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@)  Marking  apparatus  with  multiple  marking  modes. 

CM 
<  
CM 
o> 
O  

(57)  Marking  apparatus  and  method  is  described 
wherein  an  array  (30)  of  marker  pins  are  carried 
by  translational  assembly  (56)  which,  in  turn,  is 
driven  from  stepper  motors  (90,140)  which  per- 
form  in  conjunction  with  high  helix  lead  angle 
lead  screws  (24,25).  Solenoid  actuated  pneuma- 
tic  valves  are  employed  to  actuate  the  marker 
pins  within  an  array  thereof  and  the  entire 
assemblage  of  motors,  valves,  translational 
mechanism,  and  control  features  are  retained 
within  a  compact  housing  structure.  The  con- 
trol  system  and  associated  translational 
mechanism  is  capable  of  driving  the  marker 
head  assembly  (26)  in  matrix,  raster,  and  con- 
tinuous  modes  of  operation.  Speed  of  marking 
is  enhanced  through  the  employment  of  a 
masking  procedure  wherein  the  translational 
mechanism  drives  the  marker  head  assembly 
only  to  locations  where  active  character  form- 
ing  pixels  are  present. 
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Background 

As  industry  has  continued  to  refine  and  improve 
production  techniques  and  procedures,  correspond- 
ing  requirements  have  been  levied  for  placing  identi- 
fying,  data  related  markings  upon  components  of 
manufactured  assemblies.  With  such  marking,  the 
history  of  a  product  may  be  traced  throughout  the  sta- 
ges  of  its  manufacture  and  components  of  complex 
machinery  such  as  automobiles  and  the  like  may  be 
identified,  for  example,  in  the  course  of  theft  investi- 
gation. 

A  variety  of  product  marking  approaches  have 
been  employed  in  the  industry.  For  example,  paper 
tags  or  labels  carrying  bar  codes  may  be  applied  to 
components  in  the  course  of  their  assembly.  For 
many  applications,  such  tags  or  labels  will  be  lost  or 
destroyed.  Ink  or  paint  spraying  of  codes  such  as  dot 
matrix  codes  have  been  employed  for  many  manufac- 
turing  processes.  Where  the  production  environment 
is  too  rigorous,  however,  or  subsequent  painting  steps 
are  involved,  such  an  approach  would  be  found  to  be 
unacceptable. 

The  provision  of  a  permanent  or  traceable  mark- 
ing  upon  hard  surfaces  such  as  metal  traditionally  has 
been  achieved  with  marking  punches  utilizing  dies 
which  carry  a  collection  of  fully  formed  characters. 
These  "full  face  dies"  may  be  positioned  in  a  wheel  or 
ball  form  of  die  carrier  which  is  manipulated  to  define 
a  necessarily  short  message  as  it  is  dynamically 
struck  into  the  material  to  be  marked.  As  is  apparent, 
the  necessarily  complex  materials  involved  are  prone 
to  failure  and  full  face  dies  exhibit  rapid  wear.  Gener- 
ally,  the  legibility  and  abrasion  resistance  of  the  resul- 
tant  marks  can  be  considered  to  be  only  fair  in  quality. 
Additionally,  the  marking  punch  approach  is  consid- 
ered  a  poor  performer  in  marking  such  surfaces  as 
epoxy  coatings  and  the  like. 

Laser  activated  marking  systems  have  been  em- 
ployed.  However,  such  systems  are  of  relatively  high- 
er  cost  and  the  abrasion  resistance  and  "readability 
after  painting"  characteristics  of  laser  formed  charac- 
ters  are  considered  somewhat  poor. 

In  1985,  U.S.  Pat.  No.  4,506,999  by  Robertson, 
entitled  "Program  Controlled  Pin  Matrix  Embossing 
Apparatus"  described  and  claimed  a  computer  driven 
dot  matrix  marking  technique  which  had  been  suc- 
cessfully  introduced  into  the  marketplace.  This  mark- 
ing  approach  employs  a  series  of  tool  steel  punches 
which  are  uniquely  driven  using  a  pneumatic  floating 
pin  impact  concept  to  generate  man  readable  and/or 
machine  readable  dot  characters  or  codes.  Marketed 
under  the  trade  designation  "PINSTAMP",  these  de- 
vices  carry  the  noted  steel  punches  or  "pins"  in  a 
head  assembly  which  is  moved  relative  to  the  work- 
piece  being  marked  in  selected  skew  angles  to  indent 
a  dot  or  pixel  defining  permanent  message  or  code 
into  a  surface.  The  approach  enjoys  the  advantage  of 

providing  characters  of  good  legibility  as  well  as  per- 
manence.  Additionally,  a  capability  for  forming  the 
messages  or  codes  during  forward  or  reverse  head 
movements  is  realized.  This  approach  permits  mark- 

5  ing  upon  such  surfaces  as  epoxy  coatings.  Use  of  the 
basic  dot  matrix  character  stamping  device  is  limited, 
however,  to  piece  parts  which  are  both  accessible 
and  of  adequate  size. 

Robertson,  etal.,  in  U.S.  Pat.  No.  4,808,018,  en- 
10  titled  "Marking  Apparatus  with  Matrix  Defining  Locus 

of  Movement",  issued  February  28,  1989,  describes 
a  dot  matrix  character  impact  marking  apparatus 
which  is  capable  of  forming  messages  or  arrays  of 
characters  within  a  very  confined  region.  With  this 

15  device,  a  linear  array  of  marker  pins  is  moved  by  a 
carriage  in  a  manner  defining  an  undulating  locus  of 
movement.  This  locus  traces  the  matrix  within  which 
character  fonts  are  formed  by  the  marker  pin.  The 
carriage  and  head  containing  the  marker  pin  are  piv- 

20  otally  driven  by  a  cam  to  provide  vertical  movement 
and  by  a  Geneva  mechanism  to  provide  horizontal 
movement.  Pixel  positions  for  the  matrices  are  phys- 
ically  established  in  concert  with  pin  or  carriage  loca- 
tions  by  a  timing  disk  and  control  over  the  pins  is  gen- 

25  erated  in  conjunction  with  an  interrupt/processor  ap- 
proach.  Each  marking  pin  within  the  head  assembly 
of  this  portable  device  is  capable  of  marking  more 
than  one  complete  character  for  a  given  traverse  of 
the  head  between  its  limits  of  moment. 

30  Robertson,  etal.,  in  U.S.  Pat.  No.  5,015,106,  is- 
sued  May  14,  1991,  and  entitled  "Marking  Apparatus 
with  Multiple  Line  Capability"  describes  a  dot  matrix 
character  impact  marking  apparatus  which  achieves 
a  multiple  line  capability  wherein  a  carriage  compo- 

35  nent  carrying  one  or  more  marker  pin  cartridges 
moves  within  a  singular  plane  locus  of  movement. 
This  multiple  line  capability  advantageously  has  per- 
mitted  a  broad  variety  of  line  configurations,  for  exam- 
ple  in  widely  spaced  positions  at  a  workpiece.  The  de- 

40  vice  further  employed  a  retrace  method  in  generating 
a  locus  of  marking  movement  somewhat  similar  to  the 
formation  of  a  raster  in  conjunction  with  television 
systems.  A  modular  approach  for  the  device  was  pro- 
vided  utilizing  a  forward  housing  carrying  the  locus 

45  defining  component  of  the  device  which  was  then  ac- 
tuated  from  a  rearwardly  disposed  motor  containing 
housing  component  which  served  to  drive  cam  as- 
semblies  at  the  forward  portion.  The  carriage  compo- 
nent  of  the  device  carried  a  manifold  which,  in  turn, 

so  carried  one  or  more  marker  pin  cartridges,  the  pins 
of  which  were  driven  from  an  externally  disposed 
valved  and  pressurized  air  supply.  As  before,  the  de- 
vice  performed  in  conjunction  with  a  predetermined 
character  defining  matrix  of  pixel  positions,  each  pos- 

55  ition  of  the  matrix  being  identified  to  the  system  by  a 
timing  disk  physically  maneuvered  with  the  drive 
components. 

The  success  of  the  above  products  has  led  to  fur- 
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ther  calls  on  the  part  of  industry  for  even  more  com- 
pact  marking  systems  of  lower  weight  and  higher 
rates  of  marking  speed.  Further,  interest  has  devel- 
oped  in  providing  a  broad  range  of  marking  capabili- 
ties  for  the  type  devices  at  hand.  In  this  regard,  it  has 
been  deemed  desirable  to  achieve  a  matrix  form  of 
character  marking  utilizing  a  single  plane  undulatory 
motion  of  the  pin  cartridge  carrying  carriage,  as  well 
as  providing  a  capability  for  the  above-described  ras- 
ter  form  of  locus  of  movement.  This  flexibility  should 
be  achievable  through  the  utilization  of  software 
changes  as  opposed  to  the  insertion  of  hardware-ba- 
sed  timing  components  and  the  like.  Further,  it  is  de- 
sirable  that  the  instruments  providing  for  such  mark- 
ing  be  both  alterable  and  repairable  by  field  based 
personnel.  A  still  further  call  has  been  made  on  the 
part  of  industry  for  such  devices  to  retain  the  capabil- 
ity  for  full  form  character  formation.  This  requires  the 
actuation  of  the  marker  pins  in  a  manner  wherein  dis- 
crete  dots  or  pixels  are  not  observable,  the  indenta- 
tions  formed  by  these  pins  being  so  closely  nested  as 
to  evoke  the  image  of  a  continuous  line  forming  each 
character.  As  is  apparent,  A  need  has  existed  for 
marker  pin  based  systems  exhibiting  enhanced  levels 
of  marking  flexibility  and  compactness. 

Summary 

The  present  invention  is  addressed  to  a  marking 
method  and  apparatus  of  a  variety  employing  an  ar- 
ray  of  marker  pins  which  exhibits  a  flexibility  in  pro- 
viding  multiple  modes  of  marking  operation,  including 
matrix,  raster,  and  continuous  modes,  while  achieving 
a  highly  desirable  compact  configuration.  Of  these 
marking  modes,  the  matrix-  and  raster  modes  are 
carried  out  under  a  control  procedure  wherein  strings 
of  matrix  defined  characters  are  formed  within  signif- 
icantly  improved  marking  intervals.  The  mechanical 
performance  of  the  apparatus  is  enhanced  through 
the  utilization  of  high  helix  angle  lead  screw  drives  in 
conjunction  with  the  translational  mechanism  carry- 
ing  and  maneuvering  a  marker  head  assembly.  As  a 
consequence,  the  mechanism  is  able  to  accommo- 
date  signal  drive  input  derived  at  higher  sequential 
rates.  Configuration  compactness  is  achieved  even 
though  pneumatic  control  components  have  been 
mounted  with  a  translational  mechanism  and  its  asso- 
ciated  motor  drives  within  a  singular  apparatus.  Mark- 
ing  efficiency  further  has  been  enhanced  through  de- 
velopment  of  a  capability  for  "splicing"  the  assigned 
marking  duties  of  adjacent  marking  pins  within  a 
marker  pin  array  such  that  they  share  the  pixel  for- 
mation  of  a  single  character  within  a  character  string. 

Marking  interval  time  for  a  given  field  or  character 
string  is  improved  through  the  implementation  of  a 
control  feature  wherein,  for  either  the  raster  or  matrix 
marking  modes,  the  marker  head  assembly  moves 
only  to  locations  where  a  marker  pin  is  positioned  at 

an  active,  character  forming  pixel.  To  achieve  en- 
hanced  stability  during  these  latter  modes  of  opera- 
tion,  a  control  feature  is  provided  wherein  the  simul- 
taneous  actuation  of  two  or  more  marker  pins  is 

5  avoided.  This  serves  to,  in  turn,  avoid  the  destabiliz- 
ing  dynamic  effects  of  multiple  simultaneous  marker 
pin  actuation. 

As  another  feature,  the  invention  provides  appa- 
ratus  for  marking  objects  at  a  surface  thereof  with  a 

10  sequence  of  characters  formed  by  indentation  in  re- 
sponse  to  data  inputs.  The  apparatus  comprising  a 
housing  having  forward  and  rearward  portions.  A 
translation  mechanism  is  mounted  at  the  housing  for- 
ward  portion  having  a  carriage  component  which  is 

15  movable  in  vertical  and  transverse  direction  in  re- 
sponse,  respectively,  to  a  rotational  vertical  drive  in- 
put  and  a  rotational  transverse  drive  input.  A  marker 
head  assembly  is  connectable  with  the  carriage  com- 
ponent  and  has  a  confronting  portion  which  is  posi- 

20  tionable  in  spaced  adjacency  with  the  surface  and  in- 
cludes  at  least  two  marker  pins,  each  having  an  im- 
pact  tip  drivably  movable  into  the  surface  in  response 
to  pneumatic  control  inputs.  A  first  motor  is  mounted 
within  the  housing  rearward  portion  is  responsive  to 

25  a  first  control  input  to  provide  a  transverse  drive  out- 
put.  A  first  transmission  arrangement  is  connected  in 
driven  relationship  with  the  transverse  drive  output 
and  in  drive  relationship  with  the  rotational  transverse 
drive  input  for  effecting  the  transverse  directional 

30  movement  of  the  carriage  component.  A  second  mo- 
tor  is  mounted  within  the  housing  rearward  portion 
which  is  responsive  to  a  second  control  input  to  pro- 
vide  a  vertical  drive  output  and  a  second  transmission 
arrangement  is  connected  in  driven  relationship  with 

35  this  vertical  drive  output  and  in  drive  relationship  with 
the  rotational  vertical  drive  inputfor  effecting  the  vert- 
ical  directional  moment  of  the  carriage  component.  A 
control  arrangement  is  responsive  to  the  data  inputs 
for  deriving  the  first  control  input,  the  second  control 

40  input,  and  for  effecting  generation  of  the  pneumatic 
control  inputs  to  effect  derivation  of  the  characters  at 
the  surface. 

As  another  feature,  apparatus  is  provided  for 
marking  a  surface  in  response  to  data  inputs  with  pix- 

45  el  characters  formed  within  a  matrix  of  rows  and  col- 
umns,  the  columns  being  mutually  spaced  to  define 
a  transverse  pixel-to-pixel  spacing.  The  apparatus 
comprises  a  housing  and  a  translational  mechanism 
is  mounted  upon  the  housing  having  a  positioning 

so  component  movable  in  vertical  and  transverse  direc- 
tions  in  response  to  a  drive  input.  A  marker  head  as- 
sembly  is  provided  which  is  connectable  with  the  pos- 
itioning  component  and  has  a  confronting  portion  pos- 
itionable  in  adjacency  with  the  surface  and  includes 

55  first  and  second  marker  pins  having  a  predetermined 
pin-to-pin  spacing,  each  having  an  impacting  tip  driv- 
ably  movable  into  the  surface  in  response  to  a  pin 
drive  input.  Atranslation  drive  assembly  is  responsive 
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to  position  signals  for  moving  the  positioning  compo- 
nent  to  successive  positions  orienting  the  first  and 
second  marker  pins  at  locations  corresponding  with 
a  pixel.  A  marker  pin  drive  arrangement  responds  to 
pin  actuation  signals  for  providing  the  pin  drive  input 
and  a  control  arrangement  is  responsive  to  the  value 
of  the  pixel-to-pixel  spacing,  and  the  value  of  the  pin- 
to-pin  spacing  to  provide  the  pixel-to-pixel  spacing  as 
an  amount  sufficient  to  constitute  the  quotient  of  the 
value  of  the  pin-to-pin  spacing  divided  by  the  pixel-to- 
pixel  spacing  to  be  substantially  an  integerfor  deriving 
the  pin  actuation  signals  and  the  position  signals  to 
effect  the  formation  of  the  chracters  exhibiting  adjust- 
ed  pixel-to-pixel  spacing. 

