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0   A  robotic  system  has  a  transfer  bay  (30)  through 
which  objects  may  be  exchanged  with  a  robot.  An 
internal  door  (70)  allows  the  robot  to  access  the 
transfer  bay  and  an  external  door  (50)  allows  access 
to  the  transfer  bay  from  the  exterior  (20).  The  exter- 
nal  door  can  only  be  opened  when  the  internal  door 
is  closed  and  when  the  robot  is  denied  access  to  the 
transfer  bay.  This  means  that  personnel  inputing  or 
outputing  objects  to  the  robotic  system  cannot  come 
into  contact  with  the  robot.  When  the  robotic  system 
is  an  automated  storage  library  the  transfer  bay  may 
comprise  any  number  of  available  storage  shelf  bays 
and  thus  the  size  of  the  transfer  bay  may  be  varied. 

FIG.  1 
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The  present  invention  relates  generally  to  a 
robotic  system.  More  particularly  the  present  inven- 
tion  relates  to  a  method  and  apparatus  for  ex- 
changing  an  object  or  piece  between  a  robot  in  the 
robotic  system  and  the  exterior  of  the  robotic  sys- 
tem. 

Many  robotic  systems  facilitate  the  assembly 
and  manipulation  of  a  variety  of  components  or 
objects.  It  is  necessary  that  such  robots  have  a 
way  of  exchanging  these  objects  with  the  outside 
world  and  have  a  ready  supply  of  components  with 
which  to  operate  when  required  to.  It  is  also  neces- 
sary,  from  a  safety  point  of  view,  that  personnel  are 
not  present  in  the  vicinity  of  a  robot  while  it  is 
operating.  Many  industrial  robots  are  extremely 
heavy  and  are  programmed  to  perform  their  oper- 
ations  regardless  of  any  stray  or  careless  per- 
sonnel  entering  their  environment.  A  problem  exists 
therefore  in  how  to  transfer  components  to  and 
from  a  robot  without  endangering  personnel. 

One  approach  has  been  to  contain  the  robot 
behind  a  locked  screen,  and  having  a  common  key 
for  unlocking  the  screen  and  for  inserting  in  a 
control  panel  before  the  robot  can  be  operated. 
The  robot  can  only  be  operated  if  the  screen  is 
locked  and  the  key  is  inserted.  This  means  that  the 
robot  has  to  be  de-activated  before  the  screen  can 
be  unlocked  and  components  can  be  supplied  to  or 
retrieved  from  the  robot  usually  by  personnel  enter- 
ing  the  robot's  operating  area. 

A  disadvantage  of  this  system  is  that  the  robot 
must  be  stopped  each  time  it  is  to  be  supplied  with 
components  or  components  are  to  be  retrieved. 
This  is  contrary  to  to  the  purpose  of  many  robots 
which  is  to  provide  continuous  manufacture  or  oth- 
er  such  service. 

Another  approach  has  been  to  supply  a  robot 
with  components  by  means  of  a  conveyor  belt  or 
other  equivalent  transport  mechanism  which  be- 
comes  inaccessible  to  personnel  when  it  enters  the 
robot's  operating  area.  This  approach  is  particularly 
suitable  for  a  robot  carrying  out  a  repetitive  task 
and  requiring  a  constant  supply  of  components. 
Manipulated  components  are  retrieved  from  the 
robot  by  means  of  an  output  conveyor  belt.  Such 
systems  are  not  suited  to  many  situations  in  view 
of  their  size,  complexity  and  the  nature  of  the  task 
being  performed. 

