 

the  p lant  contro l  system 100 can be  eas i ly  introduced and 

be  s tab ly  operated .  

[0039]  

 (Determinat ion o f  presence  or  absence  o f  waste )  

 The fo l lowing descr ipt ion wi l l  d iscuss  determinat ion 10 

o f  the  presence  or  absence  o f  waste  by  the  dete rminat ion 

sect ion 102,  wi th  re ference  to  F ig .  3 .  F ig .  3  is  a  d iagram 

i l lustrat ing  an example  o f  a  method o f  determining  the  

presence  or  absence  o f  waste .  The image D i l lustrated in  

F ig .  3 is  an image obta ined by  captur ing  an image o f  the  15 

hopper  f rom above .  In  the  image D,  an image o f  waste  

s l id ing  down an inc l ined sur face  o f  the  hopper  is  captured .  

However ,  the  waste  a l l  over  the  inc l ined sur face  is  not  

captured.  Spec i f i ca l ly ,  an image o f  the  waste is  captured 

in  a downstream reg ion d2 o f  the  incl ined sur face  of  the  20 

hopper .  However ,  no  image o f  the  waste  is  captured in  an 

upstream reg ion d1 o f  the  hopper .  

[0040]  

 Assume here  that  the  movement data  generat ion 

sect ion 103 has  generated movement  data  for  a  reg ion,  l ike  25 



- 22 - 

 

the  reg ion d1,  in  which no image o f  waste  is  captured .  

Then,  the  movement  amount  indicated by  t he  movement 

data  may be  zero  or  a  va lue c lose  to  zero .  When the  

movement amount  reaches  zero  or  a va lue  c lose to  zero,  a  

fa lse  pred ic t ion resul t  wi th  regard to  waste  that  does  not  5 

actual ly  ex is t  may be  outputted .  

[0041]  

 In order  to avo id such fa lse pred ic t ion as  descr ibed 

above ,  the  pred ic t ion dev ice  1 inc ludes  the  determinat ion 

sect ion 102 .  The determinat ion sect ion 102 determines  10 

whether  or  not  waste  is  captured in  the  target  reg ion in  

the  image .  The movement  data  generat ion sect ion 103 then 

generates  movement  data  indicat ing  the  movement  amount  

between the  images  for  which the  determinat ion sect ion 

102 has determined that  waste  is  captured in  the  target  15 

reg ion.  This  makes i t  poss ib le  to  prevent  the  fa lse 

pred ic t ion as  descr ibed above ,  s ince  an image in  which no 

target  ob ject  i s  captured in the  target  reg ion is  not  used 

for  pred ic t ion o f  the  propert ies  o f  the  waste .  Note  that  i t  

i s  pre ferable that  the target  reg ion be set  on the  inc l ined 20 

sur face o f  the  hopper ,  and more spec i f i ca l ly ,  on a  

downstream port ion ,  l ike  the reg ion d2,  on the  inc l ined 

sur face .  

[0042]  
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 Whether  or  not  waste  is  captured may be  determined 

wi th  use o f  captured images or  a l ternat ive ly ,  may be  

determined a f ter  predetermined image process ing  is  

carr ied  out  on the  captured images  so  as  to  fac i l i ta te  

determinat ion o f  the  presence  or  absence o f  waste .  5 

Examples  o f  the  image process ing  inc lude the  Canny 

method.  The Canny method is  an a lgor i thm for  edge  

detect ion in images .  An image D1 i l lustrated in  F ig .  3 is  

an image that  has  been generated f rom  the  image D as  a 

resul t  o f  edge detect ion by  the Canny method .  In  general ,  10 

appearance  o f  waste  is  much more  compl icated than the  

sur face  shape o f  the  hopper .  There fore ,  in  an example  o f  

F ig .  3 ,  a  large  number  o f  edges  are  detected in  the  reg ion 

d2 in  which waste  is  captured  as  compared wi th  the  reg ion 

d1 in  which no waste  is  captured .  15 

[0043]  

 There fore ,  the  determinat ion sect ion 102 may  (a )  

apply  the  Canny method to  the  image in  which the  hopper  

is  captured,  so  as  to  detect  edges ;  (b )  then,  determine,  as 

an image in  which waste  is  captured,  an image in  which  20 

the  number  o f  edges  detected in  the  target  reg ion is  more  

than or  equal  to  a  threshold  va lue ;  and (c )  dete rmine,  as 

an image in  which no waste  is  captured,  an image in  which 

the  number  o f  edges  detected  in  the  target  reg ion is  less  

than the  threshold  va lue .  25 
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[0044]  

 Of  course ,  an edge  detect ion technique other  than 

the  Canny method can be  appl i ed .  I t  i s  a lso  poss ib le  to  

determine the  presence  or  absence  o f  waste by  a  technique 

other  than the  edge  detect ion .  For  example ,  the  5 

determinat ion sect ion 102 may determine the  presence  or  

absence  o f  waste  by  analyz ing  luminance  va lues  and/or  

RGB va lues  o f  re spect ive  p ixe ls  const i tut ing  the  image .  

Further ,  for  example ,  the determinat ion sect ion 102 can  

determine the  presence  or  absence  o f  waste  by  a  t ra ined 10 

model  ( e .g . ,  neura l  network model )  which has been t ra ined 

so  as to  be capable  o f  determining the presenc e  or  absence 

o f  waste .  

[0045]  

 (Method o f  generat ing  movement  data )  15 

 The fo l lowing descr ipt ion wi l l  d iscuss  a method o f  

generat ing  movement  data  by  the  movement  data  

generat ion sect ion 103 wi th  re ference  to  F ig .  4 .  F ig .  4  is  a  

d iagram i l lustrat ing  an example  o f  the  method o f  

generat ing  movement  data .  More  spec i f i ca l ly ,  F ig .  4 20 

i l lustrates an example in  which movement  data F  is  

generated by  the  image corre lat ion method.  The movement  

data  F  indicates  a  movement  s tate  o f  waste  between an 

image E1,  which has been obta ined by  captur ing  an 

inc l ined sur face  o f  a  hopper  at  t ime t ,  and an image E2,  25 
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which has been obta ined by captur ing  the inc l ined sur face 

of  the  hopper  at  t ime t  +  Δt .  Note  that  in  F ig .  4 ,  y  d i rect ion 

is  a  d i rect ion in  which the  waste  descends,  that  is ,  a  

d i rect ion f rom an upstream s ide  to  a  downstream s ide  o f  

the  inc l ined sur face  of  the  hopper  (see  the  incl ined surface  5 

A1 o f  F ig .  2 ) .  On the other  hand,  x d i rect ion is  a  d i rect ion 

perpendicular  to  the  y  d i rect ion on the  inc l ined sur face .  

[0046]  

 The image corre lat ion method is  a  method in  which,  

for  two images  in  a  t ime ser ies ,  an amount  o f  movement  o f  10 

each o f  part ic les  captured in  the  images is  ca lculated by  

image process ing ,  and the  movement  amount  thus 

ca lculated is  expressed as  a  vector .  For  example ,  in  the 

image E1,  waste  indicated in  a  broken - l ine  box is  captured 

at  a  pos i t ion e1 .  However ,  in  the  image E2,  the  waste  is  15 

captured at  a  pos i t ion e2 that  is  a  pos i t ion lower  than the 

pos i t ion e1.  The movement  s tate  o f  the  waste  is  expressed 

as  a  vector  f1  which indicates  a  d isp lacement  f rom the  

pos i t ion e1 to  the  pos i t ion e2 in  the  movement  data  F .  In  

addi t ion,  vectors  are  s imi lar ly  ca lculated for  o ther 20 

pos i t ions .  

[0047]  

 In  th is  manner ,  the  movement  data  F  shows the 

movement  s tate  o f  the  waste  at  each o f  the  pos i t ions  in  the 

images  E1 and E2 .  Spec i f i ca l ly ,  the  movement  data  F 25 
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ind icates  that  the  waste  at  each o f  the  pos i t ions  in  the  

images  E1 and E2 is  moving in  the  y  d i rect ion  ( toward a 

downstream s ide ,  i . e . ,  the descending d i rect ion o f  the 

inc l ined sur face  o f  the  hopper ) .  Note  that  in  the  movement  

data F ,  vectors whose va lues  o f  y -d i rect ion components are  5 

more  than the  threshold  va lue  are  indicated by  so l id  

arrows,  and vectors  whose  va lues  o f  y -d i rect ion 

components  are less  than the  threshold  va lue are  ind icated 

by  broken arrows .  This  a lso  shows that  there  are  pos i t ions 

where  movement  o f  the  waste  is  fast  and pos i t ions  where  10 

movement  o f  the  waste  is  s low.  

[0048]  

 As  descr ibed above ,  the  movement  data  generat ion  

sect ion 103 can generate  movement  data  ind icat ing  

movement amounts by  which respect ive image e lements  15 

have  moved,  in  the  descending d i rect ion,  between the  

images  E1 and E2 .  The respect ive  image e lements  are  

captured at  a  p lura l i ty  o f  predetermined pos i t ions  that  are  

set  on the  inc l ined sur face  captured in  the  images  E1 and 

E2.  20 

[0049]  

 On the inc l ined sur face o f  the  hopper ,  the  waste  

s l ides  down in  substant ia l ly  same descending d i rect ion s .  

There fore ,  the  inc l ined sur face  o f  the  hopper  is  a  pos i t ion  

sui tab le  for  determining  whether  descending o f  the  waste 25 
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i s  smooth or  d isrupted .  There fore ,  wi th  the  above  

conf igurat ion,  i t  i s  poss ib le  to  generate  movement  data  

accurate ly  ind icat ing  whether  descending o f  the  waste  is  

smooth or  d isrupted .  Then,  by  predic t ing  the propert ies  o f  

the  waste  wi th  use  o f  th is  movement  data ,  i t  i s  poss ib le  to  5 

carry  out  h ighly  re l iab le  pred ic t ion .  This  is  because,  as  

descr ibed above ,  the d i f f erence  in propert ies  o f  waste  

appears  as  the  d i f f erence  in  movement  s tate  o f  the  waste  

captured in  the  images .  

[0050]  10 

 Note  that  i t  i s  poss ib le  to  generate ,  together  wi th  the  

above  movement  data ,  movement  data for  an image port ion  

in  which an image other  than the  inc l ined sur face  is  

captured.  In  th is  case ,  the  property  pred ic t ion sect ion 105 

may predic t  the  propert ies  o f  the  waste  wi th  use  o f  the 15 

movement  data  o f  the  target  reg ion that  is  se t  in  a  port ion 

where  the  inc l ined sur face  is  captured,  in  the  movement  

data that  have  been generated by  the movement data  

generat ion sect ion 103.  