As  another  feature,  the  invention  provides  a 
method  for  marking  a  surface  in  response  to  data  in- 
puts  with  pixel-based  characters  formed  within  a  ma- 
trix  of  rows  and  columns  representing  available  pixel 
locations  comprising  the  steps  of: 

providing  a  housing; 
providing  a  translation  mechanism  mounted 

upon  the  housing  having  a  position  component,  the 
translation  mechanism  being  actuable  to  move  the 
positioning  component  in  vertical  and  transverse  di- 
rections  between  corresponding  vertical  end  posi- 
tions  and  transverse  end  positions; 

providing  a  marker  head  assembly  connected 
with  the  translation  mechanism  positioning  compo- 
nent,  having  a  confronting  portion  and  an  array  of  at 
least  two  marker  pins,  mutually  spaced  a  predeter- 
mined  pin-to-pin  distance,  each  movable  within  a 
unique  marking  cell  periphery  defined  by  the  posi- 
tioning  component  transverse  and  vertical  end  posi- 
tions,  each  having  a  compacting  tip  extensible  from 
the  confronting  portion  when  actuated  to  form  inden- 
tations  in  the  surface  at  active  pixel  locations  repre- 
senting  a  component  of  the  characters; 

positioning  the  confronting  portion  in  adjacen- 
cy  with  the  surface; 

determining  a  locus  of  movement  pattern  for 
the  array  of  marker  pins  representing  a  movement  of 
each  marker  pin  to  each  available  pixel  location  of  the 
matrix; 

determining  the  active  pixel  locations  along 
the  locus  of  movement  pattern  with  respect  to  each 
marker  pin; 

actuating  the  translation  mechanism  to  move 
the  positioning  component  in  the  vertical  and  trans- 
verse  directions  to  cause  the  marker  pins  to  move 
along  the  locus  of  movement  pattern,  movement  in 
one  direction  being  limited  to  the  distance  required  to 
move  any  marker  pin  of  the  array  in  the  one  direction 
to  next  encountered  active  pixel;  and 

actuating  the  marker  pin  to  form  an  indentation 
when  the  marker  pin  is  located  at  the  active  pixel  lo- 
cation. 

Still  another  feature  of  the  invention  provides  an 
apparatus  for  marking  objects  at  a  surface  thereof 

with  a  sequence  of  pixel-based  characters,  formed  by 
indentation,  in  response  to  data  inputs.  The  apparatus 
comprises  a  housing  and  a  translation  mechanism 
mounted  within  the  housing  having  a  positioning 

5  component  movable  in  vertical  and  transverse  direc- 
tions  in  response  to  a  drive  input.  A  marker  head  as- 
sembly  is  connectable  with  the  positioning  compo- 
nent,  having  a  confronting  portion  positionable  in  ad- 
jacency  with  the  surface  and  including  an  array  of 

10  marker  pins,  each  having  an  impacting  tip  and  actu- 
able  to  move  into  the  surface  in  response  to  a  pin 
drive  input.  Atranslation  drive  assembly  is  responsive 
to  position  signals  for  moving  the  positioning  compo- 
nent  to  successive  positions  orienting  the  marker  pins 

15  for  forming  the  characters,  and  a  marker  pin  drive  ar- 
rangement  is  responsive  to  pin  actuation  signals  for 
providing  the  pin  drive  input.  Acontrol  arrangement  is 
provided  which  is  responsive  to  the  data  inputs  for 
providing  the  drive  input  to  position  the  array  of  mark- 

20  er  pins  for  the  formation  of  portions  of  the  pixel-based 
characters  at  a  sequence  of  positions,  and  deriving 
the  pin  actuation  signals  for  each  position  in  a  se- 
quence  providing  a  predetermined  time  interval 
therebetween  to  effect  a  timed  succession  of  the  ac- 

25  tuations  of  the  marker  pins. 
Another  feature  of  the  invention  provides  mark- 

ing  apparatus  for  forming  characters  at  the  surface  of 
an  object  by  the  select  application  of  current  from  a 
power  source  to  the  inputs  of  a  sequence  of  inductive 

30  loads  in  response  to  control  inputs.  The  apparatus 
comprises  a  power  application  switch  connectable 
between  the  power  source  and  the  inductive  load  in- 
puts  and  which  is  responsive  to  a  drive  input  to  apply 
power  source  derived  current  to  the  inputs.  A  pulse 

35  drive  circuit  is  provided  which  is  responsive  to  a  pulse 
width  control  input  to  derive  the  drive  input.  Addition- 
ally  provided  is  a  power  selection  switch  arrangement 
which  includes  a  sequence  of  solid-state  selection 
switches,  each  having  a  selection  output  connectable 

40  in  circuit  completing  relationship  with  the  inductive 
load  inputs  and  each  having  a  gate  input  responsive 
to  a  gate  input  signal  to  transition  from  an  initial  to  a 
gated  condition  to  activate  a  corresponding  selection 
output  thereof  for  effecting  the  select  application  of 

45  current  through  an  inductive  load.  Asensing  arrange- 
ment  is  provided  which  is  coupled  with  each  of  the 
power  selection  switch  arrangement  selection  output 
for  deriving  a  sense  signal  corresponding  with  the  cu- 
mulative  value  of  the  current  applied  therethrough.  A 

so  gate  drive  arrangement  is  coupled  with  each  gate  out- 
put  of  the  solid  state  selection  switches  and  is  respon- 
sive  to  the  control  inputs  for  deriving  each  gate  input 
signal.  A  summing  arrangement  is  coupled  with  each 
solid  state  selection  switch  for  deriving  a  summing 

55  signal  having  a  value  corresponding  with  the  number 
of  the  solid  state  selection  switches  exhibiting  a  gated 
condition.  A  pulse  width  control  arrangement  re- 
sponds  to  the  summing  signal  and  the  sense  signal 
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for  deriving  the  pulse  width  control  input. 
Other  features  of  the  invention  will,  in  part,  be  ob- 

vious  and  will,  in  part,  appear  hereinafter. 
The  invention,  accordingly,  comprises  the  appa- 

ratus  and  method  providing  the  construction,  combin- 
ation  of  elements,  arrangement  of  parts,  and  steps 
which  are  exemplified  in  the  following  detailed  disclo- 
sure. 

For  a  fuller  understanding  of  the  nature  and  ob- 
jects  of  the  invention,  reference  should  be  had  to  the 
following  detailed  description  taken  in  connection 
with  the  accompanying  drawings. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  perspective  view  of  apparatus  accord- 
ing  to  the  invention; 
Fig.  2  is  a  front  view  of  the  apparatus  of  Fig.  1  ; 
Fig.  3  is  a  side  view  of  the  apparatus  of  Fig.  1  ; 
Fig.  4  is  a  sectional  view  taken  thorugh  the  plane 
4-  4  in  Fig.  2; 
Fig.  5  is  a  sectional  view  taken  through  the  plane 
5-  5  in  Fig.  3; 
Fig.  6  is  a  sectional  view  taken  through  the  plane 
6-  6  shown  in  Fig.  3; 
Fig.  7  is  a  sectional  view  taken  through  the  plane 
7-  7  shown  in  Fig.  2; 
Fig.  8  is  a  sectional  view  taken  through  the  plane 
shown  at  8-8  in  Fig.  3; 
Figs.  9A-9D  combine  as  labeled  thereon  to  pro- 
vide  an  electrical  schematic  diagram  of  a  control- 
ler  function  employed  with  the  apparatus  of  Fig. 
1; 
Figs.  10Aand  10B  combine  as  labeled  thereon  to 
provide  an  electrical  schematic  diagram  of  a  driv- 
er  circuit  employed  with  the  apparatus  of  Fig.  1; 
Fig.  11  illustrates  a  character  string  formed  by  the 
apparatus  of  the  invention,  showing  pin  opera- 
tional  regions; 
Fig.  12  is  an  illustration  of  the  locus  of  travel  of  the 
marker  head  when  in  a  raster  operational  mode 
and  additionally  showing  stopping  positions  as 
solid  dots; 
Fig.  13  is  an  illustration  of  the  locus  of  travel  of  the 
marker  head  when  in  a  matrix  operational  mode 
and  additionally  showing  stopping  positions  as 
solid  dots; 
Figs.  14  through  21  combine  as  represented  by 
the  node  designations  illustrated  thereon  to  pro- 
vide  a  flow  chart  describing  a  control  program 
employed  with  the  apparatus  of  Fig.  1;  and 
Figs.  22A-22H  combine  as  a  flow  chart  describ- 
ing  a  program  for  operating  the  apparatus  of  the 
invention  in  a  continuous  line  operational  mode. 

Detailed  Description  of  the  Invention 

The  marking  apparatus  at  hand  is  of  ideally  com- 

pact  configuration  permitting  its  use  in  marking  within 
closely  confined  regions  of  products  moving,  for  in- 
stance,  within  an  assembly  line.  For  the  utilization  of 
stepper  motor  drives  to  a  translation  mechanism  mov- 

5  ing  a  marker  head  assembly,  a  substantial  flexibility 
is  afforded  which  not  only  permits  the  formation  of 
characters  in  three  modes  of  operation,  but  also  ach- 
ieves  substantial  marking  time  interval  savings,  an 
aspect  found  particularly  valuable  within  a  production 

10  line  industrial  environment.  The  noted  operational 
modes  include  a  matrix  technique  for  forming  charac- 
ters  wherein  the  marking  head  is  driven  within  a  se- 
lectively  abbreviated  undulating  single  plane  path;  a 
raster  form  of  movement  emulating  a  television  raster 

15  wherein  the  marking  head  moves  for  marking  purpos- 
es  unidirectionally  along  rows  of  matrix  defined  char- 
acters  to  return  to  a  starting  position;  and  a  continu- 
ous  marking  technique  where  characters  are  formed 
in  a  continuous  fashion  utilizing  a  succession  of  mark- 

20  ing  pins.  Of  particular  note  in  connection  with  the  flex- 
ibility  and  speed  of  marking  associated  with  the  sys- 
tem,  a  control  technique  permitting  "splicing"  is  ach- 
ieved  such  that  one  marking  pin,  may  mark,  for  exam- 
ple  2  2/3  characters,  a  next  adjacent  marking  pin  com- 

25  pleting  the  partially  marked  character  of  its  neighbor- 
ing  pin. 

Referring  to  Fig.  1  ,  a  marking  apparatus  is  repre- 
sented  generally  at  10  having  a  housing  12  seen  hav- 
ing  a  forward  portion  14  and  a  rearward  portion  16  as 

30  demarcated  by  the  abutment  of  a  rear  cover  against 
the  back  edge  of  the  forward  portion  14  at  parting  line 
20. 

The  forward  portion  14  of  the  apparatus  10  sup- 
ports  a  rectangular  platform  22  which  is  coupled  to  an 

35  inwardly  disposed  carriage  or  positioning  component 
by  machine  screws  24,  25.  Platform  22  includes 
pneumatic  transfer  chambers  which  are  directed  to 
the  pneumatic  inputs  and  outputs  of  a  marker  head 
represented  generally  at  26.  Marker  head  26  is  cou- 

40  pled  at  desired  locations  to  the  platform  22  by  socket 
head  cap  screw  28  and  29  and,  for  the  illustrated  em- 
bodiment,  is  seen  to  support  an  array  30  of  six  mark- 
ing  pins,  the  impacting  tips  of  which  may  be  observed 
to  protrude  from  a  removable  confronting  portion  or 

45  plate  32  which  is  positioned  in  adjacency  with  the  sur- 
face  to  be  marked  by  actuation  of  pins  30.  This  actua- 
tion  is,  for  example,  in  the  manner  described  in  the 
above-noted  U.S.  Patents  Nos.  4,506,999; 
4,808,018;  and  5,015,106,  each  of  which  are  incorpo- 

50  rated  herein  by  reference.  This  forward  assemblage 
additionally  is  seen  in  Fig.  2. 

Fig.  1  also  reveals  the  cover  locations  of  two  of 
the  four  angular  contact  bearings  utilized  with  the  ap- 
paratus  10  as  seen  at  34  and  36.  Bearing  36  per- 

55  forms,  in  conjunction  with  an  identical  bearing  oppo- 
sitely  disposed  therefrom  to  support  a  transverse 
screw  drive,  while  bearing  34  operates  in  conjunction 
with  an  identical  and  oppositely-disposed  bearing  to 

5 
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support  a  vertically  oriented  drive  screw.  Additionally 
seen  in  Fig.  1  are  bores  retaining  parallel  horizontal 
shafts  40  and  42  as  well  as  a  stabilizer  shaft  44. 
Shafts  40  and  42  as  well  as  contact  bearing  36  addi- 
tionally  are  seen  in  Fig.  3.  That  figure  also  reveals  an 
electrical  control  connector  46  at  the  rearward  face  of 
apparatus  1  0.  A  source  of  pressurized  gas,  for  exam- 
ple  a  pneumatic  input  also  may  be  introduced  to  the 
apparatus  1  0  from  that  rear  face  as  represented  at  48. 

Turning  to  the  sectional  bottom  view  of  apparatus 
10  shown  in  Fig.  4,  the  marker  head  26  and  platform 
22  to  which  it  is  coupled  are  seen  to  be,  in  turn,  cou- 
pled  to  the  forwardly  disposed  face  52  of  a  generally 
C-shaped  carriage  or  positioning  component  54.  Car- 
riage  54  is  part  of  a  translation  mechanism  represent- 
ed  generally  at  56.  The  rearwardly  extending  and  in- 
tegrally  formed  legs  of  the  C-shaped  carriage  54  are 
seen  in  the  figure  at  58  and  60.  These  legs  58  and  60 
provide  for  the  slidable  mounting  of  the  carriage  54 
upon  respective  vertically  oriented  shafts  62  and  64. 
These  shafts  62  and  64,  are  in  turn,  mounted  upon 
and  move  in  a  transverse  (x-axis)  direction  with  a  car- 
rier  66,  the  lower  surface  of  which  is  revealed  in  the 
figure.  Shafts  62  and  64  are  mounted  utilizing  an  ap- 
propriate  adhesive  in  conjunction  with  bushings,  for 
example  as  shown,  respectively,  at  68  and  70. 

Looking  momentarily  to  Fig.  5,  the  forward  face 
52  of  the  carriage  54  is  seen,  as  well  as  the  two  vert- 
ically  oriented  shafts  62  and  64,  upon  which  the  car- 
riage  slidably  moves  in  vertical  (y-axis)  fashion.  Ball 
bushings  (not  shown)  are  employed  to  enhance  this 
vertical  slidability  of  the  carriage  52  and  the  vertical 
movement  is  permitted  as  the  carriage  52  travels  in 
a  transverse  or  X-axis  direction  with  the  carrier  66 
which,  in  turn,  supports  the  shafts  62  and  64. 

Returning  to  Fig.  4,  the  carrier  66  is  seen  to  be 
configured  having  a  rearwardly  disposed  extension 
72  which,  in  turn,  retains  a  screw  nut  component  74 
of  a  high  helix  angle  lead  screw  assembly  76,  the 
screw  shaft  component  of  which  is  represented  at  78. 
Preferably,  the  threading  of  this  shaft  as  cooperating 
with  nut  74  will  provide  for  a  pitch  of  about  one  half 
inch  of  travel  per  revolution  of  shaft  78.  Shaft  78  is 
mounted  between  angular  contact  bearings  ball,  one 
cover  location  for  which  has  been  described  in  con- 
junction  with  Figs.  1  and  3  at  36.  Assembly  76  may  be 
of  a  variety,  for  example,  marketed  by  Helitronics,  a 
subsidiary  of  Winfred  M.  Berg,  Inc.  Bi-directional  ro- 
tational  drive  is  imparted  to  the  shaft  76  by  a  trans- 
mission  arrangement  including  a  transverse,  X-axis 
or  horizontal  drive  pulley  80.  Pulley  80,  in  turn,  is  con- 
nected  in  driven  relationship  with  a  flexible  drive  belt 
82,  preferably  provided,  for  example,  as  a  neoprene 
timing  belt.  Belt  82  extends  to  the  rearward  portion  14 
of  the  housing  12  to  a  drive  pulley  84  coupled  with  the 
drive  output  shaft  of  a  stepper  motor  90.  A  pulse  width 
modulated  control  input  to  the  motor  90  provides  for 
an  accurate  rotational  drive  output  of  pulley  84  which, 

in  turn,  drives  the  belt  82  extending  through  slot  92 
in  rear  portion  forward  face  94  to  move  the  drive  nut 
74  and,  in  turn,  move  the  carrier  66  in  an  X-axis  or 
transverse  fashion  upon  horizontal  shafts  40  and  42. 