However,  not  all  robot  systems  require  a  con- 
stant  stream  of  supplies,  some  systems  operate  in 
a  manner  in  which  they  are  only  supplied  or  re- 
lieved  of  a  component  or  a  batch  of  components  at 
irregular  time  intervals.  One  such  system  is  an 
automated  storage  library  in  which  data  storage 
media  are  transported  between  storage  shelves 
and  read/write  devices  by  a  robot.  An  automated 
storage  library  is  usually  a  memory  subsystem  of  a 
larger  data  processing  system.  When  data  is  re- 

quired  by  the  data  processing  system  the  robot  is 
instructed  to  retrieve  a  data  storage  medium,  which 
may  be  a  tape  cartridge,  and  load  it  into  a 
read/write  device  so  that  the  data  may  be  accessed 

5  by  the  data  processing  system. 
In  an  automated  storage  library  there  exists  a 

problem  of  how  to  introduce  or  retrieve  data  stor- 
age  media  from  the  library  without  having  to  stop 
the  operation  of  the  robot,  since  this  would  impede 

io  the  operation  of  the  associated  data  processing 
system.  It  is  necessary  that  any  personnel  trans- 
porting  data  storage  media  to  the  library  cannot 
come  into  contact  with  the  moving  robot. 

US-A-4,864,51  1  describes  an  automated  stor- 
75  age  library  enclosed  within  a  circular  shelving  ar- 

rangement.  A  section  of  the  shelves  hinges  out- 
wards  to  expose  storage  racks  to  the  exterior.  As 
the  shelf  swings  outwards  an  articulated  wall  por- 
tion  blocks  the  arc  vacated  by  the  hinged  shelf. 

20  This  allows  data  storage  media  to  be  placed  in  or 
retrieved  from  the  library  while  allowing  the  robot  to 
continue  its  operations,  partitioned  from  personnel. 

A  disadvantage  of  this  configuration  is  that  it  is 
mechanically  complex.  Also,  the  swinging  shelf 

25  makes  it  prone  to  errors  such  as  the  door  move- 
ment  dislodging  the  data  storage  media  and  distor- 
tion  of  the  hinge  mechanism  causing  misalignment. 
Compensatory  measures  such  as  shock  absorbers 
for  preventing  the  door  from  being  slammed  shut 

30  and  thus  dislodging  media  from  the  shelves  and 
means  for  supporting  the  shelves  to  try  and  pre- 
vent  distortion  of  the  hinge  and  misalignment  of  the 
shelves  can  reduce  but  not  eliminate  such  prob- 
lems. 

35  Viewed  from  one  aspect  the  present  invention 
provides  a  robotic  system  having  a  transfer  bay 
through  which  a  piece  may  be  exchanged  between 
a  robot  in  said  robotic  system  and  the  exterior, 
comprising:  an  internal  door  through  which  said 

40  robot  may  access  said  transfer  bay;  an  external 
door  through  which  said  transfer  bay  may  be  ac- 
cessed  from  the  exterior;  means  for  controlling  said 
doors  such  that  said  external  door  may  only  be 
open  when  said  internal  door  is  closed;  and  means 

45  for  instructing  said  robot  not  to  access  said  transfer 
bay  when  said  internal  door  is  closed. 

This  arrangement  does  not  utilise  a  swinging 
shelf  and  therefore  more  accurate  retrieval  of  parts 
by  the  robot  can  take  place  because  there  is  less 

50  chance  of  misalignment  or  accidental  dislodging  of 
the  pieces. 

The  transfer  bay  may  comprise  a  raised  plat- 
form  or  the  floor  or  any  other  means  for  supporting 
a  component.  However  in  preferred  embodiments 

55  the  transfer  bay  includes  shelves  with  open-ended 
storage  cells  within  which  a  piece  may  be  placed 
and  accessed  in  a  first  direction  by  a  robot  and  in 
a  second  direction  from  the  exterior.  This  provides 

2 
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advantageous  increase  in  the  transfer  capacity  and 
positive  location  for  the  pieces. 

Preferably  the  transfer  bay  has  a  designated 
input  area  and  a  designated  output  area.  This  re- 
duces  the  likelihood  of  an  operator  retrieving  the 
wrong  piece  from  the  transfer  bay. 

In  order  that  the  invention  will  be  fully  under- 
stood  preferred  embodiments  thereof  will  now  be 
described,  by  way  of  example  only,  with  reference 
to  the  accompanying  diagrams  in  which: 

Figure  1  shows  a  sectional  view  of  the  transfer 
bay  of  a  robotic  system;  and 
Figure  2  shows  a  flow  diagram  illustrating  the 
steps  undertaken  in  order  for  external  access  to 
be  given  to  the  transfer  bay. 
The  invention  finds  particular,  but  not  exclu- 

sive,  application  to  an  automated  storage  library 
and  will  thus  be  described  as  embodied  as  such. 