[0051]  20 

 Of  course ,  a  reg ion other than the  inc l ined sur face 

can be  used as  the  target  reg ion s ince  i t  i s  only  necessary 

to  set ,  as  the  target  reg ion,  a  reg ion where  the  waste  moves  

substant ia l ly  in  the  same d irec t ions .  For  example ,  o f  an 

inner  sur face  o f  the  hopper ,  i t  i s  poss ib le  to  set ,  as  the  25 
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target  reg ion,  a  reg ion ( that ,  in  genera l ,  s t re tches  in  the  

ver t ica l  d i rect ion )  which is  on the  inner  sur face  and which 

is  connected to  the  inc l ined sur face  at  a  dow nstream s ide 

o f  the inc l ined sur face ,  or  a l ternat ive ly  a reg ion inc luding 

both o f  the  inc l ined surface  and a pot ion other  than the 5 

inc l ined sur face .  

[0052]  

 Further ,  the  movement  data  can be  any data  that  

ind icates  the  movement  s tate  o f  the  waste ,  and is  not  

l imi ted  to the  example  descr ibed above .  For  example ,  a  10 

movement  rate  o f  the  waste  can be  used as  the  movement  

data .  A l ternat ive ly ,  a  d i f f erence  image that  ind icates  a  

d i f f erence  between two images  which have been captured 

at  d i f f erent  t imes can be  used as  the  movement  data .  

[0053]  15 

 (Ca lculat ion o f  s tandard movement amount  to  

pred ic t ion o f  combust ion s tate )  

 The fo l lowing descr ipt ion wi l l  d iscuss  a method o f  

ca lculat ing  a s tandard movement  amount by  the  s tandard 

movement  amount  ca lculat ion sect ion 104,  a  method o f  20 

pred ic t ing  propert ies  o f  waste  by  the  property  pred ic t ion 

sect ion 105,  and a  method o f  pred ic t ing  a  combust ion s tate  

by  the in f luence  predic t ion sect ion 106,  wi th  re ference  to  

F ig .  5 .  F ig .  5  is  a  d iagram showing a  re lat ion be tween the  

waste  feed ing  rate  and the  movement  amount .  25 
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[0054]  

 On a  graph H shown in  F ig .  5 ,  movement  amounts  o f  

waste o f  var ious propert ies  measured at  var ious waste  

feed ing  rates  in  a  waste  inc inerat ion p lant  are  p lot ted .  

Note that  a  h istogram h1 indicat ing a  d is tr ibut ion o f  the  5 

waste  feed ing  rate  is  shown on an upper  s ide  o f  the  graph 

H,  and a  h is togram h2 indicat ing  a  d is t r ibut ion o f  the  

movement  amount  is  shown on a  r ight  s ide  o f  the  graph H .  

Note  here  that  the  movement  amount  is  a  movement  

amount in  a descending d i rect ion o f  the waste  captured  10 

between two t ime-ser ies images each obta ined by  

captur ing  an image o f  the  waste .  

[0055]  

 As i l lustrated in F ig .  5 ,  there is  a corre lat ion 

between the  waste  feed ing  rate  and the  movement  amount  15 

o f  the  waste .  Accord ing  to  the  corre lat ion ,  as  the  waste 

feed ing  rate  increases ,  the  movement  amount  increases .  

This  corre lat ion can be  formulated,  for  example ,  by 

regress ion analys is .  In  an example  o f  F ig .  5 ,  a  l ine  

ind icat ing  y =  F (x ) ,  which is  a  regress ion equat ion  that  is  20 

obta ined by  regress ion analys is  and that  indicates  a 

re la t ion between the waste  feed ing  ra te and the  movement 

amount  o f  the  waste ,  i s  ind icated by  h3 .  That  is ,  h3 is  a 

regress ion l ine .  The predic t ion dev ice  1  s tores ,  in  the  
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storage  sect ion 11,  such a regress ion equat ion as the  

s tandard movement  amount  ca lculat ion formula  112.  

[0056]  

 The s tandard movement  amount  ca lculat ion sect ion 

104 ca lculates a  s tandard movement  amount at  the  current 5 

waste  feed ing rate ,  by  determining the  current  waste  

feed ing  rate  and subst i tut ing  a  resul t  o f  th is  

determinat ion into  the  s tandard movement  amount  

ca lculat ion formula  112.  This  makes i t  poss ib le  to  

ca lculate a  s tandard movement  amount  o f  a  reasonable  10 

va lue .  For example ,  in a  case  where the  current  waste  

feed ing rate  is  x1,  the  s tandard movement amount is  y  =  

F (x1 ) .  

[0057]  

 In  th is  case ,  the  property pred ic t ion s ect ion 105 can 15 

ca lculate ,  as  a  pred ic t ion resul t ,  the  d i f f erence  between 

the  movement  amount  which is  indicated by  the  movement 

data  generated by  the  movement  data  generat ion sect ion 

103 and the  s tandard movement  amount  o f  the  waste .  As 

descr ibed above ,  a  resul t  o f  s tudy by  the inventors  o f  the  20 

present  invent ion shows the  fo l lowing:  waste  that  has  a  

h igh moisture  content  and that  is  d i f f i cu l t  to  burn tends 

to  have a  larger  movement amount  per uni t  t ime in the  

hopper  than waste  that  has  a  l ow water  content  a nd that  

is  easy  to  burn .  There fore ,  i t  can be  sa id  that  the  25 
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di f ference  between the  movement  amount  ind icated by  the 

movement  data  and the  s tandard movement  amount  

ind icates  the combust ib i l i ty  o f  the  waste .  There fore ,  wi th  

the  above conf igurat ion,  i t  i s  pos s ib le  to  ca lculate ,  as the  

pred ic t ion resul t ,  a  va lue  ind icat ing  the  combust ib i l i ty  o f  5 

the  waste .  

[0058]  

 For  example ,  assume that  in  a case  where  the  

current  waste  feed ing  rate  is  x1 ,  the  movement  amount  

ind icated by  the  movement  data  generated by  the  10 

movement  data  generat ion sect ion 103 is  y1  as  in the  

example  o f  F ig .  5 .  In  F ig .  5 ,  such a  combinat ion o f  the 

waste  feed ing rate  and the  movement  amount  is  

represented by a  po int  h4 on the  graph p lane o f  the  graph 

H.  As descr ibed above ,  the s tandard movement amount  at  15 

the  t ime when the  waste  feed ing rate  is  x1 is  y  =  F (x1 ) .  

There fore ,  in  th is  example ,  the  property  pred ic t ion sect ion  

105 ca lculates ,  as  the  pred ic t ion resul t ,  y '  =  y1  -  F (x1 ) .  

[0059]  

 A  larger  va lue  o f  y '  thus ca lculated indicates  more 20 

dev iat ion o f  the  propert ies  o f  the  waste  f rom those  o f  a  

s tandard waste .  More  speci f i ca l ly ,  in  a case  where  y '  i s  a  

negat ive va lue ,  a  larger  abso lute  value  o f  y '  ind icates a  

smal ler  movement  amount o f  the  waste .  In  genera l ,  l i ght  

waste  has  a  smal l  movement  rate  as  compared wi th  waste 25 
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having a  s tandard weight ,  and has a  low moisture  content  

and is  thus easy  to burn .  Accord ing ly ,  i t  can be  sa id that  

waste  whose  y '  i s  a  negat ive  va lue  and whose abso lute 

va lue  o f  y '  i s  large  is  easy  to  burn.  

[0060]  5 

 In  contrast ,  in  a  case where  y '  i s  a pos i t ive  va lue ,  a  

larger the  abso lute  value  o f  y '  ind icates a  larger movement  

amount  o f  the  waste .  In  genera l ,  heavy waste  has  a large 

movement  rate  as  compared wi th  waste  hav ing  a  s tandard 

we ight ,  and has  a  h igh moisture  content  and is  thus 10 

d i f f i cu l t  to  burn.  Accord ing ly ,  i t  can be  sa id that  waste 

whose  y '  i s  a  pos i t ive  va lue  and whose abso lute  va lue  o f  y '  

i s  large  is  d i f f i cu l t  to  burn.  

[0061]  

 There fore ,  for  example ,  in  F ig .  5 ,  in  a  case  where  the 15 

movement  amount  and the  waste  feed ing  rate o f  a  cer ta in 

waste  are  p lot ted in  a  reg ion h5 that  is  set  above  the  

regress ion l ine h3,  i t  can be  sa id  that  the waste  is  d i f f i cu l t  

to  burn.  In  contrast ,  in  F ig .  5 ,  in  a  case  where  the  

movement  amount  and the  waste  feed ing  rate o f  a  cer ta in 20 

waste  are  p lot t ed in  a  reg ion  h6 that  is  set  be low the 

regress ion l ine  h3,  i t  can be  sa id  that  the  waste  is  easy  to  

burn.  S ince  the  po int  h4 is  wi th in  the  reg ion h6 be low the 

regress ion l ine  h3,  i t  can be  sa id  that  the  waste  at  the  

po int  h4 is  easy  to  burn.  25 
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[0062]  

 In  v iew o f  the  above ,  the in f luence  predic t ion sect ion 

106 may c lass i fy  waste  accord ing to  the  va lue  o f  y '  and 

output  a  c lass i f i cat ion resul t  as  the  pred ic t ion resul t .  For  

example ,  the  in f luence  pred ic t ion sect ion 106 may pred ic t  5 

that  there  is  an  in f luence  on the  combust ion state  in  a  

case  where the  va lue o f  y '  ca lculated by the  property 

pred ic t ion sect ion 105 is  p lo t ted  in  the  reg ion h5 or  h6 .  

The in f luence  predic t ion sect ion 106 can determine the 

magni tude o f  the  in f luence  in  accordance  wi th  the  10 

magni tude o f  the  va lue  o f  y ' .  On the  other  hand ,  the  

in f luence  pred ic t ion sect ion 106 may pred ic t  that  there is  

no in f luence  on the combust ion state when the va lue o f  y '  

i s  p lo t ted  in  a  reg ion between the  reg ions  h5 and h6.  

[0063]  15 

 Note  that  the  method o f  pred ic t ing  the  combust ion 

state is  not  l imi ted to  the example descr ibed above .  As  the  

method,  a  techn ique that  corresponds to  the  combus t ion 

state  to  be  pred ic ted  may be  used as  appropr iate .  For  

example ,  the  in f luence  pred ic t ion sect ion 106 may pred ic t  20 

a  lower  ca lor i f i c  va lue .  In  th is  case ,  i t  i s  suf f ic ient  to  

formulate  a corre lat ion between the  value  o f  y '  and the 

lower  ca lor i f i c  va lue .  Then,  the  in f luence  predic t ion 

sect ion 106 can predic t  the  lower  calor i f i c  va lue  by us ing 

a  formula  obta ined by  such formulat ion .  25 
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[0064]  

 Further ,  a  method o f  obta in ing  a  s tandard movement  

amount  is  not  l imi ted to  the  example  descr ibed above .  For  

example ,  as  in  the example  descr ibed above ,  a f ter  the  

movement  amount  o f  waste  o f  var ious propert ies  is  5 

measured at  var ious waste feed ing  rates in  a waste  

inc inerat ion p lant ,  the  waste feed ing rates  may be  div ided  

into  respect ive  sect ions corresponding to  a  p lura l i ty  o f  

numer ica l  ranges  and the  s tandard movement  amount  in  

each o f  the  sec t ions may be  pre l iminar i ly  obta ined.  The 10 

s tandard movement  amount  may be ,  for  example ,  an 

average  va lue  or  a  median va lue  o f  the  movement  amounts  

in  each o f  the  sect ions .  In th is  case ,  the s tandard 

movement  amount  ca lculat ion sect ion 104 can determine 

the  s tandard movement  amount  on the  bas is  o f  which 15 

category  the  current  waste  feed ing  rate  be longs  to .  