5  A  thin  pin  96  extending  from  the  carrier  66  extension 
72  is  seen  in  the  figure.  Referring  additionally  to  Fig. 
6,  pin  96  functions  in  conjunction  with  an  optical  pos- 
ition  detector  (opto  interrupter)  98  mounted  (Fig.  6), 
in  turn,  upon  a  circuit  board  100  attached  to  the  rear- 

10  wardly  disposed  surface  of  forward  face  94.  An  open- 
ing  102  provides  for  forward  access  of  the  compo- 
nents  mounted  upon  the  circuit  board  100.  Circuit 
board  1  00  and  its  related  components  also  are  seen 
in  Fig.  7.  The  opto-interrupter  98  functions  to  apprise 

15  the  control  system  of  the  apparatus  10  that  the  car- 
rier  66,  and  thus  the  carriage  54,  are  at  a  transverse 
or  X-axis  row  end  or  terminal  position. 

Referring  to  Fig.  7,  a  somewhat  vertically  orient- 
ed  coupler  is  represented  at  110.  Coupler  110  is  slid- 

20  ably  mounted  for  vertical  movement  upon  earlier-de- 
scribed  vertical  shaft  44.  Shaft  44,  in  turn,  is  seen 
coupled  to  the  housing  12  forward  portion  14.  Mount- 
ing  of  device  110  upon  the  shaft  44  is  accomplished 
using  ball  bushings  as  represented  at  112  and  114. 

25  The  vertical  movement  of  coupler  11  0  is  imparted  to 
the  carriage  54  by  virtue  of  its  slidable  connection 
therewith  by  a  horizontally  oriented  shaft  116  which, 
in  turn,  is  slidably  retained  within  a  ball  bushing  118. 
Shaft  116  is  seen  in  Fig.  8  to  extend  between  the  rear- 

30  wardly  disposed  leg  components  58  and  60  of  the  C- 
shaped  carriage  54.  To  permit  the  carrier  66  to  move 
in  a  transverse  or  X-axis  direction,  slots  are  formed  in 
it  as  shown  at  120  and  122.  Slot  120  additionally  is 
seen  in  Fig.  4. 

35  Figs.  7  and  8  reveal  that  the  coupler  110  has  a 
rearwardly  extending  stem  portion  124  within  which 
is  mounted  the  screw  nut  126  of  a  high  helix  angle 
lead  screw  assembly  represented  generally  at  128. 
The  assembly  128,  identical  to  that  at  76,  further  in- 

40  eludes  a  high  helix  angle  lead  screw  shaft  130  which 
is  mounted  within  forward  portion  12  of  housing  14 
upon  angular  contact  bearings  (not  shown),  an  upper 
location  for  which  including  a  removable  cover  has 
been  described  in  conjunction  with  Fig.  1  at  34  and  at 

45  Fig.  37  at  34  and  35.  Shaft  128  is  rotatably  driven  by 
a  vertical  pulley  132,  which,  in  turn,  is  driven  from  a 
vertical  drive  belt  1  34.  Drive  belt  1  34,  preferably  pro- 
vided  having  a  timing  belt  configuration,  extends 
through  a  slot  136  within  face  94  of  rearward  housing 

so  portion  14  to  a  driven  engagement  with  a  vertical 
drive  pulley  138.  Pulley  138,  in  turn,  is  driven  from  a 
vertical  stepper  motor  140  which  also  may  be  ob- 
served  to  be  mounted  in  the  rearward  portion  16  of 
housing  12.  Motors  90  and  140  may  be  provided,  for 

55  example,  as  type  PK245-01  AA  marketed  by  Oriental 
Motor  U.S.A.  Corporation. 

With  the  arrangement  shown,  pulse  width  modu- 
lated  activation  control  input  to  the  motor  140  will 

6 
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cause  bi-directional  vertical  movement  of  the  coupler 
110.  To  locate  the  upper  terminal  position  of  this  vert- 
ical  movement,  as  before,  a  thin  pin  142  which  serves 
as  an  optical  interrupter  is  arranged  to  engage  paths 
through  the  gap  of  an  optical  position  detector  144 
mounted  upon  circuit  board  100.  This  latter  device  is 
additionally  revealed  in  Fig.  6. 

Positioned  within  rear  portion  16  of  housing  12 
butforwardly  of  stepper  motors  90  and  140  are  the  six 
solenoid  actuated  valves  utilized  for  the  purpose  of 
actuating  pin  array  30  of  marking  apparatus  26. 
These  valve  components  are  seen  in  Fig.  4  to  be  pro- 
vided  as  two  arrays  of  three  valves  150  and  152. 
Each  of  the  three  valves  of  the  arrays  150  and  152 
provide  a  gas  under  pressure  or  pneumatic  output  at 
a  corresponding  three  drive  air  fittings  represented, 
respectively,  and  generally  at  154  and  156  in  re- 
sponse  to  pneumatic  control  inputs.  It  may  be  noted 
that  the  valve  arrays  150  and  152  are  mounted  upon 
a  transverse  plate  or  support  158  within  housing  rear- 
ward  portion  14.  Looking  to  Fig.  7,  the  valve  array  152 
and  corresponding  array  of  fittings  156  are  revealed. 
Each  of  the  fittings  of  array  156  are  coupled  with  a 
corresponding  flexible  tube  formed,  for  example,  of 
neoprene  and  shown  in  general  at  160.  This  flexible 
tube  array  extends  through  a  slot  162  within  face  94 
and  passes  over  the  translation  assemblage  or  mech- 
anism  56  to  connect  with  corresponding  fittings 
mounted  upon  the  forwardly  disposed  component  of 
carriage  54.  An  array  of  pneumatic  fittings  164  is  seen 
to  be  mounted  at  the  upper  surface  of  that  forward 
portion  of  carriage  54.  Carriage  54,  as  well  as  asso- 
ciated  platform  22,  additionally  are  seen  to  be  bored 
in  manifold  fashion,  respectively  at  166  and  168  to 
provide  chambers  in  communication  with  the  marker 
pin  assembly  26.  In  this  regard,  Fig.  7  reveals  one 
such  marker  pin  in  cross-section  at  170  positioned 
within  a  chamber  172  communicating  with  the  mani- 
fold  bores  166  and  168.  Not  seen  in  the  drawing  is  a 
return  air  input  to  the  pin  1  70  which  urges  it  rearward- 
ly  to  a  stand-by  orientation  prior  to  being  driven  into  a 
surface  to  be  marked. 

Fig.  6  shows  a  similar  array  of  three  drive  air  fit- 
tings  154  earlier  described  in  conjunction  with  Fig.  4. 
The  fittings  provide  for  the  positioning  of  flexible  con- 
duit  (not  shown)  extending  through  a  slot  174  within 
face  94.  Looking  additionally  to  Fig.  5,  the  port  com- 
ponents  represented  in  Fig.  7  at  166  are  again  repre- 
sented  as  eight  outputs  which  extend  to  correspond- 
ing  bores  within  the  platform  22.  The  array  of  fittings 
164  as  positioned  at  the  top  of  the  forward  portion  of 
carriage  54  again  is  portrayed.  Eight  such  fittings  are 
shown.  Six  of  these  fittings  are  designated  as  drive  air 
or  gas  under  pressure  inputs  and  the  remaining  two 
ports  may  be  utilized  for  return  air  inputs. 

The  control  circuitry  associated  with  apparatus 
10  is  generally  comprised  of  a  controller  function 
which  is  associated  with  a  driver  function.  This  latter 

driver  function  may  be  replicated  depending  upon  the 
number  of  solenoid  actuated  valves  utilized  and,  ad- 
ditionally,  forthe  purpose  of  driving  stepper  motors  90 
and  140.  The  controller  operation  or  function  is  illu- 

5  strated  in  conjunction  with  Figs.  9A-9D  which  should 
be  considered  in  an  orientation  indicated  by  the  lab- 
eling  thereon.  Data  inputs  identifying  the  message  or 
field  to  be  stamped  by  the  apparatus  10  preferably 
are  developed  by  a  conventional  personal  computer 

10  (PC).  In  the  latter  regard,  and  referring  to  Fig.  9A,  a 
type  DB25  parallel  connector  is  identified  at  J1  .  This 
device  is  connectable  with  the  parallel  port  of  an  IBM 
compatible  personal  computer.  Device  J1  is  coupled 
with  an  8-bit  data  bus  182  via  eight  line  lead  array  184 

15  having  the  labeled  data  components  DB0-DB7.  Be- 
low  the  array  184  is  a  line  186  carrying  a  strobe  sig- 
nal.  This  signal  is  generated  from  the  associated  PC, 
in  conventional  fashion,  for  the  purpose  of  enabling 
printer  operations.  The  strobe  signal  at  line  186  is  di- 

20  rected  through  an  RC  network  188  comprised  of  re- 
sistor  R1  and  capacitor  C1  which  functions  to  carry 
out  a  low  pass  filtering  activity.  The  thus-filtered 
pulse  signal  is  inverted  twice  at  Schmitt  inverters  190 
and  192,  and  is  directed  to  the  write  terminal,  WR  of 

25  a  2K  x  8  byte  first  in/first  out  memory  buffer  194 
(FIFO).  Inverters  190  and  192  serve  to  improve  the 
strobe  signal  and  may  be  provided,  for  example,  as 
type  74HC14,  while  the  FIFO  194  device  may  be  pro- 
vided,  for  example  as  a  DS2011  .  Data  from  the  con- 

30  trolling  PC  is  introduced  to  the  device  194  at  its  D0- 
D8  terminals  from  the  data  bus  1  82.  However,  as  rep- 
resented  by  resistor  array  and  capacitor  1  96  and  ca- 
pacitor  array  198,  the  data  from  data  leads  DB0-DB8 
first  are  passed  through  the  resultant  RC  filter  provid- 

35  ed  by  the  arrays  196  and  198.  These  data  leads  also 
are  seen  to  be  pulled  up  to  +5v  by  an  array  of  pull-up 
resistors  198. 

FIFO  buffer  194  serves  to  accommodate  the 
speed  of  the  PC  data  inputs  to  the  controller  electron- 

40  ics  of  apparatus  10.  Thus,  the  PC  inputs  or  data  inputs 
DB0-DB7  will  not  overwhelm  the  latter.  Data  is  written 
into  device  194  by  enablement  of  the  write  terminal, 
WR,  while  the  device  may  communicate  a  busy  or  full 
signal  from  its  FF  terminal  via  lines  200  and  202  to  the 

45  A3  input  of  a  signal  buffer  204.  The  corresponding 
output  from  buffer  204  at  line  206  derives  a  busy  sig- 
nal  for  communication  to  the  PC  from  connector  J1. 
Device  194  is  reset  at  its  RS  terminal  from  line  208 
which  extends,  in  turn,  to  line  210  and  the  A1  input  of 

so  buffer  204.  The  data  output  from  FIFO  1  94  is  derived 
at  its  00-07  terminals  via  eight  lead  array  212  which 
is  coupled  with  and  forms  part  of  a  master  data  bus 
214.  Additionally  coupled  with  bus  214  is  a  lead  216 
carrying  a  read  command  and  which  is  coupled  to  the 

55  RD  terminal  of  device  194.  Further,  device  194  pro- 
vides  an  empty  flag  signal  to  bus  212  from  its  EF  ter- 
minal  at  lead  21  8.  The  leads  of  bus  214  carrying  mas- 
ter  data  and  deriving  from  ports  00-07  of  device  194 
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are  pulled  up  to  +5v  at  pull-up  resistor  array  220, 
whereupon,  as  represented  in  Figs.  9C  and  9D,  they 
are  introduced  to  the  corresponding  terminals  P0.0- 
P0.7ofamaster  processor  224.  Empty  flag  input  from 
bus  214  is  provided  to  processor  224  via  line  226, 
while  the  read  command  therefrom  is  coupled  to  bus 
214  via  line  228.  Processor  224  functions  to  accept  all 
information  from  the  associated  PC,  whereupon  that 
information  is  selectively  directed  to  two  slave  proc- 
essors  shown  in  Fig.  9C  at  230  and  232.  In  this  re- 
gard,  it  may  be  observed  that  the  slave  data  output 
of  bus  224  emanates  from  its  P1  .0-P1  .7  ports  at  eight 
line  lead  array  236  forming  part  of  a  slave  data  bus 
238. 

As  seen  in  Fig.  9C,  slave  bus  238  extends  to  eight 
line  lead  array  240  connected,  in  turn,  to  the  P0.0- 
P0.7  ports  of  slave  microprocessor  232.  Bus  238  fur- 
ther  extends  to  the  corresponding  P0.0-P0.7  ports  of 
slave  microprocessor  230,  such  coupling  being  devel- 
oped  via  eight  line  lead  array  242.  These  leads  as  at 
arrays  240  and  242  carrying  slave  data  inputs  are 
pulled  to  +5v  from  pull-up  resistor  array  243.  Hand- 
shake  communication  between  the  master  processor 
224  and  slave  processors  230  and  232  is  developed 
in  conjunction  with  ports  P2.2-P2.7  of  master  proces- 
sor  224  which,  respectively,  carry  B  BUSY,  A  BUSY, 
B  SEND,  A  SEND,  B  ACKNOWLEDGE,  and  A  AC- 
KNOWLEDGE  signals  which  are  directed  via  six-line 
lead  array  244  forming  part  of  bus  246.  These  same 
lines  of  bus  246  are  pulled  to  +5v  via  six  line  lead  array 
248  and  pull-up  resistor  array  250  coupled,  in  turn,  to 
+5v.  Bus  246  is  seen  in  Fig.  9C  to  be  coupled  to  ports 
P2.2-P2.4  of  slave  processor  232  via  three  line  lead 
array  252.  These  ports,  respectively,  communicate  B 
ACKNOWLEDGE,  B  SEND  and  B  BUSY  information. 
Similarly,  ports  P2.2-P2.4  of  slave  processor  230 
communicate  the  A  ACKNOWLEDGE,  A  SEND,  and 
A  BUSY  signals  from  device  230  to  master  processor 
224  via  three  line  lead  array  245  forming  components 
of  bus  246.  Processors  224,  230,  and  232  may  be  pro- 
vided,  for  example,  as  type  87C51  microprocessors. 
They  receive  a  crystal  input  at  their  XTAL1  ports  from 
a  12  MHz  oscillator  seen  in  Fig.  9C  at  256,  the  output 
of  which  at  line  258  is  directed  via  lines  260  to  the 
crystal  input  terminals  XTAL.1  of  microprocessors 
224  and  230  as  well  as  additionally  through  line  262 
to  the  corresponding  terminal  of  microprocessor  232. 
Microprocessor  224  also  functions  in  connection  with 
slave  processor  232  to  develop  READY  and  DONE 
signals  at  two  lead  array  264  which  are  directed  to 
output  components  of  the  circuitry  via  bus  266.  In 
general,  during  the  handshake  procedure  between 
master  processor  244  and  slave  processors  230  and 
232,  a  data  byte  is  applied  to  the  slave  data  bus  238, 
whereupon  an  appropriate  low  true  signal  A  SEND  for 
microprocessor  230  or  B  SEND  for  microprocessor 
232  is  developed.  Master  processor  224  then  will 
await  a  corresponding  A  ACKNOWLEDGE  signal 

from  slave  processor  230  or  B  ACKNOWLEDGE  from 
slave  processor  232  indicating  that  the  slave  compo- 
nent  has  received  the  data  byte.  The  master  proces- 
sor  224  then  will  raise  the  SEND  signal  back  to  +5v 