Area  10  of  the  diagram  refers  to  the  operating 
area  or  domain  of  a  robot  or  picker  device  inside 
the  automated  storage  library.  Area  20  refers  to  the 
exterior  of  the  automated  storage  library.  The  trans- 
fer  bay  through  which  components  or  pieces  or,  in 
this  embodiment,  data  storage  cartridges  are  ex- 
changed  is  shown  by  30.  The  transfer  area  30 
comprises  a  set  of  shelves  40  similar  to  other 
shelves  in  the  automated  storage  library  on  which 
the  data  cartridges  are  retained.  However  the 
shelves  40  are  characterised  in  that  they  have 
open-ended  storage  cells  allowing  access  from 
more  than  one  side.  In  other  embodiments  the 
transfer  bay  may  comprise  a  raised  platform  or  just 
the  floor  or  any  other  means  for  supporting  a 
component. 

An  external  door  50  allows  access  to  the  trans- 
fer  bay  from  the  exterior.  A  safety  door  latch  6 
controls  the  opening  and  closing  of  the  external 
door.  The  door  50  is  latched  in  the  locked  position 
unless  a  predetermined  routine  is  undertaken.  (The 
predetermined  routine  will  be  described  below). 

The  robotic  picker  device  accesses  the  shelves 
40  through  an  internal  door  70.  The  door  70  is  a 
roller  shutter  type  door  which  is  conveniently 
stored  on  roller  80  when  in  the  open  position, 
thereby  not  obstructing  the  robot  and  not  impeding 
premium  space  within  the  automated  storage  li- 
brary.  Located  on  the  internal  door  near  the  floor 
edge  is  a  knock  off  bar.  This  cooperates  with  a  top 
limit  switch  100  and  a  bottom  limit  switch  110,  both 
of  which  are  connected  to  the  operating  system 
software  which  manages  the  transfer  of  data  car- 
tridges  within  the  library.  The  limit  switches  are 
used  to  determine  whether  the  internal  door  is  in 
the  open  or  closed  position. 

The  process  for  introducing  a  data  cartridge 
into  the  automated  storage  library  will  now  be  de- 
scribed  with  reference  to  Figure  2.  Firstly,  an  oper- 
ator  indicates  at  200  to  the  library  control  software 

that  he  wants  to  access  the  transfer  bay.  This  may 
be  done  by  pressing  a  button  (not  shown)  adjacent 
to  the  exterior  door  or  by  entering  a  command  via 
a  keyboard  (not  shown)  directly  to  the  control  soft- 

5  ware.  A  check  is  then  made  at  step  205  as  to 
whether  the  internal  door  is  closed.  If  the  internal 
door  is  not  detected  to  be  closed  a  check  is  made 
at  210  as  to  whether  the  robot  is  operating  in  the 
transfer  bay.  If  the  robot  is  operating  in  this  area 

io  then  a  predetermined  time  interval  is  allowed  to 
lapse  215  and  step  210  is  repeated.  Steps  210  and 
215  are  repeated  until  the  robot  is  no  longer  op- 
erating  in  the  transfer  bay.  The  robot  is  instructed 
at  step  220  not  to  operate  in  the  transfer  area.  The 

is  internal  door  is  then  closed  at  step  225.  A  pre- 
determined  time  interval  226,  which  relates  to  the 
time  taken  for  the  internal  door  to  close,  is  then 
allowed  to  lapse.  As  a  safety  precaution,  a  check  is 
made  at  step  230  to  make  sure  that  the  internal 

20  door  is  closed.  If  the  internal  door  is  not  detected 
to  be  closed  then  an  error  signal  231  is  issued  to 
indicate  that  manual  intervention  may  be  required. 
If  the  internal  door  is  detected  to  be  closed,  the 
external  door  is  unlocked  at  step  240  thereby  al- 