[0065]  

 Further ,  ins tead o f  determining the  s tandard 

movement  amount  by  a  l inear  model  as  in  regress ion 

analys is ,  the  s tandard movement  amount  can be  obta ined 20 

by ,  for  example ,  a  non- l inear  model  such as  a  neura l  

network.  In th is  case ,  a machine - t ra ined s tandard 

movement  amount  predic t ion model  that  has  learned the 

re la t ion between the waste  feed ing  rate and the  s tandard 

movement  amount  is  prepared in  advance .  Then,  the 25 
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standard movement  amount ca lculat ion sect ion 104 can 

ca lculate  the  s tandard movement  amount  by  inputt ing  the  

waste  feed ing rate  to  th is  s tandard movement  amount 

pred ic t ion model .  

[0066]  5 

 (F low o f  process )  

 A  f low o f  the  process  (pred ic t ion method)  executed 

by  the predic t ion dev ice 1  wi l l  be  descr ibed wi th  re ference 

to  F ig .  6 .  F ig .  6  is  a  f lowchart  showing  an example  o f  a  

process  executed by  the  pred ic t ion dev ice  1 .  Note  that  the  10 

process  o f  F ig .  6  is  carr ied  out ,  for  example,  each t ime the  

imaging  dev ice  2  captures  a  new image .  

[0067]  

 In  S1,  the  data  obta in ing  sect ion 101 obta ins  t ime -

ser ies images  each obta ined by captur ing ,  f rom above ,  an 15 

image o f  the  hopper  and stores  the  t ime -ser ies  images in  

the  image DB 111 .  As  descr ibed above ,  s ince  these  images  

are  captured by  the  imaging dev ice  2  (see  F ig .  2 ) ,  the  data 

obta in ing  sect ion 101 can obtain  the  images captured by  

the  imaging  dev ice  2 .  20 

[0068]  

 In  S2,  the determinat ion sect ion 102 determines  

whether  or  not  waste  is  captured in  the  target  reg ion in  

the  image obta ined in  S1 .  S ince  how to  determine whether 

or  not  the  waste  is  captured in  the target  reg ion is  as  25 
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descr ibed above  wi th  re ference  to  F ig .  3 ,  the  descr ipt ion 

wi l l  not  be  repeated here .  In  a case  where  the 

determinat ion resul t  i s  YES in  S2,  the  process  proceeds  to 

S3,  whereas  in  a  case  where  the  determinat ion resul t  i s  

NO in  S2,  the  process  shown in  F ig .  6  ends.  5 

[0069]  

 In  S3 ( the s tep o f  generat ing movement  data ) ,  the  

movement  data  generat ion sect ion 103 generates 

movement data  f rom the  fo l lowing images :  an image  

obta ined in  S1;  and an image captured ear l ier  than the 10 

image obta ined in  S1 .  The movement  data  indicates  the 

movement  s tate  o f  the  waste  that  is  an inc inerat ion target  

ob ject .  For  example ,  in  a  case  where  an image captured at  

t ime t  +  Δt  is  obta ined in  S1,  the  movement data  generat ion 

sect ion 103 reads out  an image captured at  t ime t  f rom the 15 

image DB 111.  The movement  data  generat ion sect ion 103 

then generates  the movement  data that  indicates the  

movement  s tate  o f  the  waste  in  a  per iod f rom t ime t  to  t ime 

t  +  Δt .  S ince  the  method o f  generat ing  the  movement  data  

has been descr ibed above wi th  re ference to  F ig .  4 ,  the  20 

descr ipt ion wi l l  not  be  repeated here .  

[0070]  

 In  S4,  the s tandard movement amount  ca lculat ion 

sect ion 104 determines the  waste feed ing rate and 

ca lculates ,  wi th  use o f  the  s tandard movement  amount 25 
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ca lculat ion formula 112,  the s tandard movement  amount  

f rom the  waste  feed ing rate  thus determined .  Note  that  the  

va lue  to  which the  waste  feed ing rate  is  set  may be  

inputted by a  user  o f  the  pred ic t ion dev ice 1  v ia the  input 

sect ion 13 or ,  a l ternat ive ly ,  may be  determined by  5 

communicat ing  wi th  a  contro l  dev ice  o f  a  waste  

inc inerat ion p lant  v ia  the  communicat ion sect ion 12.  

[0071]  

 In  S5 ( the  s tep o f  pred ic t ing  propert ies ) ,  the  property  

pred ic t ion sect ion 105 pred ic ts  the  propert ies  o f  the  waste 10 

to  be  inc inerated .  More  spec i f i ca l ly ,  the  prope rty 

pred ic t ion sect ion 105 ca lculates ,  as a  pred ic t ion resul t ,  

the  d i f ference  between (a )  the  movement  amount  which is  

ind icated by  the  movement  data  generated by  the  

movement data  generat ion sect ion 103 in  S3 and (b)  the  15 

s tandard movement  amount  which is  ca lculated  wi th  use  

o f  the  waste  feed ing rate  by  the  s tandard movement 

amount  ca lculat ion sect ion 104 in  S4 .  As  descr ibed above ,  

s ince  the  s tandard movement  amount  is  ca lculated wi th 

use  o f  the  waste  feed ing rate ,  i t  can be  sa id  that  in  S5,  the 20 

property  pred ic t ion sect ion 105 pred ic ts  the propert ies  o f  

the  waste  on the  bas is  o f  the  movement  data  and the  waste  

feed ing  rate .  

[0072]  
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 In  S6,  the  in f luence  predic t ion sect ion 106 predic ts 

an in f luence  on a  combust ion state  o f  the  inc inerator  due 

to inc inerat ion o f  waste ,  on the  bas is  o f  the  propert ies o f  

the  waste  which have been predic ted by  the  property 

pred ic t ion sect ion 105 in  S5 .  Note  that  pred ic t ion o f  the  5 

combust ion s tate  is  not  essent ia l ,  and i t  i s  a lso  poss ib le  

to  carry out  the  process ing  in S7 and subsequent  s teps on 

the  bas is  o f  the  pred ic t ion resul t  in  S5.  

[0073]  

 In  S7,  the  equipment  contro l  sect ion 107 determines ,  10 

on the bas is  o f  the  pred ic t ion resul t  in S6,  whether  or  not  

to  carry  out  contro l  for  keeping the  combust ion state  in  

the  inc inerator  in  a  good state .  In  a  case  where  a  

determinat ion resul t  i s  YES in  S7,  the  process  proceeds  to 

S8,  and in  S8,  the  equipment  contro l  sect ion 107 carr ies  15 

out  the  contro l  for  keeping  the  combust ion sta te  in  the  

inc inerator  in  a  good s tate .  In  contrast ,  in  a  case  where  

the  determinat ion resul t  i s  NO in  S7,  the  process  in  F ig .  6 

ends wi thout  carry ing  out  process ing  in  S8.  

[0074]  20 

 Note  that  i t  i s  poss ib le  to  predetermine  a 

determinat ion cr i ter ia  for  S7 and also  to predetermine a  

method o f  determining contro l  conten t  in  S8 .  For  example ,  

in  a  case  where  the  magni tude o f  the  in f luence  on the  

combust ion s tate  is  pred ic ted in  four  leve ls  inc luding 25 
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" large" ,  "medium",  "smal l " ,  and "no in f luence " ,  the contro l  

can be carr ied  out  ( the determinat ion resul t  in  S7 is  YES)  

in  a  case  where  the  predic t ion resul t  i s  a  pred ic t ion resul t  

o ther  than no in f luence .  Further ,  the equipment  contro l  

sect ion 107 may increase  an amount  o f  contro l  for  5 

promot ing  or  suppress ing  combust ion as  a  pred ic ted 

in f luence  on the  combust ion increases .  

[0075]  

 Note  that  the  equipment  contro l  sect ion 107 can 

determine whether  to  carry out  contro l  to  promote 10 

combust ion or  contro l  to  suppress combust ion,  for  

example ,  as  fo l lows .  Fi rs t ,  the  equipment contro l  sect ion 

107 determines  that :  whether  or  not  the movement  amount 

which is  indicated by  the  movement  data  generated by  the  

movement  data  generat ion sect ion 103 in  S3 is  larger  than 15 

the  s tandard movement  amount  which is  ca lculate d wi th 

use  o f  the  waste  feed ing rate  by  the  s tandard movement  

amount  ca lculat ion sect ion 104 in  S4 .  In  a case  where ,  in 

th is  determinat ion,  i t  i s  determined that  the  movement  

amount  indicated by the  movement  data generated by the  20 

movement  data  generat ion sect ion 103 is  larger ,  the waste  

is  cons idered to  have  a  h igher  moisture  content  and  thus 

be  more  d i f f i cu l t  to  burn than standard waste .  There fore ,  

the  equipment  contro l  sect ion 107 may determine to  carry 

out  contro l  to  promote  combust ion ( e .g . ,  contro l  to  heat  by  25 
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a burner  or  to  increase  the  amount  o f  combust ion a i r ) .  In  

contrast ,  in  a  case  where  i t  i s  determined  that  the  

s tandard movement  amount  is  larger ,  the  waste  is  

cons idered to  have  a  lower moisture  content  and thus be 

eas ier  to  burn than the s tandard waste .  There fore ,  the  5 

equipment  contro l  sect ion 107 may determine to  carry  out 

contro l  to  suppress  combust ion ( e .g . ,  contro l  to  decrease  

the  amount  o f  combust ion a i r ) .  This  makes i t  poss ib le  to  

keep the  combust ion state  in the  inc inerator  in  a good 

s tate .  10 

[0076]  

 Further ,  in  S7,  i t  i s  poss ib le  to  carry  out  contro l  in 

cons iderat ion o f  a  t ime lag  f rom when the  waste  is  

introduced into  the  hopper  unt i l  when the  waste  is  fed  to 

the  inc inerator .  For  example,  the  equipment  contro l  15 

sect ion 107 may ca lculate ,  wi th  use  o f ,  for  example ,  the 

waste  feed ing rate ,  a  t ime f rom when the  waste  is  

introduced into  the  hopper  unt i l  when the  waste  is  fed  to 

the  inc inerator .  Then,  when the  t ime has e lapsed,  the  

equipment  contro l  sect ion 107 may carry out  contro l  in 20 

accordance  wi th  the  in f luence ,  which has been predic ted,  

on the  combust ion s tate  o f  the  waste .  