5  and  the  slave  then  raises  the  value  at  the  AC- 
KNOWLEDGE  port  back  to  +5v  to  complete  the  hand- 
shake  communication.  In  this  same  regard,  two  sig- 
nals  can  bedirected  tothe  master  processor  224  from 
slave  processors  230  or  232  identified,  respectively, 

10  as  A  BUSY  or  B  BUSY  communicating  to  the  master 
device  224  that  the  slave  is  incapable  of  accepting  in- 
formation  inasmuch  as  it  is  controlling  a  stepper  mo- 
tor  operation.  At  the  termination  of  this  busy  signal, 
the  master  device  224  is  configured  then  to  process 

15  vector  or  head  positioning  information. 
Slave  processors  230  and  232  serve  the  principal 

function  of  providing  controlling  drive  output  signals  to 
effect  the  proper  actuation  of  stepper  motors  90  and 
140.  For  the  purpose  of  such  drive,  the  outputs  of  the 

20  slave  processors  involve  the  provision  of  directional 
information  and  step  information.  This  information  is 
transmitted  from  the  P3.1  and  P3.2  terminals,  respec- 
tively,  of  the  slave  processors  230  and  232.  In  this  re- 
gard,  the  direction  and  step  control  signals  emanate 

25  from  processor  230  for  a  stepper  motor  driving  an  ar- 
bitrarily  designated  A  axis  at  lines  270  and  272,  while 
the  corresponding  signals  from  slave  processor  232 
are  directed  through  lines  274  and  276  for  a  stepper 
motor  driving  the  marking  head  along  an  arbitrarily 

30  designated  B  axis.  Each  axis  processor  internally  cre- 
ates  a  ramped  velocity  profile  which  accomplishes 
the  desired  move  in  a  minimum  time.  These  axes 
have  been  described  heretofore  as  "vertical"  and 
"transverse".  The  step  A  signal  at  line  272  is  directed 

35  via  line  278  to  the  Aterminal  of  a  one-shot  multivibra- 
tor  280.  Multivibrator  280,  which  may  be  provided,  for 
example,  as  a  type  74123,  functions  to  create  a  signal 
which  switches  from  a  holding  or  stop  time  condition 
on  the  relevant  stepper  motor  into  a  run  time  mode. 

40  In  this  regard,  stepper  motors  do  not  require  as  much 
current  to  hold  at  a  steady  position  as  is  required  for 
movement  response.  The  time  constant  of  the  pulse 
developed  from  device  280  is  derived  from  peripher- 
ally  coupled  capacitor  C2  and  resistor  R2.  Diode  D1 

45  additionally  is  coupled  with  this  component.  The  ap- 
propriate  stop  and  run  output  signals  from  device  280 
are  developed  at  respective  lines  282  and  284  which, 
in  turn,  are  directed  to  respective  stop  current  and  run 
current  terminals  of  a  connector  J3  providing  for  the 

so  connection  of  these  signals  with  a  driver  circuit.  In 
similar  fashion,  the  step  B  signal  at  line  276  emanat- 
ing  from  slave  processor  232  is  directed  to  the  A  ter- 
minal  of  a  one-shot  multivibrator  286  which,  as  before, 
may  be  provided  as  a  type  741  23.  Covering  the  same 

55  function,  the  device  286  is  configured  having  a  pulse 
output  configured  with  respect  to  the  capacitor  C3 
and  resistor  R4  performing  in  conjunction  with  a  di- 
ode  D2.  The  resultant  stop  current  and  run  current 
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outputs  for  the  designated  axis  operation  are  provid- 
ed,  respectively,  at  lines  288  and  290  to  a  connector 
J4  which,  as  before,  is  coupled  with  a  driver  circuitry. 

Returning  to  slave  processor  230,  it  may  be  ob- 
served  that  the  direction  A  and  step  A  outputs  of  re- 
spective  lines  270  and  272  additionally  are  directed  to 
the  clock,  CLK  and  direction,  CW/CCW  terminals  of 
a  stepper  motor  driver  integrated  circuit  292.  Device 
292  may  be  provided,  for  example,  as  a  type  L297  and 
provides  for  output  signals  representing  phase  out- 
puts  A-D  of  a  conventional  stepper  motor  phase  quad- 
rature  output  drive  arrangement.  These  signals  are 
shown  respectively  emanating  at  lines  294-297 
which,  in  turn,  are  coupled  to  four  pull-up  resistors  of 
the  pull-up  resistor  array  300  seen  coupled  to  +5v. 
The  A-D  motor  phases  then  extend  to  connector  J3  for 
appropriate  coupling  with  a  driver  circuit. 

In  similar  fashion,  the  direction  input  at  line  274 
emanating  from  slave  processor  232  is  directed  to  the 
corresponding  directional  port,  CW/CCW  of  a  stepper 
motor  driver  integrated  circuit  302  which  is  identical  to 
that  described  at  292.  The  corresponding  step  B  sig- 
nal  at  line  276  is  directed  to  the  clock,  CLK,  terminal 
of  device  302  through  line  304.  Those  inputs  provide 
phase  quadrature  based  outputs  for  phases  A-D  at 
corresponding  output  lines  306,  309,  which,  as  in  the 
case  of  device  292,  are  coupled  to  four  pull-up  resis- 
tors  of  array  300  to  +5v.  The  outputs  additionally  are 
directed  to  corresponding  A-D  motor  phase  connec- 
tions  at  connector  J4  for  association  with  a  driver  cir- 
cuit. 

Turning  to  Fig.  9D,  the  control  arrangement  for 
deriving  solenoid  valve  actuation  or  drive  signals  is  il- 
lustrated.  These  six  solenoid  actuated  valves  have 
been  described  at  three  valve  arrays  1  50  and  1  52,  for 
example,  in  connection  with  Fig.  4.  Four  of  the  drive 
signals  for  the  solenoids  are  derived  directly  from 
master  processor  224  as  emanating  from  its  ports 
P3.0-P3.4  and  presented  at  respective  lines  312-315 
which  incorporate  respective  Schmitt  inverters  318- 
321  and,  in  turn,  are  directed  to  terminals  of  a  connec- 
tor  J5  for  connection  with  corresponding  solenoid  ac- 
tuated  valves  designated  arbitrarily  1-4.  Drive  signals 
for  the  remaining  two  solenoid  actuated  valves  are 
developed  from  terminals  P3.4  and  P3.5  of  master 
processor  224  which  are  coupled  via  respective  lines 
324  and  326  to  the  A3  and  A4  input  terminals  of  a  buf- 
fer  328.  Device  328  may  be  provided,  for  example,  as 
a  type  74HC240  and  serves  as  an  inverter.  The  re- 
sulting  inverted  outputs  for  the  solenoids  designated 
5  and  6  are  presented  at  respective  lines  330  and  332 
to  a  connector  J10  functioning  to  couple  with  a  driver 
circuit. 

Also  coupled  with  connector  J5  is  an  NPN  tran- 
sistor  Q1  ,  the  collector  of  which  is  coupled  to  +5v;  the 
emitter  of  which  is  coupled  with  connector  J5  to  pro- 
vide  a  EV  signal  and  the  base  of  which  is  connected 
to  the  signal  designated  "RST".  The  latter  signal  is 

generated  with  a  lowering  of  the  +5v  or  reset.  The  EV 
output  of  the  device  is  utilized  as  a  conditioner  to  the 
solenoid  valve  drive  logic  to  avoid  abrupt  current  im- 
position  at  power  up  and  power  down.  A  similar  NPN 

5  transistor,  Q2,  is  identically  coupled  and  associated 
with  the  solenoid  drives  5  and  6  at  connector  J1  0. 

Returning  to  Fig.  9C,  a  connector  J2  is  seen  cou- 
pled  to  the  signal  output  of  the  A  HOME  sensor  and 
the  B  HOME  sensor,  respectively  described  in  con- 

10  junction  with  opto-interrupt  sensing  devices  98  and 
144  in  Fig.  6.  Additionally,  the  connector  provides  +5v 
and  ground  for  those  devices,  and  responds  to  a 
START  PRINT  push  button  which  may  be  employed 
with  the  apparatus  10  to  generate  a  PRINT  signal  at 

15  a  line  340.  Generally,  the  A  HOME  sensor  signal  is  as- 
sociated  with  an  X  or  transverse  axis  of  movement  of 
the  marker  head  30  and  is  seen  directed  along  line 
342  to  the  input  of  a  Schmitt  reactive  opto-isolator 
344.  This  input  includes  a  filtering  network  comprised 

20  of  resistor  R15  and  capacitor  C4,  and  provides  an  A 
HOME,  true  low  signal  at  line  346  which  is  seen  to  be 
coupled  to  one  pull-up  resistor  within  pull-up  resistor 
array  348  via  lines  350  and  352.  Line  350  also  may 
be  coupled  with  light  emitting  diode  (LED)(not  shown) 

25  utilized  for  diagnostics  in  indicating  that  the  home 
position  has  been  reached.  The  home  signal  at  line 
352  is  seen  to  extend  as  represented  at  line  356  to 
P3.4  port  of  slave  processor  230  and,  additionally,  as 
illustrated  in  Fig.  9A,  is  directed  to  one  input  of  a  pro- 

30  grammable  array  logic  component  358  (PAL).  PAL 
358  may  be  provided,  for  example,  as  a  type  16LB. 
Returning  to  Fig.  9C,  the  B  HOME  sensor  signal  rep- 
resenting  a  Y  axis  or  vertical  movement  home  posi- 
tion  emanating  from  device  144  described  in  conjunc- 

35  tion  with  Fig.  6  is  provided  along  line  360  to  the  input 
of  another  Schmitt  reactive  opto-isolator  362  identical 
to  the  opto-isolator  344,  the  input  to  device  362  is  fil- 
tered  by  a  network  including  resistor  R6  and  capacitor 
C5.  The  true  low  output  of  device  362  at  line  364  is 

40  pulled  up  by  one  pull-up  resistor  of  array  348.  The  B 
HOME  signal  further  is  directed  via  line  370  to  lines 
370  and  372  to  the  P3.4  input  of  slave  processor  232 
and  as  illustrated  in  Fig.  9A,  line  370  is  seen  to  con- 
tinue  to  provide  an  input  at  PAL  358  which  is  logically 

45  ANDed  with  the  corresponding  signal  at  line  352  to 
provide  a  combined  home  signal  at  line  374.  Line  374, 
in  turn,  is  directed  to  one  input  of  buffer  204  and  gen- 
erates  a  corresponding  output  signal  at  connector  J1 
for  PC  utilization  at  line  376. 

so  The  PC  conventionally  provides  an  initialization 
signal,  "INIT"  at  the  terminal  J1  for  the  purpose  of  ini- 
tializing  a  printer.  That  initialization  feature  is  utilized 
by  the  instant  system.  In  this  regard,  the  initialization 
signal  is  presented  at  line  384  which,  in  turn,  is  direct- 

55  ed  to  one  input  of  PAL  358.  The  result  is  the  genera- 
tion  of  a  corresponding  reset  signal  at  line  210.  The 
reset  signal  at  line  21  0  is  directed  to  buffer  204  as  ear- 
lier  described  to  provide  a  buffered  output  reset  signal 
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at  line  386  which  extends  through  line  388  to  reset  ter- 
minal  of  slave  processor  230  as  seen  in  Fig.  9C.  Ad- 
ditionally,  line  388  extends  to  the  reset  terminal  of 
slave  processor  232  through  line  390  and,  as  seen  in 
Fig.  9D,  extends  additionally  to  the  reset  input  of  mas- 
ter  processor  224.  This  reset  signal  is  treated  or  fil- 
tered  by  a  capacitor  C6  within  a  line  392  coupled,  in 
turn,  to  line  388. 

Referring  again  to  Fig.  9B,  a  connector  J8  pro- 
vides  for  input/output  communication  with  the  user. 
For  example,  the  control  panel  for  the  apparatus  may 
include  a  "GO"  and  "ABORT"  input  which,  may  be 
switch  activated.  A  GO  input  signal  is  directed  from 
connector  J8  via  fused  line  396  to  the  input  of  an  opto- 
isolator  398.  Device  398  may  be  provided,  for  exam- 
ple,  as  a  type  70MIDC5,  the  +  terminal  input  of  which 
is  coupled  to  an  I/O  common  terminal  at  connector  J8 
via  lines  400  and  402.  The  resulting  output  at  line  404 
is  true  low  and  functions  to  effect  the  energization  of 
a  light  emitting  diode  which  is  coupled  through  limiting 
resistor  R8  to  +5v.  Line  404  is  seen  to  extend  to  +5v 
through  a  pull-up  resistor  of  the  pull-up  resistor  array 
250  and,  additionally,  via  line  406  to  the  base  of  an 
NPN  transistor  Q3.  The  collector  of  transistor  Q3  is 
coupled  with  +5v,  while  the  emitter  thereof  is  coupled 
through  resistor  R9  to  ground  as  well  as  to  line  408 
which,  looking  to  Fig.  9A,  extends  to  connector  J1  to 
provide  an  indication  to  the  PC  that  a  GO  condition 
has  been  initiated. 

Returning  to  Fig.  9B,  in  similarfashion,  an  extern- 
ally  derived  ABORT  signal  by  a  switch  or  the  like  will 
be  directed  from  connector  J8  via  fused  line  410  to 
one  input  of  anopto-isolator412.  The  +  input  of  device 
412  is  coupled  via  line  414  to  line  400,  and  the  output 
thereof  is  present  at  line  416.  Line  416  is  seen  cou- 
pled  the  cathode  of  a  light  emitting  diode  D4  which  is 
connected  through  limiting  resistor  R10  to  +5v.  Line 
416,  as  before,  is  directed  to  the  base  of  NPN  transis- 
tor  Q4,  the  collecter  of  which  is  connected  with  +5v 
and  the  emitter  of  which  is  connected  through  resistor 
R11  to  ground  as  well  as  via  line  418  and  line  420  is 
seen  in  Fig.  9A  to  connector  J1.  Line  418  further  ex- 
tends  to  an  input  to  PAL358  which,  in  turn,  issues  a 
reset  signal  at  line  210.  Thus,  on  the  occasion  of  an 
ABORT  input,  the  PC  is  alerted  and  the  circuitry  is  re- 
set.  In  effect,  the  PC  is  instructed  to  cease  sending 
data. 