25  lowing  safe  external  access  to  the  transfer  bay 
without  the  hazard  of  an  operator  coming  into  con- 
tact  with  the  robot.  As  a  further  safety  measure  the 
external  door  preferably  locks  as  soon  as  it  is 
closed.  This  means  that  the  checks  in  figure  2  are 

30  repeated  before  the  external  doors  can  be  un- 
locked.  If  no  subsequent  action  has  been  taken 
between  the  external  doors  locking  and  a  further 
request  for  external  access  to  the  transfer  bay,  the 
internal  door  will  still  be  closed  at  step  205  and  the 

35  external  door  will  be  unlocked  at  step  240. 
When  external  access  is  no  longer  required 

and  to  enable  the  robot  to  retrieve  any  data  car- 
tridges  left  for  it  in  the  transfer  area  it  is  necessary 
for  the  operator  to  indicate  this  to  the  control  soft- 

40  ware.  This  may  be  done  by  means  of  a  button  or 
via  a  keyboard.  A  check  is  then  made  to  make  sure 
that  the  external  door  is  locked  in  the  closed  posi- 
tion.  The  internal  door  is  the  opened  and  the  robot 
is  instructed  that  it  may  again  access  the  transfer 

45  bay. 
In  the  automated  storage  library  described,  the 

transfer  bay  may  comprise  any  number  of  available 
storage  shelf  bays  and  thus  the  input  and/or  output 
areas  may  be  chosen  accordingly. 

50 
Claims 

1.  A  robotic  system  having  a  transfer  bay  through 
which  a  piece  may  be  exchanged  between  a 

55  robot  in  said  robotic  system  and  the  exterior 
comprising  : 

an  internal  door  through  which  said  robot  may 

3 
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access  said  transfer  bay;  piece  to  be  removed  to  the  exterior  from  said 
transfer  bay. 

an  external  door  through  which  said  transfer 
bay  may  be  accessed  from  the  exterior; 

5 
means  for  controlling  said  doors  such  that  said 
external  door  may  only  be  open  when  said 
internal  door  is  closed;  and 

means  for  instructing  said  robot  not  to  access  10 
said  transfer  bay  when  said  internal  door  is 
closed. 

2.  A  robotic  system  as  claimed  in  Claim  1 
wherein  said  transfer  bay  includes  a  plurality  of  is 
open-ended  storage  cells  within  which  a  piece 
may  be  placed  and  accessed  in  a  first  direc- 
tion  by  said  robot  and  in  a  second  direction 
from  said  exterior. 

20 
3.  A  robotic  system  as  claimed  in  any  of  Claims 

1  or  2  further  comprising  means  for  instructing 
said  robot  not  to  access  said  transfer  bay 
when  said  internal  door  is  closed. 

25 
4.  A  robotic  system  as  claimed  in  any  of  the 

preceding  Claims  wherein  said  transfer  bay 
has  a  designated  input  area  and  a  designated 
output  area. 

30 
5.  A  robotic  system  as  claimed  in  any  of  the 

preceding  Claims  wherein  said  robotic  system 
is  an  automated  storage  library  and  said  piece 
is  a  data  storage  medium. 

35 
6.  A  robotic  system  as  claimed  in  Claim  5 

wherein  said  transfer  bay  may  be  used  for 
permanent  storage  of  said  data  storage  me- 
dium. 

40 
7.  A  method  for  exchanging  a  piece  between  a 

robotic  system  and  the  exterior  comprising  the 
steps  of: 

signalling  to  a  robot  system  that  a  piece  is  to  45 
be  transferred; 

instructing  a  robot  in  said  robotic  system  that  it 
cannot  operate  in  a  transfer  bay; 

50 
closing  an  internal  door  through  which  said 
robotic  system  may  access  said  transfer  bay; 

unlocking  an  external  door  through  which  said 
transfer  bay  may  be  accessed  from  the  ex-  55 
terior  when  said  internal  door  is  closed  thereby 
allowing  a  piece  to  be  placed  in  said  transfer 
bay  for  retrieval  by  said  robotic  system  or  a 

4 
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