[0077]  

 Further ,  depending on the  contro l  content ,  there  may 

be  a  t ime lag  unt i l  the  resul t  o f  the  contro l  i s  re f lec ted on 25 
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the  combust ion state .  There fore ,  the  equipment  contro l  

sect ion 107 may carry out  contro l  so that  the resul t  o f  the  

contro l  i s  re f lec ted on the combust ion state  at  the same as  

or  be fore  the  waste  is  fed  to  the  inc inerator .  

[0078]  5 

 Further ,  in  S7,  the  equipment  contro l  sect ion  107 

may be conf igured to determine the contro l  content  f rom 

the  predic t ion resul t  o f  the  property  pred ic t ion sect ion 105 .  

In  th is  case ,  process ing  of  S6 is  omit ted,  and the  in f luence  

pred ic t ion sect ion 106 becomes unnecessary .  10 

[0079]  

 As  descr ibed above ,  the pred ic t ion method in  

accordance  wi th  the  present  embodiment  inc ludes  s teps  

(S3 )  and (S5) .  In  the  s tep  (S3 ) ,  in  an inc inerat ion p lant  in  

which waste  introduced into  a  hopper  is  fed  to  an  15 

inc inerator  at  a  spec i f i ed  waste  feed ing rate ,  movement 

data ,  which indicates a  movement  state  o f  the  waste ,  i s  

generated f rom a p lura l i ty  o f  t ime-ser ies  images  each 

obta ined by  captur ing ,  f rom above ,  an image o f  the  hopper .  

In  the s tep (S5) ,  the propert ies  o f  the  waste  to be  20 

inc inerated are  pred ic ted on the bas is  o f  the  movement 

data  generated in  the  s tep (S3)  and the  waste  feed ing rate .  

With th is  pred ic t ion method,  i t  i s  poss ib le  to  contr ibute  to 

improvement  in  operat ion o f  the  inc inerat ion p lant .  

[0080]  25 
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 Note  that  as  descr ibed at  the  beg inning o f  

Embodiment  1,  appl icat ion o f  the  p lant  contro l  system 100 

is  not  l imi ted to  appl icat ion to  a  waste  inc inerat ion p lant ,  

but  can be  appl icat ion to any inc inerat ion p lant  for  

inc inerat ing  any inc inerat ion target  ob ject .  Further ,  the  5 

inc inerat ion target  ob ject  accommodated in  the  hopper  is  

not  l imi ted to  waste .  That  is ,  the  "waste"  descr ibed in  the  

above-descr ibed embodiment  can be  read as  any 

" inc inerat ion target  ob ject" .  This a lso  appl ies  to  

Embodiment  2  and a  subsequent  embodiment  descr ibed 10 

be low.  

[0081]  

 Embodiment  2  

 The fo l lowing descr ipt ion wi l l  d iscuss  another  

embodiment  o f  the  present  invent ion .  For  convenience ,  15 

members which are ident ica l  in funct ion to  the member s  

descr ibed in  the  above  embodiment  are  g iven respect ive  

ident ica l  re ference  s igns ,  and descr ipt ions  o f  those  

members  are not  repeated .  This a lso  appl ies  to 

Embodiment  3  descr ibed la ter .  20 

[0082]  

 (Conf igurat ion o f  pred ic t ion dev ice )  

 F ig .  7  is  a  b lock  d iagram i l lustrat ing  an example  o f  

a  conf igurat ion o f  a  main part  o f  a  pred ic t ion dev ice  1A in  

accordance  wi th  the  present  embodiment .  The predic t ion 25 
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dev ice  1A is  d i f ferent f rom the  predict ion dev ice 1  

i l lustrated in  F ig .  1  in  that :  the  pred ic t ion dev ice  1A does 

not  inc lude a  s tandard movement  amount ca lculat ion 

sect ion 104;  and the  pred ic t ion dev ice  1A inc ludes  a  bulk  

dens i ty  pred ic t ion sect ion (pred ic t ion sect ion )  105A and a  5 

ca lor i f i c  va lue  pred ic t ion sect ion 106A,  instead o f  the 

property pred ic t ion sect ion 105 and the  in f luence  

pred ic t ion sect ion 106.  The predic t ion dev ice  1A is  

d i f f erent  f rom the  pred ic t ion dev ice  1  a lso  in  that :  a  

s torage  sect ion 11 o f  the  pred ic t ion dev ice  1A  does  not  10 

store  the  s tandard movement  amount  ca lculat ion formula  

112,  but  instead,  s tores  a bulk  dens i ty  pred ic t ion formula  

112A and a  ca lor i f i c  va lue  pred ic t ion formula  113A.  

[0083]  

 The bulk  dens i ty  pred ic t ion sect ion 105A ca lculates  15 

a  bulk dens i ty  wi th  use o f  a  movement  amount  which is  

ind icated by  movement  data  generated by  a  movement  data 

generat ion sect ion 103,  a  waste  feed ing  rate ,  and the  bulk  

dens i ty  pred ic t ion formula  112A.  The bulk  dens i ty  

pred ic t ion formula  112A is  a  mathemat ica l  express ion 20 

indicat ing a  re la t ion between (a )  the  movement amount o f  

the  waste  and the  waste  feed in g rate  and (b )  a  bulk  dens i ty  

o f  waste .  A  method o f  pred ic t ing  the  bulk  dens i ty  wi l l  be  

d iscussed la ter  in  deta i l  w i th  re ference  to  F ig .  8 .  

[0084]  25 
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 The ca lor i f i c  va lue predic t ion sect ion 106A 

ca lculates a  pred ic ted value  o f  a  lower  ca lor i f i c  value  

(ca lor i f i c  va lue )  a t  the t ime when the waste  is  inc inerated,  

wi th  use o f  the  ca lor i f i c  va lue  predic t ion formula  113A 

which indicates  a  re lat ion between the  bulk  dens i ty  o f  the  5 

waste  and the  lower  ca lor i f i c  va lue  (ca lor i f i c  va lue )  a t  the  

t ime when the  waste  is  inc inerated .  A  method o f  pred ic t ing  

the  lower  ca lor i f i c  va lue  (ca lor i f i c  va lue )  wi l l  be  d iscussed 

la ter  in  deta i l  w i th  re ference  to  F ig .  9 .  

[0085]  10 

 (Method o f  pred ic t ing  bulk  dens i ty )  

 The inventors  o f  the  present  invent ion have  s tudied 

whether  or  not  i t  i s  poss ib le  to  express  the  bulk  dens i ty  

wi th  use o f  the  movement  amount  o f  waste  and the  waste 

feed ing rate .  As a  resul t  o f  such studies ,  the inventors o f  15 

the  present  invent ion have  found the  fo l lowing:  i t  i s  

poss ib le  to  pred ic t ,  for  waste  wi th  var ious bulk  dens i t ies ,  

the  bulk dens i ty  by the  fo l lowing mathemat ica l  express ion 

(1 ) ,  which has  been obta ined  by  mult ip le  regress ion 

analys is  us ing resul ts  o f  measur ing  the movement  amount  20 

and the  waste  feed ing  rate .  

y  =  ax1 +  bx2 +  cx1*x2 +  d  (1 )  

 Note  that  in  the  above  mathemat ica l  express ion (1 ) ,  

y  represents  bulk  dens i ty  [ t/m 3 ]  ( t  i s  a  uni t  o f  mass:  ton) ,  

x1  represents  waste  feed ing rate  [m/h] ,  X2 represents  a  25 
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movement  amount  o f  waste  (a  non-d imensional  amount 

ca lculated by  the  image corre lat ion method) ,  and a to  d 

are  coe f f ic ients  obta ined by  the  mult iple  regress ion 

analys is .  

[0086]  5 

 F ig .  8  is  a d iagram that  shows a  re lat ion between a 

pred ic ted va lue  and an actual  va lue  o f  the  bulk  dens i ty .  In  

F ig .  8 ,  the  vert ica l  axis  represents  the  predic ted va lue o f  

the  bulk  dens i ty  ca lculated by  the  above  mathemat ica l  

express ion (1 ) ,  and the  hor izonta l  ax is  represents  the 10 

actual  bulk dens i ty .  From a graph J shown in  F ig .  8 ,  i t  can 

be  seen that  the  bulk  dens i ty  c an be  accurate ly  pred ic ted 

by  the  above  mathemat ica l  express ion (1 ) .  In  an example  

shown in the  graph J ,  the  coe f f i c ient  o f  determinat ion was 

0 .8565.  15 

[0087]  

 Note  that  the  inventors  o f  the  present  invent ion a lso 

t r ied  to pred ic t  the bulk  dens i ty  by the  fo l lowing 

mathemat ica l  express ion (2 )  for  compar ison.  

y  =  ax1 +  b  (2 )  20 

 The predic ted va lue  o f  the  bulk  dens i ty  by  the  

mathemat ica l  express ion (2 )  a lso  conformed to  the  actual  

bulk  dens i ty  to  a  cer ta in  extent ,  but  the  coe f f i c ient  o f  

determinat ion was infer ior  to  that  in  a  case wi th  use o f  the  

mathemat ica l  express ion (1 ) .  This shows that  the  25 
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movement  amount  o f  the  waste  contr ibutes  to  improvement  

in  est imat ion accuracy  o f  the  bulk  dens i ty .  

[0088]  

 Of  course ,  o ther  than us ing the  mathemat ica l  

express ion (1 ) ,  var ious methods can be  used to  ca lculate 5 

the  pred ic ted va lue  o f  the  bulk  dens i ty  f rom the  waste  

feed ing  rate  and the  movement  amount .  That  is ,  the  

pred ic ted va lue  o f  the  bulk  dens i ty  can be  ca lcu lated by  

us ing  any predic t ion model  which is  obta ined by model l ing  

the  re la t ion between (a )  the  waste  feed ing  rate  and the  10 

movement  amount  o f  the  waste  and (b )  the  bulk  dens i ty .  

[0089]  

 As  descr ibed above ,  the  resul ts  o f  s tudies  by  the  

inventors  o f  the  present  invent ion show that  there  is  a  

corre lat ion between (a )  the  movement  amount  o f  waste  in  15 

a  hopper and the  waste  feed ing rate and ( b )  the  bulk 

dens i ty  o f  the  waste .  There fore ,  wi th  use  o f  the  pred ic t ion 

dev ice  1A prov ided wi th  the  bulk  dens i ty  pred ic t ion  sect ion 

105A conf igured to ca lculate  the  bulk dens i ty  wi th  use o f  

the  bulk  dens i ty  pred ic t ion formula  112A which indicates 20 

the  re lat ion between  (a )  the  movement  amount  o f  the  waste  

and the waste  feed ing rate and (b )  the bulk  dens i ty  o f  the 

waste ,  i t  i s  poss ib le  to  ca lculate ,  as  the  predic t i on resul t ,  

a  bulk  dens i ty  o f  a  reasonable  va lue .  

[0090]  25 
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 Further ,  the  waste  feed ing  rate  is  a  va lue  which 

var ies  per  second,  and is  a  highly  rea l - t ime va lue .  Further ,  

the  movement amount  o f  the  waste  is  a lso  h ighly  rea l - t ime 

in format ion that  can be  obta ined ,  for  example ,  in  uni ts  o f  

minutes .  As  wi l l  be descr ibed be low, the  movement amount  5 

o f  the  waste is  a lso a  va lue that  is  dependent  on the  bulk 

dens i ty .  