The  READY  and  DONE  signals  developed  from 
the  master  processor  224  are,  as  described  above,  di- 
rected  to  the  slave  processor  232  as  seen  in  Fig.  9C 
to  provide  corresponding  READY  and  DONE  signals 
at  two  line  lead  array  264  representing  bus  266.  Re- 
turning  to  Fig.  9B,  bus  266  is  seen  to  introduce  these 
two  signals  at  two  line  lead  array  422  to  the  A3  and 
A4  input  ports  of  a  buffer  424.  Buffer  424  may  be  pro- 
vided,  for  example,  as  a  type  74HC244  and  provides 
corresponding  inverted  outputs  at  its  terminals  Y3 
and  Y4.  Terminal  Y3  is  coupled,  carrying  a  buffered 

READY  signal  which  is  logically  true  low,  via  line  426 
to  the  input  of  an  opto-isolator  input/output  device 
428.  Device  428  may  be  provided,  for  example,  as  a 
70MODC5  device  and  generates  a  corresponding  DC 

5  output  at  fused  line  430  extending  to  an  appropriate 
I/O  output  at  connector  J8.  The  input  to  device  428 
from  line  426  also  functions  to  energize  a  light  emit- 
ting  diode  (LED)  D5,  which  is  coupled  to  one  side 
thereof,  the  opposite  side  being  coupled  through  re- 

10  sistor  R12  to  +5v. 
Returning  to  buffer  424,  the  Y4  terminal  thereof 

provides  a  buffer  DONE  signal  at  line  432  to  the  input 
of  an  opto-input/output  coupled  434.  Device  434  may 
be  identical  to  that  at  428  and  generates  a  corre- 

15  sponding  DONE  output  signal  at  fused  line  436  ex- 
tending  to  connector  J8  which  is  connectable,  in  turn, 
to  the  control  PC.  This  signal  at  line  432  which  is  log- 
ically  true  low,  also  serves  to  cause  the  energization 
of  a  light  emitting  diode  D6  which  is  coupled  to  +5v 

20  through  resistor  R13. 
In  the  event  that  the  master  processor  324  re- 

ceives  data  from  the  PC  that  is  "not  understood"  to 
which  it  cannot  react,  the  program  associated  there- 
with  assumes  that  a  communication  error  has  occur- 

25  red.  As  a  consequence,  the  device  224  will  issue  a 
COMM  ERROR  signal  from  its  port  P2.0  at  line  440 
which  is  directed  to  line  442  to  the  A4  terminal  of  a 
buffer  444.  Device  444  may,  for  example,  be  a  type 
74HC244  and  provides  a  resulting  output  at  line  446 

30  which,  in  turn,  is  directed  to  a  connector  J6,  the  op- 
posite  input  to  which  is  coupled  through  resistor  R14 
to  +5v  and  serves  to  connect  to  an  LED  to  indicate 
transmission  error  to  the  operator.  This  communica- 
tions  error  signal  at  line  442  is  additionally  directed  via 

35  line  448  to  the  A1  terminal  of  buffer  328  which,  in  turn, 
provides  a  buffered  communications  error  signal  at  its 
Y1  terminal  and  line  450  which  is  seen  to  extend  to 
the  gate  of  field  effect  transistor  Q5  and  simultane- 
ously  via  line  452  to  the  gate  of  identical  field  effect 

40  transistor  Q6.  The  source  terminals  of  transistors  Q5 
and  Q6  are  each  coupled  to  ground,  while  the  gates 
of  these  transistors  respectively  are  coupled  to  lines 
404  and  416.  Thus,  with  the  application  of  a  commu- 
nications  error  signal  from  line  450,  the  GO  and 

45  ABORT  signals  are  simultaneously  pulled  low,  a  con- 
dition  responded  to  by  the  PC  as  an  indication  that  a 
communications  error  is  at  hand.  Transistors  Q5  and 
Q6  may  be  provided,  for  example,  as  type  VN0300L. 

Buffer  444  also  is  seen  having  an  input  at  its  A2 
so  terminal  at  line  454  which  carries  the  DONE  signal 

otherwise  generated  as  an  output  at  line  436.  This 
same  signal  is  inverted  by  the  buffer  444  (Fig.  9D) 
and  provided  at  its  Y2  output  at  line  456  as  a  signal 
designated,  DONE.  That  same  signal  is  presented  to 

55  connector  J1  in  Fig.  9A  at  line  458  for  transmission  to 
the  supervisory  PC. 

The  power  supply  is  represented  in  Fig.  9D  as  a 
block  464.  The  power  supply  serves  to  provide  DC 
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outputs  of  +5v,  +12v,  a  high  voltage  DC  supply  (HV) 
which  will  have  a  value  of  about  165  volts  DC  and  the 
earlier-discussed  low  voltage  reset  signal,  RST. 

The  controller  circuit  illustrated  in  connection  with 
Figs  9A-9D  performs  in  conjunction  with  a  series  of 
driver  circuits  functioning  to  provide  drive  to  the  sole- 
noid  actuated  valves  of  the  system  as  well  as  the  two 
stepper  motors.  The  latter,  stepper  motors  generally 
are  driven  in  phase  quadrature  and  those  phases  are 
represented  in  the  discourse  to  follow  as  Athrough  D. 
The  same  circuit  is  utilized  for  energizing  the  sole- 
noids  of  the  solenoid  actuated  valves  with  a  solenoid 
based  jumpering  configuration.  Thus,  the  jumpers  for 
this  simple  conversion  are  represented  in  the  draw- 
ings  to  follow  illustrating  the  driver  circuit.  However, 
the  circuit  in  particular  is  described  in  connection  with 
a  stepper  motor  driving  function.  For  each  of  the  ap- 
plications  with  motors  and  solenoids,  a  salient  feature 
of  the  circuit  resides  in  the  return  of  inductively  in- 
duced  power,  for  example,  at  inductor-based  device 
turn-off  to  the  power  supply  itself.  Because  all  of  the 
inductive  components  are  located  within  the  compact 
housing  12,  the  elimination  of  heat  from  power  other- 
wise  dissipated  is  highly  desirable. 

In  general,  the  driver  circuitry  functions  as  a  con- 
stant  current  system  performing  in  conjunction  with  a 
pulse  width  modulation  control  achieving  desired  cur- 
rent  levels.  Depending  upon  the  number  of  loads  be- 
ing  driven,  the  circuit  will  alter  load  introduced  current 
by  a  factor  of  that  number  of  loads.  Figs.  10Aand  10B 
should  be  considered  conjointly  as  labeled  thereon 
for  the  instant  description.  Looking  particularly  to  Fig. 
10  A,  the  driver  circuit  is  seen  to  develop  a  basic  con- 
trol  signal  through  the  utilization  of  a  pulse  drive  cir- 
cuit  including  a  dual  timer/oscillator  470.  Provided,  for 
example,  as  a  type  LM556  marketed  by  Signetics, 
Inc.,  the  top  portion  of  device  470,  as  configured  with 
resistors  R17  and  R18  as  well  as  capacitors  C9  and 
C10,  develops  a  48  KHz  oscillative  output  at  line  472. 
This  output  is  differentiated  by  a  differentiating  net- 
work  comprised  of  capacitor  C1  1  and  resistor  R1  9.  A 
steering  diode  D9  within  line  476  protects  this  output 
from  negative  excursions  and  line  476  is  seen  direct- 
ed  to  the  trigger  TRIG  input  of  the  lower  portion  of  de- 
vice  470.  This  lower  portion  of  device  470  is  config- 
ured  in  conjunction  with  resistors  R20and  R21  as  well 
as  capacitors  C1  2  and  C1  3  to  achieve  a  one-shot  mul- 
tivibrator  function.  Variable  resistor  R21  adjusts  the 
interval  of  the  output  signal  and  the  adjustment  util- 
izing  these  peripheral  components  serves  to  develop 
an  output  at  line  478  which  generates  a  low-going  sig- 
nal  for  a  predetermined  interval,  for  example  10.5  mi- 
croseconds.  This  predetermined  interval  represents 
the  maximum  pulse  time  or  interval  that  current  is 
permitted  to  be  introduced  to  the  inductive  loads  be- 
ing  driven  by  switching  regulation.  The  10.5  microsec- 
ond  signal  at  48  KHz  is  introduced  to  the  gate  of  a  field 
effect  transistor  Q9.  Provided,  for  example,  as  a  type 

VN0300L,  the  drain  of  transistor  Q9  is  coupled  to  line 
480,  while  the  source  thereof  is  coupled  via  line  482 
to  ground.  A  pull-up  resistor  R22  is  seen  connecting 
the  drain  terminal  at  line  480  to  +  12v,  the  device  Q9 

5  having  an  open  drain  output. 
The  output  at  line  480  is  pulse  width  modulated 

by  a  pulse  width  control  including  a  comparator  484 
having  an  output  at  line  486  joined  with  line  480  at 
point  488.  Comparator  484  may  be  provided,  for  ex- 

10  ample,  as  a  type  LM31  1  N  and  receives  a  reference  in- 
put  signal  at  its  positive  input  at  line  490  and  a  load 
current  responsive  input  at  its  negative  input  terminal 
at  line  492. 

The  pulse  width  modulated  triggering  signal  at 
15  line  480  is  directed  to  the  input  terminal  (IN)  of  a  high 

side,  N  channel  field  effect  transistor  driver  494.  De- 
vice  494  may  be  provided,  for  example,  as  a  type  IR 
2125  marketed  by  International  Rectifier,  Inc.  It  has 
a  VCC  input  at  line  496  coupled  with  +12v  and  filtered 

20  at  capacitors  C14-C15.  The  output  port  (OUT)  of  de- 
vice  494  at  line  498  is  coupled  through  resistor  R23 
to  the  gate  of  power  application  switch  present  as  an 
N  channel  field  effect  transistor  (FET)  Q10.  Provided, 
for  example,  as  type  IRF732,  the  drain  of  device  Q10 

25  is  coupled  to  +HVor  high  voltage,  for  example,  at  185 
volts  D.C.  The  source  of  the  device  is  coupled  to  line 
500  and  line  502  which  is  directed  to  the  CS  and  VS 
terminals  of  driver  494.  Driver  494  is  configured  with 
peripheral  components  including  a  Shotkey  diode 

30  D10  and  capacitor  C17.  In  operation,  when  transistor 
Q1  0  is  in  an  off  state,  capacitor  C1  7  is  charged  to  the 
noted  +12v  supply.  When  the  input  to  device  494  at 
line  480  exhibits  a  high  logic  level,  the  capacitor  C17 
will  function  to  discharge  across  the  gate  of  FET  tran- 

35  sistor  Q1  0  turning  it  on  to  evoke  a  voltage  rise  at  the 
source  equal  with  the  HV  voltage  source,  for  exam- 
ple,  at  185  volts.  Ports  VS  and  CS  of  device  494  ride 
with  this  value  and,  inasmuch  as  the  capacitor  C17 
derived  voltage  is  within  the  circuit,  transistor  Q1  0  re- 

40  mains  on.  The  signal  terminates  with  the  removal  of 
a  logic  high  at  the  input  terminal  (IN)  of  device  494  at 
line  480.  A  Shotkey  diode  D11  is  seen  coupled  with 
line  502  and  the  source  terminal  of  transistor  Q10 
serving  as  a  switch  mode  power  rectifier  accommo- 

45  dating  an  inductive  current  discharge  necessarily  re- 
turning  from  the  inductive  loads  involved.  Note  that 
the  diode  is  coupled  to  ground  through  line  504  and 
may  be  provided,  for  example,  as  a  type  MUR830. 
Line  502  is  seen  to  extend  to  the  input  of  an  inductor 

so  L1,  the  output  thereof  at  line  506  extending  to  the  HV 
common  terminal  of  a  connector  J20.  The  remaining 
couplings  at  connector  J20  are  seen  to  be  the  phase 
designated  outputs  of  the  driver  circuit  as  seen  at  A- 
D  to  provide  the  individual  load  or  phase  signals  and 

55  are  logically  true  low,  serving  to  convey  the  current 
signal  at  the  HV  connection  line  506  to  an  appropriate 
motor  phase.  Accordingly,  these  phase  inputs  A-D 
are  controlled  from  a  power  selection  switch  arrange- 

11 



21 EP  0  591  092  A2 22 

ment  provided  as  four  identical  phase  field  effect  tran- 
sistors  (FET)  Q11-Q14.  Provided,  for  example,  as 
type  IRF732,  the  drain  of  transistor  Q11  is  seen  cou- 
pled  to  the  A  phase  connection  via  line  508.  The  drain 
of  transistor  Q1  2  is  coupled  to  the  B  connector  via  line 
509;  the  drain  of  transistor  Q13  is  coupled  to  the  C 
connection  via  line  510;  and  the  drain  of  transistor 
Q14  is  coupled  to  the  D  connection  at  connector  J20 
via  line  511. 

The  source  terminals  of  transistors  Q11  and  Q14 
are  coupled  to  line  514  while  the  corresponding 
source  terminals  of  transistors  Q12  and  Q13  are  cou- 
pled  to  that  line  514  via  respective  lines  516  and  518. 
Line  514,  in  turn,  is  connected  by  line  520  to  one  side 
of  a  sense  resistor  R24,  the  opposite  side  of  which  is 
connected  to  ground. 

With  the  arrangement  shown,  with  the  turning  on 
of  transistor  Q10,  the  high  voltage,  for  example  185 
VDC  induced  current  commences  to  flow  through  in- 
ductor  L1,  whereupon  it  traverses  an  appropriate 
component  of  the  load  as  selected  from  phase  con- 
nectors  A-D.  For  example,  where  connector  A  has 
been  elected  from  transistor  Q11  ,  current  then  flows 
across  the  drain-source  of  transistor  Q11  to  be  wit- 
nessed  from  lines  514  and  520  at  the  sense  resistor 
R24.  Generally,  the  current  will  rise  exponentially  and 
the  voltage  induced  at  sense  resistor  R24  then  may 
be  witnessed  by  the  driver  system  as  corresponding 
with  current  value.  For  example,  assigning  a  value  of 
1  ohm  for  resistor  R24  will  result  in  the  generation  of 
a  0.5v  reference  value  for  a  corresponding  current  of 
0.5  amps,  in  turn,  representing  a  desired  regulated 
current  value.  This  reference  value  is  provided 
through  resistor  R25  and  line  492.  Capacitor  C1  8  ex- 
tends  between  line  492  and  ground.  Returning  to  Fig 
10A,  line  492  extends  to  the  negative  input  of  compar- 
ator  484.  Accordingly,  for  the  exemplary  0.5v  desired 
reference,  the  device  484  will  pulse  width  modulate 
the  48KHz  signal  at  488. 

Looking  to  Fig.  10B,  it  may  be  observed  that  the 
gates  of  transistors  Q11-Q14  are  coupled,  respective- 
ly,  with  lines  526-529.  Of  these  gate  connected  lines, 
line  526  is  seen  coupled  to  an  initial  resistor  R28  with- 
in  a  summing  network  of  resistors  represented  gen- 
erally  at  532  and  having  a  summing  output  at  line  534. 
In  similar  fashion,  line  527  from  the  gate  of  transistor 
Q12  is  connected  to  resistor  R29;  line  528  in  combin- 
ation  with  line  536  is  coupled  to  resistor  R30,  and  line 
529  in  combination  with  line  538  connects  the  gate  of 
transistor  Q14  to  resistor  R31  . 

Looking  additionally  to  Fig.  10A,  the  summing 
output  of  the  resistor  network  532  at  line  534  is  shown 
directed  to  a  series  of  potentiometers  R32-R35,  pairs 
of  which  may  be  elected  by  the  user  for  driving  a  step- 
per  motor  or  for  driving  the  solenoid  component  of  sol- 
enoid  actuated  valves  employed  with  the  pneumatic 
pin  drives  of  apparatus  10.  For  stepper  motor  drive, 
potentiometers  R32  and  R33  are  elected  by  connect- 

ing  pins  1  and  2  of  jumpers  540-543.  Alternately,  for 
solenoid  implementation,  pins  2  and  3  of  jumpers  540- 
543  are  coupled.  Assuming  a  stepper  motor  utiliza- 
tion,  the  desired  reference  level  is  adjusted  at  poten- 

5  tiometer  R32  for  the  desired  current  applied  to  the 
phases  of  a  stepper  motor  during  its  running  condi- 
tion.  When  the  stepper  motor  is  holding  at  a  given 
position,  a  holding  current  is  required  of  lesser  extent 
than  the  running  current  and  adjustment  of  potenti- 

10  ometerR33  provides  for  this  alteration.  In  this  regard, 
it  may  be  observed  that  the  wiper  arm  546  of  poten- 
tiometer  R32  is  coupled  to  line  548  which,  in  turn,  is 
coupled  to  an  optofet  coupler  550.  Device  550  may  be 
provided,  for  example,  as  a  type  H11F2  and  is  trig- 

is  gered  or  switched  by  application  of  a  logic  true  low 
run  current  signal  from  line  552.  A  positive  voltage  in- 
put  is  applied  to  the  opposite  input  to  device  550  from 
line  554  through  limiting  resistor  R36.  The  inputs  ap- 
plied  at  connector  J21  will  be  recognized  as  those 

20  provided  from  either  connectors  J3  and  J4  as  dis- 
cussed  in  connection  with  Fig.  9C.  The  output  of  de- 
vice  550  is  coupled  through  line  556  and  558  to  line 
490  extending,  in  turn,  to  the  reference  or  positive  in- 
put  to  comparator  484.  The  reference  input  to  compar- 

25  ator  484  is  filtered  by  a  capacitor  C1  9.  Additionally,  a 
resistor  R37,  as  seen  coupled  to  ground  as  well  as  to 
line  490,  functions  to  pull  the  reference  signal  line  to 
ground  setting  current  to  zero  and  avoiding  a  signal 
float  condition. 

30  In  similar  fashion,  the  application  of  a  low  true 
stop  or  hold  current  signal  at  line  560  serves  to  close 
a  circuit  including  resistor  R38  and  line  554  at  the  in- 
put  of  optofet  coupler  562.  Device  562  is  identical  to 
coupler  550  and  serves  to  switch  the  output  from  the 

35  wiper  arm  of  potentiometer  R33  at  line  564  to  line  558. 
Thus,  a  holding  reference  signal  is  applied  to  the  pos- 
itive  input  terminal  of  comparator  484  from  line  490. 

Thus  structured,  the  driving  arrangement  utiliz- 
ing  the  reference  input  to  comparator  484  as  varied 

40  by  the  voltage  values  from  summing  network  532 
permits  the  development  of  higher  current  values 
with  the  activation  of  additional  ones  of  the  phase 
switching  transistors  Q11-Q14.  In  this  regard,  with 
the  turning  on  or  gating,  for  example,  of  a  second  one 

45  of  those  transistors,  then  the  voltage  evoked  from 
summing  network  532  will  double  to  correspondingly 
increase  the  reference  input  to  comparator  484.  The 
same  alteration  of  the  reference  input  occurs  with  the 
utilization  of  transistors  Q11-Q14  to  drive  the  solenoid 

so  components  of  solenoid  actuated  valves.  In  the  latter 
regard,  returning  to  Fig.10A,  it  may  be  observed  that 
with  the  connection  of  jumper  points  2  and  4  at  jum- 
pers  540-543,  potentiometers  R34  and  R35  may  be 
employed  for  the  purpose  of  adjusting  reference  vol- 

55  tage.  It  may  be  observed  that  the  wiper  arm  of  poten- 
tiometer  R34  is  coupled  via  line  556  to  line  548 
through  jumper  541  to  provide  a  drive  solenoid  cur- 
rent  of  higher  value.  Where  desired,  current  can  be 
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adjusted  from  the  wiper  arm  of  potentiometer  R35 
which  is  seen  coupled  via  line  568  to  line  564. 

Selection  of  the  phase  transistors  Q11-Q14  for 
activation  is  made  from  respective  input  lines  570- 
573.  These  lines  are  selected,  as  before,  from  con- 
nectors  J3  and  J4  described  in  connection  with  Fig. 
9C.  The  low  true  signals  at  lines  570-573  are  directed 
to  corresponding  cathode  inputs  of  opto-coupler  576, 
the  anode  inputs  thereto  being  coupled  via  respective 
lines  578-581  to  resistors  R39-R42  which  are  con- 
nected,  in  turn,  via  line  584  to  a  voltage  source,  i.e. 
5v  at  line  554. 

Device  576  may  be  provided,  for  example,  as  a 
type  PS25014  (N.E.C.)  and  the  application  of  a  true 
low  input  to  selected  lines  570-573  produces  a  corre- 
sponding  logic  low  at  respective  output  lines  586-589 
seen  in  Fig.  10B.  Lines  586-589  are  pulled  down  to  a 
logic  low  through  respective  resistors  R34-R46  which 
are  coupled  to  ground  through  line  592.  The  resultant 
low  going  drive  signals  are  presented  through  respec- 
tive  resistors  R47-R50  to  the  gates  of  respective  tran- 
sistors  Q11-Q14.  In  this  regard,  lines  586  and  587  are 
directed  to  the  inputs  of  MOSFET  driver  594  which  in- 
verts  the  signal  at  line  586  to  apply  a  positive  gating 
input  to  transistor  Q11  via  lines  596  and  526  and  to 
transistor  Q12  via  lines  598  and  527.  Device  594  may 
be  provided,  for  example,  as  a  type  DS0026. 

In  similar  fashion,  low  going  activating  signals 
from  lines  588  and  589  are  directed  to  the  input  of 
MOSFET  driver  600.  In  this  regard,  the  input  or  drive 
signal  from  line  588  is  converted  and  directed  via  lines 
602  and  528  to  the  gate  of  transistor  Q13.  Similarly, 
the  signal  at  line  589  is  directed  from  device  600  via 
lines  604  and  529  to  the  gate  of  transistor  Q14.  As  not- 
ed  before,  the  values  of  these  inputs  are  responded 
to  at  the  resistor  summing  network  532  for  the  pur- 
pose  of  developing  a  reference  input  at  comparator 
484. 

Gating  output  lines  586-589  also  are  respectively 
coupled  to  the  gates  of  N-channel  field  effect  transis- 
tors  (FET)  shown  respectively  at  Q15-Q18.  The  drain 
terminals  of  transistors  Q15-Q18  are  coupled  via  re- 
spective  lines  526,  527  536,  and  538  to  the  gate  in- 
puts  of  respective  transistors  Q11-Q14  as  well  as  to 
the  corresponding  summing  network  532  resistors 
R29-R31.  As  transistors  Q11-Q14  are  turned  off,  re- 
spective  transistors  Q15-Q18  are  turned  on  to  bring 
the  inputs  to  the  gates  of  transistors  Q11-Q14  to 
ground  via  respective  lines  608-609  coupled  between 
ground  and  the  source  terminals  thereof.  This 
grounding  action  assures  return  to  a  zero  volt  state  to 
enhance  the  accuracy  of  the  reference  voltages 
evolved  from  summing  network  532. 

Because  of  the  inductive  nature  of  the  loads  driv- 
en  by  the  driver  circuitry,  accommodation  is  made  to 
divert  the  inductive  spike  or  reverse  current  back  to 
the  power  supply.  Fig.  10B  shows  diodes  D12-D15 
protecting  the  respective  transistors  Q11-Q14  from 

this  reverse  inductively  induced  current  surge.  How- 
ever,  oppositely  oriented  diodes  D16-D19  are  shown 
having  their  anodes  coupled  with  respective  lines 
508-511  and  their  cathodes  coupled  via  line  612  in 

5  the  case  of  diodes  D16  and  D19,  and  additionally  re- 
spective  lines  614  and  61  6  for  the  case  of  diodes  D17 
and  D18  to  high  voltage  ,  i.e.  HV  common.  As  the  not- 
ed  inductive  spike  or  reverse  current  occurs,  the  HV 
common  at  line  506  essentially  becomes  negative  or 

10  reverses  line  502  leading  to  inductor  L1  which  be- 
comes  negative  as  well,  and  current  then  flows  at  di- 
ode  D  11.  Additionally,  diodes  D16-D19  are  utilized  to 
return  the  current  generated  by  the  inductors  back  to 
the  power  supply,  a  result  lowering  the  otherwise 

15  transformed  and  resultant  heat  generation. 
The  control  features  of  the  apparatus  10  permit 

each  pin  of  the  marker  array  30  to  form  whole  and 
portions  of  adjacent  characters.  In  this  regard,  a  first 
pin  such  as  a  pin  1  may  form  1  1/2  characters  within 

20  its  zone  of  activity,  while  the  next  adjacent  pin  or  pin 
2  will  effectively  "splice"  by  forming  the  remainder  of 
the  character  formed  partially  by  pin  LThis  aspect  of 
pin  assignment  is  revealed  in  Fig.  11,  the  vertical  lines 
in  the  figure,  which  in  effect  will  be  seen  to  be  of  zero 

25  width,  illustrating  the  lateral  zone  of  influence  of  each 
pin. 

The  marking  procedure  itself  may  be  in  three 
modes,  a  "raster"mode,  a  "matrix"  mode,  and  a  "con- 
tinuous"  mode.  During  the  raster  mode,  the  marker 

30  head  assembly  26  is  moved  sequentially  from  row  to 
row  from  the  bottom  of  the  character  region  and  the 
marking  procedure  involving  the  actuations  of  the 
pins  of  array  30  is  one  which  takes  place  in  one  hor- 
izontal  or  transverse  direction  only.  This  procedure 

35  enhances  the  machine  readability  of  the  resultant 
characters,  an  aspect  of  particular  value  with  the  ma- 
chine  reading  of  OCR  characters  and  the  like  formed 
by  the  pins.  As  marking  occurs  in  a  raster  mode,  the 
control  system  of  the  apparatus  1  0  looks  at  each  suc- 

40  cessive  row  of  a  character  matrix  for  an  entire  line  of 
characters  or  field  and  determines  whether  active 
pixels  are  present.  In  the  fly  back  portion  of  the  raster 
locus  of  travel  of  the  marker  head  26,  the  head  will 
move  directly  to  the  position  of  the  next  such  active 

45  pixel  at  that  row  for  any  character,  as  opposed  to  re- 
turning  to  move  between  full  terminal  positions  in 
character-defining  matrix.  Similarly,  as  the  marker 
head  moves  in  its  singular  "marking"  direction,  it  will 
move  to  a  location  representing  an  active  pixel  within 

so  the  row  for  any  character.  Fig.  12  illustrates  a  raster 
mode  locus  of  travel  for  the  pin  array  30  for  four  char- 
acters  of  afield  1,2,  3,4.  Characters  1  and  2  are  within 
the  traversing  cell  of  pin  1,  while  characters  3  and  4 
are  within  the  traversing  cell  of  next  adjacent  pin  2. 

55  The  locus  of  movement  of  pins  1  and  2  is  shown  with 
respect  to  pin  1  ,  each  stop  of  the  marker  head  26  be- 
ing  represented  as  a  solid  dot  along  the  locus.  Note 
that  the  stopping  positions  apply  for  all  active  pixels 
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of  the  four  characters.  This  technique  has  been  found 
to  save  as  much  as  30%  of  the  time  required  to  mark 
a  given  message  field.  Looking  to  Fig.  13,  a  "matrix" 
form  of  locus  of  movement  for  the  marker  head  26  is 
revealed  in  conjunction  with  the  same  four  characters  5 
1  ,  2,  3,  4  and  pins  1  and  2  are  illustrated  in  Fig.  12.  In 
this  form  of  movement,  the  marker  head  26  is  moved 
downwardly  and  upwardly  along  successive  columns 
of  the  matrix.  However,  where  no  active  pixels  remain 
in  the  course  of  locus  of  movement  along  one  given  10 
column  for  an  entire  field  of  characters,  then  the 
marker  head  will  move  to  position  an  appropriate  pin 
at  the  next  active  pixel  of  the  next  column  for  any 
character.  As  before,  the  constraining  of  the  move- 
ment  of  the  marker  head  26  to  define  a  full  matrix  is  15 
avoided  and  savings  in  the  time  required  for  marking 
a  given  field  of  characters  is  realized  to  an  extent  as 
high  as  about  30%. 

Figs.  14-21  combine  as  indicated  by  the  alpha- 
betical  identification  of  nodes  to  provide  a  flow  chart  20 
of  the  control  aspects  of  apparatus  10.  Referring  ini- 
tially  to  Fig.  14,  the  program  is  seen  to  commence  at 
a  point  in  time  where  the  user  has  provided  desired 
information  at  a  personal  computer  (PC),  for  example, 
entering  the  location  of  text  fields,  the  size  of  such  25 
fields,  the  content  of  such  texts,  and  marking  parame- 
ters  defining  how  fast  the  markers  are  to  be  moved, 
the  number  of  pins  within  the  array  30,  as  well  as  their 
spacing  and  the  like.  With  this  input  to  the  apparatus 
10,  printing  for  a  field  or  one  string  of  characters  com-  30 
mences  a  "START  PRINT"  query  as  represented  at 
block  624.  In  the  event  of  a  negative  determination, 
the  program  loops  as  represented  by  loop  line  628. 
However,  with  the  receipt  of  that  command,  as  repre- 
sented  at  line  628,  pin  spacing  data  is  retrieved  as  35 
represented  at  block  630.  Then,  as  represented  at 
block  632,  the  number  of  pins  within  the  array  30  is 
acquired.  Next,  a  determination  is  made  as  represent- 
ed  at  block  634,  as  to  whether  English  or  metric  units 
are  being  utilized  by  the  user.  In  the  event  of  an  af-  40 
firmative  determination,  then  as  represented  at  line 
636  and  block  638,  the  metric  values  at  hand  are  con- 
verted  to  English  units.  In  the  latter  regard,  the  appa- 
ratus  10  program  is  devised  to  work  only  with  English 
units.  The  program  then  continues  to  the  above  noted  45 
block  640  as  represented  at  line  642.  Where  metric 
units  are  not  involved,  then  the  determination  at  block 
634  is  in  the  negative  and  as  represented  at  line  644, 
the  program  proceeds  to  obtain  font  width  and  height 
as  represented  at  block  640.  This  width  and  height  50 
represents  the  number  of  pixels  wide  and  high  of  the 
currently  selected  font  for  the  field  at  hand.  For  exam- 
ple,  matrices  can  be  selected  having  5  x  7,  5  x  9,  7  x 
9,  7  x  11,  11  x  16,  and  secure  font  structuring.  Next, 
as  represented  at  block  646  the  horizontal  spacing  of  55 
each  pixel  or  dot  within  a  font  is  computed  based  upon 
the  user  selected  width  and  height  of  characters  and 
information  of  block  640.  Upon  the  computation  of 

horizontal  spacing,  then  as  represented  at  block  648, 
the  same  computations  are  made  with  respect  to 
vertical  spacing  between  pixels.  The  program  then 
proceeds  as  represented  at  block  650.  The  print  offset 
is  determined,  a  value  representing  the  offset  of  the 
first  character  of  the  field  to  the  left-hand  edge  of  the 
marker  assembly  26.  This  apprises  the  system  of  the 
location  at  which  to  start.  Next,  as  represented  at 
block  652,  the  text  is  parsed  for  special  fields.  In  this 
regard,  the  user  can  provide  certain  control  codes  in 
the  text  message  allowing  the  automatic  insertion  of 
such  information  as  time  of  day,  day  of  week,  month, 
and  the  like.  Additionally,  there  may  be  autoserializa- 
tion  fields  to  apply  serial  numbers  to  progressive 
components  in  an  industrial  environment.  According- 
ly,  the  message  provided  by  the  user  is  examined  for 
this  information.  String  length  then  is  computed  rep- 
resenting  the  number  of  characters  of  the  field  as  de- 
picted  at  block  654.  The  program  then  continues  as 
represented  at  node  A  which  reappears  in  Fig.  15 
leading  to  the  instructions  at  block  656  providing  for 
the  acquiring  of  the  current  position  of  the  marker  as- 
sembly  26.  In  this  regard,  its  position  can  be  essen- 
tially  anywhere  in  a  marking  area.  Knowing  the  mark- 
er  position,  as  represented  at  block  658,  a  determina- 
tion  is  made  as  to  the  distance  to  the  front  of  the  text 
and  as  represented  at  block  660,  a  computation  is 
made  as  to  the  distance  to  the  rear  of  the  text.  Inas- 
much  as  the  device  10  can  print  either  forwards  or 
backwards,  the  appropriate  proximity  is  determined. 
Then,  as  represented  at  block  662,  a  determination  is 
made  as  to  whet  her  t  he  marker  assembly  26  is  closer 
to  the  front  of  the  text  or  to  the  rear  of  it.  In  the  event 
it  is  closerto  the  front,  then  as  represented  at  line  664 
and  block  666,  a  direction  of  forward  is  indicated  and 
the  character  index  is  set  at  the  first  or  leftwardmost 
character  as  represented  at  block  668.  The  program 
then  continues  as  represented  at  line  670. 