[0091]  

 F i rs t ,  i t  has been found that  there  is  a  corre lat ion 

between the  waste  feed ing  rate  and the  movement  amount  10 

o f  waste .  However ,  even at  one  waste  feed ing rate ,  the  

movement  amount  o f  the  waste  var ies .  One poss ib le  cause  

o f  th is  var iat ion is  a d i f ference  in  we ight o f  the  waste .  That 

is ,  i t  i s  considered that  when the  waste  set t les  in  the 

hopper ,  heavy  waste  has  a  greater  degree  o f  compress ion 15 

due to  i ts  own weight  than that  o f  l ight  waste ,  and thus,  

the  movement amount  per uni t  t ime o f  the heavy  waste  

becomes large ,  that  is ,  a  movement  rate  per  uni t  t ime o f  

the  heavy waste  is  large .  In  th is  way,  the rate  at  which the  

waste  set t les  in  the  hopper  is  a f fec ted by  compress ion due  20 

to  the  waste  feed ing rate  and the weight o f  the  waste  i tse l f .  

There fore ,  the  bulk  dens i ty ,  which is  the  we ight  per  uni t  

vo lume,  var ies depending on the  waste feed ing  rate and  

the  degree  o f  compress ion caused by  the  weight  o f  the  

waste  i tse l f .  There fore ,  i t  can be  sa id  that  the  movement  25 
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amount  o f  the  waste  a lso depends on the  bulk  dens i t y  in 

addi t ion to  the  waste  feed ing  rate .  

[0092]  

 As  descr ibed above ,  wi th  the above  conf igurat ion,  i t  

i s  poss ib le  to  est imate  the  bulk  dens i ty  o f  waste  in  the  5 

hopper  f rom the  h ighly  rea l - t ime in format ion .  Spec i f i ca l ly ,  

i t  i s  poss ib le  to  ca lculate the  pred ic ted va lue o f  the bulk  

dens i ty  s imply  by  captur ing ,  f rom above ,  an image o f  the 

hopper  a  p lura l i ty  o f  t imes and determining the  waste 

feed ing  rate  at  the  t ime o f  captur ing  the  image o f  the  10 

hopper .  This  makes i t  poss ib le  to  est imate ,  in  rea l  t ime,  

the  lower ca lor i f i c  va lue  of  the  waste  f rom the  bulk  dens i ty ,  

and there fore  makes i t  poss ib le  to  ut i l i ze  such an  

est imat ion resul t  in  contro l  o f  an inc inerator .  

[0093]  15 

 Note  that  the bulk  dens i ty  can be  ca lculated by  the  

mathemat ica l  express ion (3 )  descr ibed la ter .  Note  however 

that ,  in th is  method,  i t  i s  necessary to  set  the  

predetermined per iod to  a re la t ive ly  long per iod such as  

one day in  order  to obta in  a  reasonable  va lue o f  the  waste 20 

process ing  amount  (we ight ) .  There fore ,  the  bulk  dens i ty  

cannot  be ca lculated at  a  t ime that  a l lows the  bulk  dens i ty  

to  be  used for  contro l  o f  the  inc inerator .  

[0094]  

 (Method o f  pred ic t ing  lower  ca lor i f i c  va lue )  25 
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 A  method o f  pred ic t ing  a  lower  ca lor i f i c  va lue  by  the  

ca lor i f i c  value  pred ic t ion sect ion 106A wi l l  be  descr ibed 

wi th  re ference  to  F ig .  9 .  F ig .  9  is  a  d iagram showing a 

method o f  pred ic t ing  a  lower  ca lor i f i c  va lue .  F ig .  9  a lso 

shows a  schemat ic  cross -sect ional  v iew o f  a  lower  part  o f  5 

a  hopper  A i l lustrated in  F ig .  2  in  the  v ic in i ty  o f  an opening 

A2.  

[0095]  

 In  a  waste  inc inerat ion p lant ,  waste  introduced into 

the  hopper  s tays  in  the  hopper  for  a  whi le  and is  then fed  10 

to  the  inc inerator  so  as  to  be  inc inerated .  There fore ,  i t  i s  

d i f f i cu l t  to  measure  a  lower  ca lor i f i c  va lue  when waste 

captured in  an image obta ined  by  captur ing  an image o f  

the  hopper  f rom above  is  inc inerated .  

[0096]  15 

 In  l ight  o f  the  above ,  the  inventors  o f  the  present 

invent ion have  f i rs t  ident i f i ed  a  re la t ion between the  bulk  

dens i ty  and the  lower  ca lor i f i c  va lue  on the  bas is  o f  the  

average  ca lor i f i c  va lue o f  a  day in  the inc inerator  and the  

average  bulk  dens i ty  o f  that  day .  The ca lor i f i c  va lue 20 

pred ic t ion sect ion 106A obta ins  the lower  ca lor i f i c  va lue  

f rom the bulk  dens i ty  by us ing  the  re lat ion thus ident i f i ed .  

[0097]  

 As  i l lustrated in  F ig .  9 ,  the  waste  accommodated 

ins ide  the  hopper  A is  fed through the  opening A2 into  the 25 



- 50 - 

 

inc inerator  C.  There fore ,  on the  assumpt ion that  the  

cross-sect ional  area o f  the  opening A2 is  So  and the  

average waste  feed ing rate  is  V,  the  process ing  amount  of  

the  inc inerator  C for  when the  inc inerator  C is  operated  

for  one  day  (24 hours )  i s  expressed as  fo l lows:  5 

[0098]  

 (Dai ly  throughput )  [ ton/day]  =  {V  [m/h]  ×  24 [h/day] }  

×  So  [m2 ]  ×  (bulk  dens i ty )  [ ton/m3 ]  

 There fore ,  the  bulk  dens i ty  is  expressed as  fo l lows:  

[0099]  10 

 (Bulk  dens i ty )  =  (Dai ly  throughput )/  (V  × 24 ×  So )  (3 )  

 K  o f  Fig .  9  is  a  graph i l lustrat ing  the re lat ion 

between the  bulk  dens i ty  obta ined as  descr ibed above  and 

the  lower  ca lor i f i c  va lue  Hu o f  that  day in  the  inc inerator  

C.  As  i l lustrated in  F ig .  9 ,  a l though there  is  var iat ion,  i t  15 

can be  seen that  overa l l ,  there  is  a  c orre lat ion between the  

bulk  dens i ty  and the  lower  ca lor i f i c  va lue .  More 

spec i f i ca l ly ,  the  bulk dens i ty  and the  lower ca lor i f i c  va lue  

are  proport ional  to  each other .  Accord ing ly ,  the  re lat ion 

between the  bulk  dens i ty  and the  lower  ca lor i f i c  va lue  can 20 

be  expressed by  a  s t ra ight  l ine  k1 .  

[0100]  

 There fore ,  the  mathemat ica l  express ion o f  the  

s t ra ight  l ine  k1 is  s tored in the  s torage sect ion 11 as the  

ca lor i f i c  va lue  pred ic t ion formula  113A.  Then,  wi th use  o f  25 
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the  mathemat ica l  express ion,  the  ca lor i f i c  value  pred ic t ion 

sect ion 106A can obtain  a  lower  calor i f i c  va lue  f rom the 

bulk  dens i ty  pred ic ted by the  bulk dens i ty  pred ic t ion 

sect ion 105A.  

[0101]  5 

 As  descr ibed above ,  i t  has  been found that  the  bulk  

dens i ty  o f  the  waste  has  a  corre lat ion wi th  the  lower  

ca lor i f i c  va lue  at  the  t ime when the  waste  is  inc inerated .  

There fore ,  wi th  the pred ic t ion dev ice 1A prov ided wi th  the 

ca lor i f i c  va lue  pred ic t ion sect ion 106A that  pred ic ts  the 10 

lower  ca lor i f i c  va lue  wi th  use  o f  the  ca lor i f i c  va lue 

pred ic t ion formula  113A which indica tes the  re lat ion 

between the  bulk  dens i ty  and the  lower  ca lor i f i c  va lue ,  i t  

i s  poss ib le  to  ca lculate ,  as the  predic t ion resul t ,  a  lower  

ca lor i f i c  va lue  o f  a  reasonable  va lue .  15 

[0102]  

 Note  that  as  descr ibed above ,  i t  i s  poss ib le  to  

ca lculate  the bulk  dens i ty  f rom the  movement amount  o f  

the  waste  and the  waste  feed ing rate .  Furthermore ,  i t  i s  

poss ib le  to  ca lculate  the lower  ca lor i f i c  va lue  f rom the  20 

bulk  dens i ty .  There fore ,  i t  i s  a lso  poss ib le  to  ca lculate  the  

lower  ca lor i f i c  va lue  f rom the  movement  amount  o f  the  

waste  and the  waste  feed ing rate  wi thout  ca lculat ing  the 

bulk  dens i ty .  That  is ,  the  calor i f i c  va lue  predic t ion sect ion 

106A can ca lculate  the lower  ca lor i f i c  va lue o f  waste by  25 
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using a  mathemat ica l  express ion that  indicates  a  re lat ion 

o f :  the  movement  amount  indicated by  the  movement  data 

generated by  the  movement  data  generat ion sect ion 103;  

the  waste  feed ing rate ;  and the  lower  ca lor i f i c  va lue  at  the  

t ime when the  waste  to  be  fed  to  the  inc inerator  at  the  5 

waste  feed ing rate  is  inc inerated .  Even in  such a 

conf igurat ion,  i t  i s  poss ib le  to  ca lculate ,  as  the  pred ic t ion 

resul t  ind icat ing  the  propert ies  o f  the  waste ,  a  lower 

ca lor i f i c  va lue  o f  a  reasonable  va lue .  

[0103]  10 

 As  the  mathemat ica l  express ion for  ca lculat ing  the  

lower  ca lor i f i c  va lue  o f  the  waste ,  for  example ,  a  regress ion 

express ion as  descr ibed above  is  appl icab le .  However ,  the  

mathemat ica l  express ion is  not  l imi ted to  th is  example .  

The ca lor i f i c  va lue  predic t ion sect ion 106A can ca lculate 15 

a  pred ic ted va lue  o f  the  lower  ca lor i f i c  value  by  us ing  any 

pred ic t ion model  which is  obta ined by  model l ing  the  

re la t ion between (a )  the  waste  feed ing rate  and the  

movement  amount  o f  the  waste  and (b )  the  lower  ca lor i f i c  

va lue .  20 

[0104]  

 (F low o f  process )  

 A  f low o f  the  process  (pred ic t io n method)  executed 

by  the  predic t ion dev ice  1A wi l l  be  descr ibed wi th  

re ference  to  F ig .  10.  F ig .  10 is  a  f lowchart  showing  an 25 
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example  o f  a  process  executed by  the  pred ic t ion dev ice  1A.  