In  the  event  the  determination  at  block  662  is  that 
the  assembly  26  is  not  closer  to  the  front  of  the  text, 
then,  as  represented  at  line  672  and  block  674,  the 
direction  for  movement  of  the  apparatus  26  is  set  to 
be  that  of  reverse  and  the  character  index  is  set  at  the 
last  character  of  the  field  text  as  represented  at  block 
676.  The  program  then  continues  as  represented  at 
earlier-noted  line  670  to  the  instructions  at  block  678 
providing  forgiving  the  text  to  the  font  wherein  all  pix- 
els  are  defined  for  that  font  structuring.  In  this  regard, 
the  font  may  be  a  secure  font  having,  for  example,  ad- 
ditional  pixels  added  to  certain  characters  in  conjunc- 
tion  with  a  security  algorithm.  Such  a  security  ar- 
rangement  is  described,  for  example,  in  U.S.  Pat.  No. 
4,883,291  by  Robertson,  entitled  "Dot  Matrix  Formed 
Security  Fonts",  issued  November  28,  1989  and  as- 
signed  in  common  herewith. 

The  program  then  proceeds  to  set  the  font  justi- 
fication  as  represented  at  block  680.  A  user  can  spec- 
ify  during  the  programming  whether  the  font  is  to  be 
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bottom  justified,  center  justified,  or  top  justified.  Next, 
as  represented  at  block  682,  the  row  offset  from  the 
font  is  obtained.  The  row  offset  is  the  bottom  row  of 
the  font  as  it  is  used.  In  this  regard,  that  row  may  have 
descenders  and  thus,  the  bottom  pixel  of  such  de- 
scender  is  determined.  The  program  then  proceeds 
as  represented  at  node  B  which  reappears  at  Fig.  16. 
Referring  to  Fig.  16,  node  B  is  seen  to  lead  to  the  in- 
quiry  at  block  684  where  a  determination  is  made  as 
to  whether  a  continuous  print  mode  is  at  hand.  Such 
a  mode,  as  opposed  to  the  earlier-described  matrix  or 
raster  mode,  is  one  wherein  the  pins  of  array  30  are 
actuated  in  such  a  manner  as  to  generate  a  continu- 
ous  line  without  observable  spacing  between  pixels. 
In  the  event  of  an  affirmative  determination,  then  as 
represented  at  line  686  and  block  688,  a  listing  of  pix- 
els  for  a  sequence  of  characters  is  loaded  and  stored 
for  continuous  print.  Continuous  printing  then  is  car- 
ried  out  as  described  in  connection  with  Figs.  22A- 
22H.  The  program  at  this  juncture  then  is  completed 
following  such  loading  as  represented  at  block  690. 

In  the  event  of  a  negative  determination  in  con- 
junction  with  block  684,  the  operational  mode  will  be 
one  of  the  earlier-noted  matrix  or  raster  techniques. 
Accordingly,  as  represented  at  line  692,  a  bit  map  rep- 
resentation  of  the  field  is  compiled.  However,  as  a 
preliminary  input,  as  represented  at  block  694,  a  pin- 
to-pin  delay  is  sent  to  the  marker  control.  This  delay 
provides  for  a  discrete  interval  between  the  firing  of 
successive  pins.  Withoutthis  insertion,  it  is  statistical- 
ly  possible  and,  indeed  probable,  that  two  or  more 
pins  will  be  fired  simultaneously  to  evoke  a  dynamic 
reaction  at  the  marker  head  26.  This  dynamic  reaction 
must  be  overcome  by  either  an  individual  whose 
hands  are  supporting  the  apparatus  10  or  by  the  rig- 
ging  within  which  it  may  be  mounted.  The  interval  may 
be  very  short,  for  example  1  to  2  milliseconds  be- 
tween  each  successive  pin  actuation.  The  result  is  to 
time  average  the  reaction  force  developed  with  the 
pins  striking  the  surface  to  be  marked.  The  bit  map 
representation  then  is  developed  as  represented  at 
block  696  with  the  obtaining  of  the  matrix  font  dimen- 
sions  of  height  and  width.  Then,  as  represented  at 
block  698,  the  number  of  inches  between  pixels  is 
computed.  Next,  as  represented  at  block  700,  pixel 
spacing  is  computed.  This  is  the  number  of  pixels  be- 
tween  each  character,  for  example  between  the  char- 
acters  "3"  and  "4"  in  Figs.  12  and  13.  Next,  the  max- 
imum  image  size  is  computed,  for  example  the  size  in- 
volves  the  number  of  pixel  columns  bearing  the  entire 
message.  A  block  of  memory  is  reserved  of  corre- 
sponding  size  to  hold  the  compiled  image.  According- 
ly,  a  calculation  basically  representing  the  width  of 
each  character  and  the  number  of  pixels  between 
each  character,  as  well  as  the  number  of  characters 
generates  this  capacity  requirement  as  represented 
at  block  702.  Next,  as  represented  at  block  704,  the 
image  buffer  is  allocated,  a  block  of  memory  being  de- 

rived  from  memory  manager  which  is  cleared  such 
that  it  indicates  no  active  pixels.  This  clearing  proce- 
dure  is  represented  at  block  706.  The  text  then  is  giv- 
en  to  the  matrix  font  similar  to  the  procedure  at  block 

5  678and  shown  intheinstantfigureatblock708.  Pixel 
images  then  are,  in  effect,  laid  out  in  memory  or  com- 
piling  is  commenced  as  represented  at  block  71  0  and, 
as  represented  at  block  712,  the  image  index  is  set  to 
the  offset  pixels,  i.e  the  offset  computed,  for  example, 

10  with  respect  to  the  left-hand  edge  of  the  marker  as- 
sembly. 

The  program  then  continues  as  represented  at 
node  C  which  is  reproduced  in  Fig.  17  leading  to  the 
instructions  at  block  714.  These  instructions  provide 

15  for  initializing  a  counter,  i,  to  zero.  The  program  then 
enters  a  looping  activity  in  conjunction  with  the  deter- 
mination  at  a  loop  designator  716  identifying  whether 
the  index  value,  i,  is  less  than  the  string  length.  This 
index  i  represents  the  number  of  characters  in  the 

20  present  string.  Where  that  number  is  less  than  the 
number  of  characters  of  the  string  length,  then  as  rep- 
resented  at  line  71  8  and  block  720,  the  next  character 
is  acquired  and,  as  represented  at  block  722,  the 
character  is  given  to  the  matrix  font  and,  as  represent- 

25  ed  at  block  724,  an  index,  j,  representing  to  column 
designation  for  each  character  is  set  to  zero.  The  pro- 
gram  then  considers  a  next  loop  designator  726  de- 
termining  whether  the  index,  j,  is  less  than  the  font 
width  or  the  number  of  columns  for  the  character  at 

30  hand.  Where  that  is  the  case,  then  as  represented  at 
line  728  and  block  730,  the  binary  value  for  that  col- 
umn  is  acquired  from  the  font  and,  as  represented  at 
block  732,  the  column  value  is  inserted  into  the  image 
buffer.  Next,  as  represented  at  block  734,  the  image 

35  index  or  the  buffer  is  incremented  and,  as  represent- 
ed  at  block  736,  the  index,  j,  is  incremented  and  the 
looping  procedure  continues  as  represented  by  line 
738  extending  to  designator  726. 

Where  the  determination  at  designator  726  is 
40  that  the  index,  j,  is  not  less  than  the  font  width,  then 

as  represented  at  line  740  and  block  742,  the  pixel 
spacing  is  added  to  the  image  index,  it  being  recalled 
that  the  pixel  spacing  is  the  distance  between  two  ad- 
jacent  characters  as  determined  in  terms  of  pixels. 

45  Then,  as  represented  at  block  744,  the  index,  i,  is  in- 
cremented  and  as  represented  at  loop  line  746,  the 
program  returns  to  the  inquiry  at  loop  designator  716. 
Where  the  index,  i,  is  not  less  than  the  string  length, 
then  as  represented  at  line  748  and  block  750,  a  de- 

50  termination  is  made  as  to  whether  any  lowercase 
character  descender  offset  is  present.  The  bottom  of 
the  image  is  going  to  be  developed  in  conjunction  with 
the  amount  of  that  offset.  Then,  as  represented  at 
block  752,  as  noted,  the  bottom  of  the  image  is  set  as 

55  the  descender  offset  position.  The  top  of  the  image 
is  then  set  and  that  develops  font  height  as  represent- 
ed  at  block  754.  Next,  as  represented  at  block  756, 
the  horizontal  spacing  between  pixels  is  adjusted  to 
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become  an  integer  value.  In  order  to  properly  carry 
out  a  "splice"  between  each  adjacent  pin  of  the  array 
30,  such  an  adjustment  is  required  to  show  continuity 
of  font  structure  for  any  given  character  formed  by 
two  pins.  It  should  be  recalled  that  the  system,  using 
multiple  pins,  is  creating  a  message  that  can  be  of  any 
width,  character  height  or  pitch.  The  horizontal  spac- 
ing  of  the  number  of  pixels  between  adjacent  pins 
should  be  an  integer  value.  Accordingly,  as  represent- 
ed  at  block  758,  a  ratio  defined  as  pixels  between  pins 
(PBP)  is  set  equal  to  the  pixel  spacing  divided  by  the 
horizontal  spacing  between  pins.  If  the  fractional  part 
of  that  ratio  value  PBP  is  not  less  than,  for  example, 
0.05  or  5%,  then  as  represented  at  loop  designator 
760  and  line  762,  the  value  0.00001  is  added  to  hor- 
izontal  spacing  as  represented  at  block  764.  Then, 
the  PBP  value  is  determined  again  as  the  pin  spacing 
divided  by  horizontal  pixel  spacing  as  represented  at 
block  766.  That  value  again  is  tested  as  represented 
at  line  768  at  designator  760.  Where  the  determina- 
tion  at  designator  760  shows  that  the  fractional  part 
of  PBP  is  less  than  0.05,  then  the  program  proceeds 
as  represented  at  line  770  and  node  D.  Experience 
with  the  instant  "splicing"  technique  has  determined 
that  for  more  desirable  results,  the  PBP  ratio  should 
be  0.01,  representing  a  1%  pixel  error. 

Referring  to  Fig.  18,  node  D  reappears  in  con- 
junction  with  block  772,  representing  a  condition 
wherein  the  pixel  between  pins  value  (PBP)  is  an  in- 
teger.  The  program  then  proceeds  to  the  inquiry  at 
block  774  determining  whether  a  matrix  print  mode  is 
present.  This  is  the  print  mode  represented  and  de- 
scribed  in  connection  with  Fig.  13.  In  the  event  of  an 
affirmative  determination  with  respect  to  the  inquiry 
at  block  774,  then  as  represented  at  line  776  and 
block  778,  the  matrix  print  method  is  undertaken  and 
the  direction  for  movement  of  the  marker  assembly 
26  is  set  to  UP  as  depicted  at  block  780.  Then,  as  rep- 
resented  at  block  782,  the  row  is  set  at  the  bottom  of 
the  image  which  will  be  the  bottom  of  the  uppercase 
characters  or  the  bottom  of  a  lower  case  character  if 
any  of  them  are  configured  having  descenders.  As 
represented  at  block  784,  then  the  number  of  rows  to 
be  considered  by  the  program  is  equal  to  the  font 
height  less  the  position  of  the  bottom  of  the  image. 
The  column  count  then  is  set  to  zero  as  represented 
at  block  786  and  a  determination  is  made  at  loop  des- 
ignator  788  as  to  whether  the  column  at  hand  is  less 
than  the  number  of  pixels  between  pins.  In  the  event 
that  it  is,  then  as  represented  at  line  790  and  block 
792,  the  row  count  is  set  equal  to  zero  in  preparation 
for  executing  another  pixel  defined  column.  The  pro- 
gram  then  continues  as  represented  at  node  E  which 
reappears  in  Fig.  19  in  conjunction  with  the  loop  des- 
ignator  794. 

Referring  to  Fig.  19,  at  designator  794,  a  deter- 
mination  is  made  as  to  whether  the  row  count  is  less 
than  the  number  of  rows.  With  an  affirmative  deter- 

mination,  then  evaluation  of  this  column  is  still  under- 
way  and,  as  represented  at  line  796  and  block  798, 
the  bit  for  this  row  is  isolated,  i.e.  the  program  is  re- 
taining  awareness  of  the  bit  present  and  under  print- 

5  ing  consideration  at  this  row.  It  is  now  isolated  for  the 
purpose  of  creating  a  mask  for  that  bit.  Next,  as  rep- 
resented  at  block  800,  the  X  location  is  determined  as 
the  column  numbertimesthe  horizontal  spacing.  This 
gives  the  X  or  transverse  coordinate  for  pin  position- 

10  ing.  Then,  as  represented  at  block  802,  the  corre- 
sponding  Y  location  or  vertical  location  that  the  mark- 
er  must  move  to  is  set  equal  to  the  current  row  less 
the  row  offset  times  the  vertical  spacing.  It  now  is 
necessary  to  determine  all  pins  which  are  required  to 

15  fire  at  this  particular  marker  assembly  26  location. 
Thus,  as  represented  at  block  804,  the  pin  mask  is  set 
to  zero,  i.e.  it  is  blanked  out.  Then,  as  represented  at 
block  806,  a  pin  number  account  is  set  to  zero  and  the 
program  will  then  cycle  for  all  possible  pins  for  this  lo- 

20  cation.  Accordingly,  as  represented  at  designator 
808,  a  determination  is  made  as  to  whether  the  pin 
number  is  less  than  the  number  of  pins.  Where  that 
is  the  case,  then  as  represented  at  line  81  0  and  block 
8  1  2,  a  determination  is  made  as  to  where  in  t  he  image 

25  the  array  30  is.  Accordingly,  an  image  pointer  is  set 
equal  to  the  column  number  present  plus  the  number 
of  pixels  times  the  pixel  numberthat  locate  the  pin  un- 
der  consideration.  Each  of  the  pins  of  the  array  30  is 
at  some  location  within  the  image.  This  calculation 

30  determines  where  in  the  image  each  pin  is  and  as  the 
image  is  scanned,  the  program  looks  for  each  of  the 
possibly  active  pins  and  the  inquiry  as  at  block  814  is 
made  determining  is  the  image  at  that  location  in 
memory  where  the  pin  is  now  active  or  not.  If  it  is  ac- 

35  tive  in  the  mask,  then  as  represented  at  line  816  and 
block  818,  the  pin  mask  is  set  for  this  particular  pin. 
The  program  then  continues  to  the  next  pin  number 
as  represented  at  block  820.  This  next  pin  number  is 
considered  where  the  determination  at  block  814  is 

40  that  an  active  image  is  not  present  at  the  location  un- 
der  consideration  as  represented  at  line  822.  With  ad- 
vancement  to  the  next  pin  number,  as  represented  at 
line  824,  the  program  loops  until  it  has  checked  all 
pins  of  the  array  30,  for  example  six  pins.  A  mask  will 

45  be  provided  for  all  six  corresponding  bits  with  those 
bits  set  for  the  pins  that  have  active  orf  iring  locations. 