Note  that  s ince  the  descr ipt ion o f  process ing  in  S11 to  S13 

o f  F ig .  10 is  ident ica l  to  that  o f  S1 to  S3 o f  F ig .  6 ,  the 

descr ipt ion wi l l  be  omit ted .  

[0105]  5 

 In  S14 ( the  s tep o f  pred ic t ing  propert ies ) ,  the  bulk 

dens i ty  predic t ion sect ion 105A ca lculates a  pred ic ted 

va lue  o f  the  bulk  dens i ty  by  subst i tut ing ,  into the  bulk  

dens i ty  pred ic t ion formula  112A,  the  movement  amount 

ind icated by  the  movement  data generated in  S13 and the 10 

waste  feed ing rate  at  the  t ime when the  waste  moves  by  

the  movement  amount .  

[0106]  

 In  S15,  the  ca lor i f i c  va lue  predic t ion sect ion 106A 

ca lculates  a  pred ic ted va lue  o f  the  lower  ca lor i f i c  va lue  by  15 

subst i tut ing ,  into  the  ca lor i f i c  va lue  pred ic t ion formula 

113A,  the  predic ted va lue  o f  the  bulk  dens i ty  ca lculated in 

S14.  Note  that ,  as  descr ibed above ,  i t  i s  a lso  poss ib le  to  

ca lculate  the lower  ca lor i f i c  va lue  f rom the  movement  

amount  o f  the  waste  and the  waste  feed ing rate  wi thout  20 

ca lculat ing  the bulk  dens i ty .  In  th is  case ,  S14 is  omit ted,  

and S15 becomes the  s tep o f  pred ic t ing  the  propert ies  

(spec i f i ca l ly ,  lower  ca lor i f i c  va lue )  o f  the  waste .  

[0107]  
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 In  S16,  the  equipment  contro l  sect ion 107 

determines ,  on the  basis  o f  the  predic t ion resul t  in  S15,  

whether  or  not  to  carry  out  contro l  for  keeping  the 

combust ion s tate  in the  inc inerator  in a  good state .  In a 

case  where a  determinat ion resul t  i s  YES in  S16,  the  5 

process proceeds to  S17,  and in  S17,  the  equipment  

contro l  sect ion 107 carr ies  out  the  contro l  for  keeping  the 

combust ion s tate  in the  inc inerator  in a  good s tate .  In 

contrast ,  in  a  case  where  the  determinat ion resul t  i s  NO 

in  S16,  the  process  in F ig .  10 ends without  carry ing  out  10 

process ing  in  S17.  

[0108]  

 Note  that  i t  i s  poss ib le  to  predetermine a 

determinat ion cr i ter ia  for  S16 and a lso  to  predetermine a  

method o f  dete rmining  the  contro l  content  in S17 .  For 15 

example ,  the  contro l  may be  carr ied  out  when the 

pred ic ted va lue  o f  the  lower ca lor i f i c  va lue  ca lculated in  

S15 is  outs ide  a  predetermined normal  range  ( the 

determinat ion resul t  in S16 is  YES) .  Further ,  in  a case  

where  the  predic ted va lue  o f  the  amount  o f  heat  generated 20 

is  less  than the  lower  l imi t  o f  the  normal  range ,  the  

equipment  contro l  sect ion 107 may carry out  contro l  for  

increas ing  the  amount  o f  heat  generated (e .g . ,  contro l  to  

heat  by  a burner  or  to  increase  the  amount o f  combust ion 

a i r ) .  In  contrast ,  in a  case  where  the  predicted va lue  o f  the  25 
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amount  o f  heat  generated is  more  than the  upper  l imi t  o f  

the  normal  range ,  the  equipment  contro l  sect ion 107 may 

carry  out  contro l  for  decreas ing  the  amount  o f  heat  

generated (e .g . ,  contro l  to  decrease  the  amount  o f  

combust ion a i r ) .  This  makes i t  poss ib le  to  keep the  5 

combust ion s tate  in  the  inc inerator  in  a  good s tate .  

[0109]  

 Embodiment  3  

 (Conf igurat ion o f  p lant  contro l  dev ice )  

 F ig .  11 is  a b lock d iagram i l lustrat ing  an example  o f  10 

a  conf igurat ion o f  a  main part  o f  a  p lant  contro l  dev ice  1B 

in  accordance wi th the  present  embodiment .  The p lant  

contro l  dev ice 1B is  a  dev ice  that  contro ls  equipment  in  

an inc inerat ion p lant  on the  bas is  o f  a  waste  feed ing rate  

and movement  data  which has  been generated f rom a 15 

p lura l i ty  o f  t ime-ser ies  images  each obta ined by  captur ing 

an image o f  the  hopper  f rom above .  

[0110]  

 Compared wi th  the  pred ic t ion dev ice  1  and the 

pred ic t ion dev ice  1A descr ibed above ,  the  p lant  contro l  20 

dev ice  1B is  the  same in  that  the  movement  data  is  

generated f rom a p lura l i ty  o f  t ime-ser ies  images  each 

obta ined by  captur ing  an image o f  the  hopper  f rom above ,  

whereas  the  p lant  control  dev ice  1B is  d i f ferent in  that  the  

p lant  control  dev ice  1B contro ls  equipment  wi thout  25 
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predic t ion o f  propert ies o f  waste .  There fore ,  i t  i s  a lso 

poss ib le  to  conf igure  the  p lant  contro l  system 100 

obta ined by  rep lac ing ,  in  F ig .  2 ,  the  pred ic t ion dev ice  1  by  

the  p lant  contro l  dev ice  1B.  

[0111]  5 

 Unl ike  the  predic t ion dev ice  1  i l lustrated in  F ig .  1 ,  

the  p lant  contro l  dev ice 1B inc ludes  none o f  the  s tandard 

movement  amount  ca lculat ion sect ion 104,  the  property  

pred ic t ion sect ion 105,  and the  in f luence  predic t ion 

sect ion 106.  The p lant  contro l  dev ice  1B,  instead,  inc ludes  10 

a  contro l  content  determinat ion sect ion 105B .  Further ,  in 

the  s torage  sect ion 11 o f  the  p lant  contro l  dev ice  1B,  the 

s tandard movement  amount  ca lculat ion formula 112 is  not  

s tored,  but  instead,  the  contro l  content  determinat ion 

model  112B is  s tored .  15 

[0112]  

 The contro l  content  determinat ion sect ion 105B 

determines  the  contro l  content  for  the  equipment  in  the  

waste  inc inerat ion p lant  on the  bas is  o f  the  movement  data  

generated by  a movement  data  generat ion sect ion 103 and 20 

the  waste  feed ing rate .  For  example ,  the  contro l  content 

determinat ion sect ion 105B can determine a  contro l  

content  o f  a t  l east  one  se lected f rom the  group cons is t ing 

o f  the  fo l lowing (1 )  to  (5 ) :  (1 )  contro l  o f  introduct ion o f  

waste  into  a  hopper ;  (2 )  contro l  o f  the  waste  feed ing rate ,  25 
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(3 )  contro l  o f  a  t ransfer  speed (grate  speed)  o f  the  waste  in  

an inc inerator ,  (4 )  contro l  o f  combust ion o f  the  waste  in  

the  inc inerator ;  and (5 )  contro l  o f  s t i r r ing  o f  the  waste  in 

a  p i t .  The cont ro l  content  can  inc lude,  for  example ,  a  

contro l  target  and a  contro l  amount .  5 

[0113]  

 Note that  these  contro ls  are  contro ls  ne cessary  for  

mainta in ing  an appropr iate  combust ion s tate .  There fore ,  

the  contro l  content  determinat ion sect ion 105B determines  

not  to  carry  out  contro l  when there  is  no  contro l  that  10 

should  be  carr ied  out  in  order  to  mainta in  the  appropr iate 

combust ion s tate .  

[0114]  

 More  spec i f i ca l ly ,  the  contro l  content  determinat ion 

sect ion 105B de termines  the  contro l  content  wi th  use  o f  a  15 

contro l  content  determinat ion model  112B .  The contro l  

content  determinat ion model  112B is  a  model  constructed 

to  be capable  o f  determin ing the  contro l  content  f rom the  

movement  data  and the  waste  f eed ing  rate .  For  example ,  

in  a  case  where  the  contro l  amount  o f  the  grate  speed is  20 

to  be  determined,  i t  i s  poss ib le  to  use  the  contro l  content  

determinat ion model  112B, in  which  the movement  amount  

and the  waste  feed ing rate  are  explanatory  var iab les  and 

an opt imum grate  speed for  mainta in ing an appropr iate 

combust ion s tate  is  an object ive  var iab le .  Such a  contro l  25 
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content  determinat ion model  112B can be constructed by 

mult ip le  regress ion analys is  or  can be  constructed by  

another  a lgor i thm such as  a  neura l  net .  

[0115]  

 An equipment  contro l  sect ion 107 then carr ies  out  5 

the  contro l ,  wh ich has  been determined by  the  contro l  

content  determinat ion sect ion 105B,  on the  equipment  in  

the  waste  inc inerat ion  p lant .  As  descr ibed above ,  the  

contro l  content  determinat ion sect ion 105B determines  the  

contro l  content  on the  bas is  o f  the  movement  data  and the 10 

waste  feeding rate .  Therefore ,  the equipment  contro l  

sect ion 107 can be  sa id to  contro l  the  equipment in  the  

waste  inc inerat ion p lant  on the  bas is  o f  the  movement  data 

and the  waste  feed ing  rate .  

[0116]  15 

 As  descr ibed above ,  the  p lant  contro l  dev ice  1B 

inc ludes  the  movement  data  generat ion sect ion 103 and 

the  equipment  contro l  sect ion 107 .  The movement  data  

generat ion sect ion 103 generates  movement  data ,  which 

indicates  a  movement  s tate  o f  waste ,  f rom a p lura l i ty  o f  20 

t ime-ser ies  images  each obta ined by captur ing ,  f rom above ,  

an image o f  a  hopper  in  an inc inerat ion p lant  where  the  

waste  introduced into the  hopper  is  fed  to  an inc inerator 

at  a  spec i f i ed  waste  feed ing rate .  The equipment  contro l  

sect ion 107 carr ies  out ,  on the  bas is  o f  the  movement  data 25 
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generated by  the  movement  data  generat ion sect ion 103 

and the  waste  f eed ing rate ,  contro l  that  is  a t  l east  one 

se lected f rom the group cons is t ing o f  (1 )  contro l  o f  

introduct ion o f  the  waste  into  the  hopper ;  (2 )  contro l  o f  

the  waste  feed ing  rate ;  (3 )  contro l  o f  the  t ransfer  speed o f  5 

the  waste  in  the  inc inerator ;  (4 )  contro l  o f  combust ion o f  

the  waste  in  the  inc inerator ;  and (5 )  contro l  o f  s t i r r ing  o f  

the  waste  in  the  p i t .  

[0117]  

 As  descr ibed above ,  a d i f ference  in propert ies  o f  an 10 

inc inerat ion target  ob ject  such as  waste  appears  as  a 

d i f f erence  in movement  s tate o f  the inc inerat ion target  

ob ject  captured in  images .  Then,  the  d i f f erence  in  the 

propert ies  o f  the  inc inerat ion target  ob ject  a f fec ts  the  

content  o f  contro l  necessary  to  mainta in  an appropr iate  15 

combust ion s tate  o f  the  inc inerat ion target  ob ject .  

Accord ing ly ,  f rom the  movement  s tate  o f  the  waste  

captured in  the  image,  i t  i s  poss ib le  to  determine the  

contro l  necessary to  mainta in an appropr iate  combust ion 

state  o f  the  waste .  There fore ,  wi th  the  above  conf igurat ion,  20 

i t  i s  poss ib le  to  carry out  appropr iate  contro l  in  

accordance  wi th  the  propert ies  o f  the  waste ,  and there fore 

to  contr ibute  to  improvement  in  operat ion  o f  the  

inc inerat ion p lant .  

[0118]  25 



- 60 - 

 

 (F low o f  process )  

 A  f low o f  a  process  (p lant  contro l  method,  method for  

contro l l ing  a  p lant )  executed by  the  p lant  cont ro l  dev ice 

1B wi l l  be descr ibed wi th  re ference  to  F ig .  12.  F ig .  12 is  a  

f lowchart  showing  an example  o f  the  process  executed by  5 

the  p lant  contro l  dev ice  1B.  Note  that  s ince the  descr ipt ion 

o f  process ing  in  S21 to  S23  o f  F ig .  12 is  ident ica l  to  that  

o f  S1 to  S3 o f  F ig .  6 ,  the  descr ipt ion wi l l  be  omit ted .  

[0119]  

 In  S24,  the  contro l  content  determinat ion sect ion 10 

105B determines  the  contro l  content  wi th  use  o f  the  

contro l  content  determinat ion model  112B.  For  example ,  

the  fo l lowing are  assumed:  the movement  data  generated 

in  S23 is  data  that  ind icates  movement  amounts ;  and the  

contro l  content  determinat ion model  112B is  a  model  in  15 

which the  movement  amount  and the  waste  feed ing rate 

are  explanatory  var iab les and a  change amount  o f  the  

waste  feed ing rate ,  which is  opt imal  for  mainta in ing  an 

appropr iate  combust ion state ,  i s  an ob ject ive  var iab le .  In  

th is  case ,  the contro l  content  determinat ion sect ion 105B 20 

determines the  change amount o f  the waste  feed ing  rate ,  

which is  opt imal  for  mainta in ing  an appropr iate  

combust ion s tate ,  f rom (a )  the  movement  amount  indicated 

by  the movement  data generated in S23 and ( b )  a  va lue  
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obta ined by  inputt ing  the  waste  feed ing  rate  to  the  contro l  

content  determinat ion model  112B.  

[0120]  

 In  S25,  the  equipment  contro l  sect ion 107 

determines  whether  or  not  to  car ry  out  contro l  fo r  keeping  5 

the  combust ion state  in  the  inc inerator  in  a  good state .  In  

a  case where  a determinat ion resul t  i s  YES in  S25,  the  

process proceeds to  S26,  and in  S2 6,  the  equipment  

contro l  sect ion 107 carr ies  out  contro l  o f  the  content 

determined in  S24.  In  contrast ,  in  a  case  where  the 10 

determinat ion resul t  i s  NO in  S25,  the process  in  F ig .  12 

ends wi thout  carry ing  out  process ing  in  S26.  

[0121]  

 Note  that  i t  i s  poss ib le  to  predetermine a 

determinat ion cr i ter ia  for  S25.  For  example ,  i t  may be  15 

determined to carry  out contro l  (YES in  S25)  unless  i t  i s  

determined in  S24 that  contro l  i s  not  to  be carr ied  out or  

the  contro l  amount  is  determined to  be  zero .  Further ,  for  

example ,  in a  case  where the  contro l  content determinat ion 

model  112B used is  constructed to  output ,  together  wi th 20 

the  contro l  content  pred ic ted to  be  opt imal ,  a  numer ica l  

va lue  indicat ing  the  degree  o f  cer ta inty  o f  that  pred ic t ion,  

i t  can be  determined that  the  contro l  i s  to  be  carr ied  out  

(YES in  S25)  i f  the  degree  o f  cer ta inty  is  more  than or  equal  

to  a threshold  va lue .  A l ternat ive ly ,  for  example ,  i t  i s  25 



- 62 - 

 

poss ib le  to  present ,  to  an operator ,  the  contro l  content  

determined in  S24 and make the  operator  input  whether 

or  not  to  execute  the  contro l .  

[0122]  

 As  descr ibed above ,  the  p lant  contro l  method in  5 

accordance  wi th  the  present  embodiment  inc ludes  s teps  

(S23)  and (S26) .  In  the  s tep (S23) ,  movement  data ,  which  

indicates  a  movement  s tate  o f  the  waste ,  i s  generated f rom 

a p lura l i ty  o f  t ime -ser ies  images  each obta ined by 

captur ing ,  f rom above ,  an image o f  a  hopper  in  an  10 

inc inerat ion plant  in which waste  introduced into  the  

hopper  is  fed  to  an inc inerator  at  a  spec i f i ed  waste  feed ing 

rate .  In  the  s tep  (S26) ,  on the  bas is  o f  the  movement  data 

generated in  the  s tep  (S23)  and the  waste  feed ing  rate ,  a t  

l east  one se lected f rom the  group cons is t ing  o f  the  15 

fo l lowing (1 )  to  (5 )  i s  carr i ed  out :  (1 )  contro l  o f  

introduct ion o f  the  waste  into  the  hopper ;  (2 )  contro l  o f  

the  waste  feed ing rate ;  (3 )  contro l  o f  a  t ransfe r  speed o f  

the  waste  in  the  inc inerator ;  (4 )  contro l  o f  combust ion o f  

the  waste  in  the  inc inerator ;  and (5 )  contro l  o f  s t i r r ing  o f  20 

the  waste  in a  p i t .  Wi th th is  p lant  contro l  method,  i t  i s  

poss ib le  to  contr ibute  to  improvement  in  operat ion o f  the 

inc inerat ion p lant .  

[0123]  

 (Occurrence  o f  br idg ing )  25 
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 In  the  hopper ,  br idg ing  may occur .  In  br idg ing ,  the 

waste  in  the  hopper  forms a  br idge  shape in  the  hopper 

and c logs the  hopper .  When br idg ing  occurs ,  the  movement  

amount  o f  the  waste  in  an upper  port ion o f  the  hopper  (a t  

a  pos i t ion at  which br idg ing  occurs  and above  the  pos i t ion )  5 

is  s ign i f i cant ly  reduced or  becomes zero ,  regard less  o f  

propert ies o f  the  waste .  There fore ,  i t  i s  d i f f i cu l t  to  predic t  

the  propert ies  o f  the  waste  f rom images  that  are  captured 

whi le  br idg ing  is  occurr ing .  

[0124]  10 

 There fore ,  the  pred ic t ion dev ices  1  and 1A descr ibed 

in  the  above  embodiments  may be  conf igured to  inc lude a 

br idge  detect ion sect ion that  detects  the  occurrence  o f  

br idg ing ,  and may be  conf igured not  to  pred ic t  the 

propert ies  o f  the  waste  in  a  case  where  the  br idge  detect ion 15 

sect ion detects  the  occurrenc e  o f  br idg ing .  Further ,  the  

pred ic t ion dev ices  1  and 1A may be  conf igured to  ho ld  a 

resul t  o f  pred ic t ion o f  the  propert ies  o f  the  waste  whi le  

br idg ing  is  occurr ing ,  and to  restar t  pred ic t ion o f  the  

propert ies  a f ter  the  br idg ing  is  e l iminated .  20 

[0125]  

 The method o f  detect ing  the  occurrence and 

e l iminat ion o f  br idg ing is  not  part icu lar ly  l imi ted .  For 

example ,  the  occurrence and e l iminat ion o f  br idg ing  may 

be  detected on the  bas is  o f  the  movement  amount  o f  the 25 
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waste ,  which is  indicated by  the movement dat a  generated 

by  the  movement  data  generat ion sect ion 103 .  The p lant  

contro l  dev ice  1B may be  s imi lar ly  conf igured .  That  is ,  the  

p lant  contro l  dev ice  1B may be  conf igured to  detect  the 

occurrence  o f  br idg ing  and to  ho ld  contro l  whi le  br idg ing  5 

is  occurr ing,  and restar t  the  contro l  a f ter  the  br idg ing  has 

been e l iminated .  

[0126]  

 Converse ly ,  i t  i s  a lso poss ib le  to  detect  the  

occurrence  o f  br idg ing  f rom the  pred ic t ion resul t  o f  the  10 

propert ies  o f  the  waste ,  by  ut i l i z ing  the  fact  that  the  

occurrence  o f  br idg ing  a f f ects  the  predic t ion resul t  o f  the  

propert ies  o f  the  waste .  For  example ,  in  a  case  where  a 

d i f f erence between a pred ic ted bulk dens i ty  and a  

measured bulk  dens i ty  occurs ,  the  pred ic t ion dev ice  1A 15 

may determine that  br idg ing  occurs .  Further ,  in  a case  

where br idg ing  cont inues for  a long t ime,  a lower  ca lor i f i c  

va lue  is  a lso  in f luenced .  There fore ,  the  pred ic t ion dev ice 

1A may determine that  br idg ing  occurs  in  a  case where  the  

pred ic ted lower  ca lor i f i c  va lue  dev iates  f rom a s t ra ight  l ine 20 

k1 shown in  F ig .  9 .  

[0127]  

 [Var iat ions ]  

 A  subject  that  executes each process descr ibed in  

the  above  embodiments  can be  any subject ,  and is  not  25 
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l imi ted  to  the  examples  descr ibed above .  That  is ,  i t  i s  

poss ib le  to  construct ,  wi th  use  o f  a  p lura l i ty  o f  devices  

which can communicat e wi th  each other ,  a  system hav ing 

the  same funct ions as  each o f  the  pred ic t ion dev ices  1  and 

1A and the  p lant  contro l  dev ice  1B.  For  example ,  i t  i s  5 

poss ib le  to  have  a  conf igurat ion in  which :  an in format ion 

process ing dev ice  is  caused to carry out  process ing  in  S1 

to  S3 in  F ig .  6 ;  the  movement  data  generated is  

t ransmit ted  to another  in format ion process ing  dev ice ;  and 

the another  in format ion process ing dev ice  carr ies out  10 

process ing  in  S4 to  S8.  The same appl ies  to  the  processes  

shown in  F igs .  9  and 12.  

[0128]  

 [So f tware  Implementat ion Example ]  

 Funct ions  o f  the  pred ic t ion dev ices  1  and 1A and the 15 

p lant  contro l  dev ice  1B (here inaf ter ,  re ferred to  as 

"dev ice" )  can be  rea l i zed  by  a  program (pred ic t ion 

program/contro l  program) for  caus ing  a computer  to  

funct ion as  the  dev ice ,  the  program causing  the  computer 

to  funct ion as  contro l  b locks  ( in part icular ,  sect ions 20 

prov ided in  the  contro l  sect ion 10)  o f  the  dev ice .  

[0129]  

 In  th is  case ,  the  dev ice  inc lu des ,  as  hardware  for  

execut ing  the  above  program,  a  computer  that  has  at  l east  

one contro l  dev ice  ( e .g . ,  processor )  and at  least  one s torage  25 
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dev ice  ( e .g . ,  memory ) .  The forego ing  funct ions descr ibed in  

the  above  embodiments  are  rea l i zed by  execut ing  the  

program by the  contro l  dev ice  and the  s torage  dev ice .  

[0130]  

 The program can be  s tored in  one or  more  non -5 

t rans i tory  computer-readable  s torage  medium.  The s torage  

medium may or  may not  be  prov ided in  the  dev ice .  In  the 

la t ter  case ,  the  program may be  made av a i lab le  to  the 

dev ice  v ia  any wired or  wire less  t ransmiss ion medium.  

[0131]  10 

 Further ,  some or  a l l  o f  funct ions o f  the contro l  

b locks  can be rea l i zed by a  log ic  c i rcui t .  For  example ,  an 

embodiment  o f  the  present invent ion encompasses ,  in i ts  

scope,  an integ rated c i rcui t  in  which a  log ic  c i rcui t  that  

funct ions  as  the  forego ing  contro l  b locks  is  formed .  In  15 

addi t ion,  i t  i s  poss ib le  to  rea l i ze  the funct ions  o f  the  

b locks  by ,  for  example ,  a  quantum computer .  

[0132]  

 The present  invent ion is  not  l imi ted to  the 

embodiments ,  but  can be  var ious ly  a l tered by  a  sk i l l ed  20 

person in  the ar t  wi th in  the scope o f  the c la ims .  The  

present  invent ion a lso  encompasses ,  in  i ts  technica l  scope ,  

any embodiment der ived by combining technica l  means  

d isc losed in  d i f f er ing  embodiments .  

 25 
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Reference  S igns  L is t  

[0133]  

1  pred ic t ion dev ice  

103 movement  data  generat ion sect ion  

104 standard movement  amount  ca lculat ion sect ion  5 

105 property  pred ic t ion sect ion (pred ic t ion sect ion )  

1A pred ic t ion dev ice  

103 movement  data  generat ion sect ion  

105A bulk  dens i ty  pred ic t ion sect ion (pred ic t ion sect ion )  

1B p lant  contro l  dev ice  10 

103 movement  data  generat ion sect ion  

107 equipment  contro l  sect ion  
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Cla ims 

 [C la im 1 ]  

 A  pred ic t ion dev ice  compr is ing :  

 a  movement  data  generat ion sect ion conf igured to  

generate  movement  data  f rom a p lura l i ty  o f  t ime-ser ies 5 

images  each obta ined by  captur ing ,  f rom above ,  an image 

o f  a  hopper  in an inc inerat ion p lant  where  an inc inerat ion 

target  ob ject  introduced into  the  hopper  is  f ed  to  an 

inc inerator  at  a  spec i f i ed  rate ,  the  movement  data  

ind icat ing  a  movement  s tate  o f  the  inc inerat ion target  10 

ob ject ;  and 

 a  pred ic t ion sect ion conf igured to  pred ic t  propert ies  

o f  the  inc inerat ion target  ob ject  to  be  inc inerated,  on the  

bas is  o f  the  rate  and the movement  data  generated by  the  

movement  data  generat ion sect ion .  15 

 

 [C la im 2 ]  

 The  pred ic t ion dev ice  accord ing  to  c la im 1,  where in :  

 the  movement  data  indicates  a  movement  amount  o f  

the  inc inerat ion target  ob ject ;  and 20 

 the  predic t ion sect ion ca lculates ,  as  a  pred ic t ion 

resul t ,  a  d i f f erence  between (a )  the  movement  amount 

which is  indicated by  the  movement  data  generated by  the  

movement  data  generat ion sect ion and (b )  a  s tandard 

movement  amount  o f  the  inc inerat ion target  ob ject  a t  the  25 
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t ime when the  inc inerat ion target  ob ject  i s  fed  to  the 

inc inerator  at  the  rate .  

 

 [C la im 3 ]  

 The predic t ion dev ice  accord ing to c la im 2,  fur ther 5 

compr is ing  

 a  s tandard movement  amount ca lculat ion sect ion 

conf igured to  ca lculate  the  s tandard movement  amount ,  

wi th  use  o f  a  mathemat ica l  express ion indicat ing  a  

re la t ion between (a )  the  rate  at  which the  inc inerat ion 10 

target  ob ject  i s  fed  to the  inc inerator  and (b )  the s tandard 

movement  amount  o f  the  inc inerat ion target  ob ject  a t  the  

t ime when the  inc inerat ion target  ob ject  i s  fed  to  the 

inc inerator  at  the  rate .  

 15 

 [C la im 4 ]  

 The  pred ic t ion dev ice  accord ing  to  c la im 1,  where in :  

 the  movement  data  indicates  a  movement  amount  o f  

the  inc inerat ion target  ob ject ;  and 

 the  predic t ion sect ion ca lculates ,  as  a  pred ic t ion 20 

resul t ,  a  bulk  dens i ty  by  a  mathemat ica l  express ion 

indicat ing  a  re la t ion o f  (a )  the  movement  amount  which is  

ind icated by  the  movement  data  generated by  the  

movement  data  generat ion sect ion,  (b )  the  rate  at  which 
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the  inc inerat ion target  ob ject  i s  fed  to  the  inc inerator ,  and 

(c )  the  bulk  dens i ty  o f  the  inc inerat ion target  ob ject .  

 

 [C la im 5 ]  

 The  pred ic t ion dev ice  accord ing  to  c la im 1,  where in :  5 

 the  movement  data  indicates  a  movement  amount  o f  

the  inc inerat ion target  ob ject ;  and 

 the  predic t ion sect ion ca lculates ,  as  a  pred ic t ion 

resul t ,  a  lower  ca lor i f i c  value  by  a  mathemat ica l  

express ion indicat ing  a re la t ion o f  (a )  the  movement 10 

amount  which is  indicated by  the  movement data  generated 

by  the  movement  data  generat ion sect ion,  (b )  the  rate  at  

which the inc inerat ion target  ob ject  i s  fed  to the  

inc inerator ,  and (c )  the  lower ca lor i f i c  va lue  at  the  t ime 

when the  inc inerat ion target  ob ject  i s  inc inerated .  15 

 

 [C la im 6 ]  

 A  p lant  contro l  dev ice  compr is ing :  

 a  movement  data  generat ion sect io n conf igured to  

generate  movement  data  f rom a p lura l i ty  o f  t ime-ser ies 20 

images  each obta ined by  captur ing ,  f rom above ,  an image 

o f  a  hopper  in an inc inerat ion p lant  where  an inc inerat ion 

target  ob ject  introduced into  the  hopper  is  f ed  to  an 

inc inerator  at  a  spec i f i ed  rate ,  the  movement  data  
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ind icat ing  a  movement  s tate  o f  the  inc inerat ion target  

ob ject ;  and 

 an equipment  contro l  sect ion conf igured to  carry  out 

contro l  on the  bas is  o f  the  rate  and the  movement  data  

generated by  the  movement  data  generat ion sec t ion,  the 5 

contro l  be ing  at  least  one se lected f rom the group 

cons is t ing  o f  (1 )  contro l  o f  introduct ion o f  the  inc inerat ion 

target  ob ject  into  the  hopper ;  (2 )  contro l  o f  the  rate ;  (3 )  

contro l  o f  a  t ransfer  speed o f  the  inc inerat ion target  ob ject  

in  the inc inerator ;  (4 )  contro l  o f  combust ion o f  the  10 

inc inerat ion target  ob ject  in  the  inc inerator ;  and (5 )  

contro l  o f  s t i r r ing  o f  the  inc inerat ion target  ob ject .  

 

 [C la im 7 ]  

 A  method for  pred ic t ing propert ies  o f  an inc inerat ion 15 

target  ob ject ,  the  method be ing  execu ted by  one  or  more  

in format ion process ing  dev ices ,  the  method compr is ing  the  

s teps  o f :  

 generat ing  movement  data  f rom a p lura l i ty  o f  t ime-

ser ies images  each obta ined by captur ing ,  f rom above ,  an 20 

image o f  a  hopper  in  an inc inerat ion p lant  where  the  

inc inerat ion target  ob ject  introduced into  the hopper is  fed  

to  an inc inerator  at  a  spec i f i ed  rate ,  the  movement  data  

ind icat ing  a  movement  s tate  o f  the  inc inerat ion target  

ob ject ;  and 25 
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 pred ic t ing  the  propert ies  o f  the  inc inerat ion target  

ob ject  to  be inc inerated,  on the bas is  o f  the rate  and the  

movement  data  generated in  the  s tep o f  generat ing  the 

movement  data .  

 5 

 [C la im 8 ]  

 A  method for  contro l l ing  a  p lant ,  the  method be ing 

executed by  one  or  more  in format ion process ing  dev ices ,  

the  method compr is ing  the  s teps  o f :  

 generat ing  movement  data  f rom a p lura l i ty  o f  t ime-10 

ser ies images  each obta ined by captur ing ,  f rom above ,  an 

image o f  a  hopper  in  an inc inerat ion p lant  where  an 

inc inerat ion target  ob ject  introduced into  the hopper is  fed  

to  an inc inerator  at  a  spec i f i ed  rate ,  the  movement  data  

ind icat ing  a  movement  s tate  o f  the  inc inerat ion target  15 

ob ject ;  and 

 carry ing  out  contro l  on the  bas is  o f  the  rate  and the  

movement  data  generated in  the  s tep  o f  generat ing  the 

movement  data ,  the contro l  be ing  at  l east  one  se lected 

f rom the  group cons is t ing  o f  (1 )  contro l  o f  introduct ion o f  20 

the  inc inerat ion target  ob ject  in to  the  hopper ;  (2 )  contro l  

o f  the rate ;  (3 )  contro l  o f  a  t ransfer  speed o f  the  

inc inerat ion target  ob ject  in  the  inc inerator ;  (4 )  contro l  o f  

combust ion o f  the  inc inerat ion target  ob ject  in  the  
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inc inerator ;  and (5 )  contro l  o f  s t i r r ing o f  the inc inerat ion 

target  ob ject .  

 

 [C la im 9 ]  

 A  pred ic t ion program for  caus ing a  computer  to 5 

funct ion as  a  pred ic t ion dev ice  accord ing  to  c la im 1,  the 

pred ic t ion program causing the  computer to  funct ion as  

the  movement  data  generat ion sect ion and the  predic t ion 

sect ion.  

 10 

 [C la im 10]  

 A  contro l  program for  caus ing a  computer  to funct ion 

as  a  p lant  contro l  dev ice  accord ing to  c la im 6,  the  contro l  

program causing  the computer  to  funct ion as the  

movement  data  generat ion sect ion and the  equipment 15 

contro l  sect ion.  