Where  the  determination  at  designator  808  is 
that  the  pin  number  is  not  less  than  the  number  of 
pins,  then  the  program  proceeds  as  represented  at 

so  line  826  and  node  G.  Referring  to  Fig.  20,  node  G  re- 
appears  with  the  inquiry  at  block  828  determining 
whether  any  bit  is  active  in  the  mask,  i.e.  is  the  pin 
mask  active.  It  has  been  determined  that  about  30% 
of  locations  are  not  active  for  any  of  the  entire  array 

55  30  of  six  marker  pins,  i.e.  nothing  requires  printing.  At 
that  condition  wherein  no  printing  is  requriedforall  six 
pins,  then  as  represented  at  line  830,  nothing  is  ac- 
tive;  the  assembly  26  is  not  moved  to  that  location, 
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and  a  determination  is  made  that  the  program  is  to  go 
to  a  next  block  in  memory  to  determine  if  active  pin 
locations  are  at  that  next  position.  That  next  block  will 
be  up  if  the  current  direction  is  up.  Accordingly,  as 
represented  at  block  832,  a  determination  is  made  as 
to  whether  the  direction  of  movement  currently  at 
hand  is  up.  If  it  is,  then  as  represented  at  line  834  and 
block  836,  the  row  is  incremented.  Conversely,  where 
the  direction  is  not  up,  i.e.  it  is  down,  then  as  repre- 
sented  at  line  838  and  block  840,  the  row  indication 
is  decremented.  Then,  as  represented  at  line  842 
emanating  from  both  blocks  836  and  840,  and  as  rep- 
resented  at  block  844,  the  row  count  is  incremented 
and  the  program  proceeds  to  node  H  as  represented 
at  line  846.  Node  H  reappears  in  Fig.  19. 

Where  the  determination  at  block  828  is  in  the  af- 
firmative,  then  as  represented  at  line  831  and  block 
833,  instruction  is  provided  to  drive  the  assembly  26 
to  an  appropriate  print  location.  Then,  as  represented 
at  block  835,  the  appropriate  print  pixels  or  active  pix- 
els  for  that  location  are  printed.  The  program  then 
continues  as  represented  at  lines  837  and  380  to  the 
earlier-discussed  inquiry  at  block  832.  As  before,  the 
routine  then  progresses  to  node  H  which  reappears  in 
Fig.  19  with  line  848. 

Returning  to  Fig.  19,  where  the  determination  at 
designator  794  is  that  the  row  count  is  not  less  than 
the  number  of  rows,  then  the  matrix  pattern  will  be  at 
the  bottom  or  top  of  a  maneuver.  Accordingly,  as  rep- 
resented  at  line  850  and  block  852,  a  determination 
is  made  as  to  whet  her  t  he  t  hen  current  d  irection  is  up- 
ward.  Where  that  is  true,  then  as  represented  at  line 
854  and  block  856,  the  row  which  is  then  present  is 
at  the  top  of  the  image.  Accordingly,  as  represented 
at  block  858,  the  direction  for  movement  of  assembly 
26  is  then  downwardly.  Additionally,  as  represented  at 
block  860,  the  column  position  is  incremented. 

Where  the  determination  at  block  852  is  in  the 
negative,  then  as  represented  at  line  862  and  block 
864,  the  row  at  hand  is  atthe  bottom  of  the  image  and, 
as  represented  at  block  866,  the  direction  for  move- 
ment  of  the  marker  assembly  26  then  is  upward.  The 
program  then  continues  as  represented  at  line  868 
which  is  directed  to  the  column  incrementation  in- 
struction  at  block  860,  thence,  as  represented  at  line 
870  to  node  F. 

Referring  again  to  Fig.  18,  node  F  reappears  in 
conjunction  with  line  872  leading  to  the  designator 
788  questioning  whether  the  column  at  hand  is  less 
than  the  number  of  pixels  between  pins  or  has  the 
marker  component  26  now  moved  to  its  furthest  lat- 
eral  or  transverse  extent.  With  an  affirmative  answer, 
the  matrix  locus  pattern  thus  far  discussed  again  is 
repeated  until  such  time  as  the  terminal  position  orfi- 
nal  active  pixel  positioning  has  been  accomplished. 
Where  the  determination  at  designator  788  is  in  the 
negative,  then  printing  is  complete  and  as  represent- 
ed  at  line  874  and  block  876,  the  image  buffer,  now 

fully  used,  is  deleted  and  the  program  continues  as 
represented  at  line  878  and  node  K.  Referring  mo- 
mentarily  to  Fig.  16,  node  K  reappears  in  conjunction 
with  line  880  leading  to  a  completion  or  "DONE"  indi- 

5  cator  690. 
Returning  to  Fig.  18,  where  a  matrix  print  mode 

is  not  at  hand  as  determined  at  block  774,  then,  as 
represented  at  line  882  and  block  884,  a  raster  print 
method  or  mode  is  discussed  in  connection  with  Fig. 

10  12  as  at  hand.  It  may  be  recalled  that  with  this  tech- 
nique  the  marker  head  26  prints  in  one  transverse  di- 
rection  only  following  which  it  will  "fly  back"  to  a  start- 
ing  or  active  pixel  position  and  recommence  trans- 
verse  or  X-axis  movement.  In  this  mode,  printing  oc- 

15  curs  from  the  bottom  of  the  image  upwardly  and  thus, 
as  represented  at  block  886,  the  row  is  set  as  being 
at  the  bottom  of  the  image.  The  program  then  contin- 
ues  to  the  determinator  888  where  a  query  is  made 
as  to  whether  the  row  number  is  less  than  the  font 

20  height.  If  it  is  less,  then  the  printing  activity  has  not 
been  completed,  upward  movement  still  being  called 
for.  Accordingly,  with  an  affirmative  determination, 
then  as  represented  at  line  890  and  block  892,  the 
column  number  is  set  to  zero  and,  as  represented  at 

25  designator  894,  a  determination  is  made  as  to  wheth- 
er  the  column  is  less  than  the  number  of  pixels  be- 
tween  pins.  With  an  affirmative  determination,  then 
all  columns  which  can  be  traversed  have  been  so  trav- 
ersed  and  the  program  continues  as  represented  at 

30  896.  With  a  negative  determination  at  designator  894, 
then  as  represented  at  loop  line  898,  the  program  re- 
turns  to  the  inquiry  at  designator  888  and  continues. 
Where  the  determination  at  designator  888  is  in  the 
negative,  in  that  the  row  number  is  not  less  than  the 

35  font  height,  then  printing  is  completed  and,  as  repre- 
sented  at  line  900,  the  image  buffer  is  deleted  as  rep- 
resented  at  block  876  and  the  program  continues  as 
represented  at  line  880  in  Fig.  16  to  assume  a  DONE 
state. 

40  Returning  to  Fig.  18,  where  the  determination  at 
designator  894  is  that  not  all  columns  have  been  trav- 
ersed,  then,  as  represented  at  line  896  and  block  902, 
the  X  location  is  set  to  be  the  column  number  times 
the  horizontal  spacing.  Similarly,  as  represented  at 

45  block  904,  the  "y"  or  vertical  location  is  set  as  the  row 
then  at  hand  minus  the  row  offset  times  vertical  spac- 
ing.  The  program  then  continues  as  represented  at 
line  906  and  node  I. 

Referring  to  Fig.  21  ,  node  I  reappears  in  conjunc- 
50  tion  with  line  908  leading  to  block  910  providing  for 

the  blanking  of  the  pin  mask.  Then,  as  represented  at 
block  912,  the  pin  number  is  set  to  zero  and,  as  rep- 
resented  at  loop  designator  914,  a  determination  is 
made  as  to  whether  the  pin  number  at  hand  is  less 

55  than  the  number  of  pins.  Where  that  is  true,  then  as 
represented  at  line  916  and  block  91  8,  an  image  poin- 
ter  is  provided  for  the  current  pin.  In  this  regard,  the 
image  pointer  is  the  column  number  plus  the  number 
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of  pixels  times  the  pin  number.  Next,  a  determination 
is  made  as  to  whether  the  image  at  that  pin  pointer  is 
active  or  not,  as  represented  at  block  920.  Where  the 
image  at  the  image  pointer  is  active  for  this  bit,  then 
as  represented  at  line  922  and  block  924,  that  bit  in 
the  pin  mask  is  ORed  in.  The  program  then  proceeds 
as  represented  at  line  926  to  the  next  pin  and  bit  as 
represented  at  block  928.  Where  the  determination  at 
block  920  is  in  the  negative  and  the  pin  position  is  not 
active,  then  as  represented  at  line  930  and  block  928, 
the  program  looks  to  the  next  pin  and  bit  and  loops  as 
represented  at  loop  line  932  to  the  inquiry  at  designa- 
tor  914.  Upon  completion,  a  pin  mask  is  developed 
which  shows  which  pins  will  be  active  at  this  X,Y  lo- 
cation  of  the  character  string  or  field. 

Returning  to  designator  914,  where  the  pin  num- 
ber  is  not  less  than  the  number  of  pins,  then  all  pins 
have  been  considered  for  the  pin  mask  and,  as  rep- 
resented  at  line  934  and  block  936,  a  determination 
is  made  as  to  whether  the  pin  mask  is  active.  In  the 
event  that  it  is,  then  the  marker  is  moved  to  the  active 
location  as  represented  at  line  938  and  block  940. 
Then,  as  represented  at  block  942,  the  pixels  are 
printed  for  that  position  and  the  program  returns  to 
node  J  as  represented  at  line  944.  Similarly,  where 
the  pin  mask  is  not  active  as  determined  at  block  936, 
then  as  represented  at  lines  946  and  944,  the  pro- 
gram  returns  as  represented  at  node  J.  In  effect,  if  the 
mask  is  not  active,  nothing  occurs  and  motion  is  thus 
conserved  to  save  printing  time. 

Node  J  reappears  in  Fig.  18  in  connection  with 
line  948  leading  to  the  designtor  determination  as  to 
whether  the  column  at  hand  is  less  than  the  number 
of  pixels  between  pins.  Accordingly,  the  program  will 
now  look  to  the  next  column  and  check  it  for  active  pix- 
el  positions.  As  represented  by  the  continuation  of  the 
program  from  Fig.  18  the  procedure  is  continued  until 
all  columns  between  pins  have  been  checked  for  ac- 
tive  pixels  and  a  further  check  is  made  to  determine 
if  all  rows  are  completed.  It  may  be  observed  that  in 
the  instant  raster  mode  of  operation,  there  is  no  no- 
tion  of  direction  of  the  program.  By  contrast,  in  the 
matrix  mode,  the  program  has  been  required  to  re- 
main  aware  of  the  direction  as  to  whether  it  is  up  or 
down.  In  the  raster  mode,  where  the  X  location  of  the 
pixel  is  calculated,  that  automatically  causes  a  re- 
trace. 

Returning  to  Fig.  16,  where  a  continuous  print 
mode  is  at  hand  as  represented  at  block  688,  the  print 
time  saving  factors  are  not  at  hand,  discrete  and  indi- 
vidually  identifiable  pixels  not  being  printed.  However, 
it  has  been  found  advantageous  to  assign  printing 
duty  to  one  pin  in  the  array  30  at  a  time  such  that  each 
pin  completes  the  printing  of  characters  within  its  cell 
of  influence  as  determined  by  the  initial  set-up  para- 
meters  as  to  font  structuring  and  the  like.  Following 
the  completion  of  all  printing  within  that  cell  of  influ- 
ence,  then  the  marker  assembly  26  is  returned  to  a 

HOME  or  starting  terminal  position  and  the  next  pin 
or  at  least  another  pin  then  carries  out  the  same  ac- 
tivity  to  the  exclusion  of  all  other  pins. 

As  described  in  conjunction  with  block  688  of  Fig. 
5  16,  the  present  system  is  capable  of  carrying  out  a 

continuous  printing  mode  of  operation.  Following  the 
loading  of  a  listing  of  pixels  for  a  sequence  of  charac- 
ters  in  this  mode,  the  program  for  the  system  enters 
a  procedure  as  described  in  conjunction  with  the  flow 

10  charts  represented  at  Fig.  22A-22H.  Looking  to  Fig. 
22A,  the  continuous  print  mode  is  commenced  at 
node  100,  whereupon,  as  represented  at  block  1002, 
instructions  are  provided  to  send  a  zero  millisecond 
pin-to-pin  delay  to  the  marker.  It  may  be  recalled  that 

15  a  slight  pin-to-pin  delay  is  provided  in  conjunction  with 
the  formation  of  pixel  matrix  characters  to  avoid  the 
dynamics  associated  with  simultaneously  striking 
pins.  This  instruction,  in  effect,  negates  that  delay. 
Then,  as  represented  at  block  1004,  the  pin  mask  is 

20  set  to  1  to  isolate  the  first  pin.  The  program  starts  with 
a  first  pin  and  runs  through  the  message  being  print- 
ed  as  many  times  as  there  successively  used  pins, 
only  printing  a  pixel  belonging  or  assigned  to  that  pin 
with  which  the  program  is  working.  Thus,  with  this  in- 

25  struction,  the  first  pin  is  isolated  and  the  pin  identifi- 
cation  is  shifted  with  each  iteration,  i.e.  as  the  full  win- 
dow  of  performance  for  that  pin  is  completed.  Then, 
as  represented  at  block  1006,  the  pin  count  is  initial- 
ized  at  zero.  The  program  then  carries  through  a  loop 

30  1  node  as  represented  at  symbol  1  008  and  addresses 
the  inquiry  at  block  1010.  At  this  position,  the  inquiry 
is  made  as  to  whether  the  pin  count  is  less  than  the 
number  of  pins  installed  and  this  query  is  logically 
ANDed  with  the  question  as  to  whether  the  program 

35  has  been  aborted.  The  program  progresses  through 
the  message  or  text  being  printed  once  for  each  pin 
installed,  printing  only  those  pixels  which  are  within 
reach  of  the  "current  pin".  When  a  next  adjacent  pin 
is  switched  to,  the  program  starts  that  next  pin  with 

40  the  character  position  left  from  before.  Accordingly, 
the  program  continues  as  long  as  the  pin  count  is  less 
than  the  number  of  pins  installed.  Where  a  negative 
determination  is  made  with  respect  to  block  1010, 
then  as  represented  at  line  1012  and  the  "END"  lab- 

45  eled  node,  the  program  diverts  to  its  end  point.  With 
an  affirmative  determination  at  block  1010,  then  as 
represented  at  line  1014  and  block  1016,  the  next  pin 
flag  is  set  to  "FALSE".  The  next  pin  flag  indicates, 
when  "TRUE",  that  pixels  for  the  next  pin  have  been 

so  found  and  that  the  program  should  switch  pins  when 
the  current  character  as  worked  on  by  the  current  pin 
are  completed.  In  effect,  where  the  program  encoun- 
ters  pixels  that  belong  to  the  next  pin,  a  splicing  sit- 
uation  is  at  hand  such  that  when  the  instant  character 

55  is  finished  with  respect  to  the  capability  of  the  current 
pin,  then  it  is  necessary  to  progress  to  the  next  pin  of 
the  array.  The  present  instruction  provides,  in  effect, 
an  initialization  of  the  next  pin  flag  to  FALSE. 

18 



35 EP  0  591  092  A2 36 

The  program  then  proceeds  as  represented  at 
block  1018  to  provide  that  an  index  counter,  i,  is  set 
to  zero.  This  counter  is  used  to  count  the  number  of 
characters  which  have  been  printed  for  the  current 
pass  of  the  marker.  The  program  then  proceeds 
through  loop  node  1020  and  thence  to  the  inquiry 
posed  at  block  1022.  At  this  inquiry,  a  determination 
is  made  that  the  program  will  continue  with  this  pass 
and  the  currently  employed  pin  if  it  has  not  reached 
the  end  of  the  string  being  printed  and  an  abort  signal 
has  not  been  received,  and  the  program  has  not  en- 
countered  pixels  assigned  to  the  next  pin.  In  the  event 
of  a  negative  determination,  then  as  represented  at 
line  1  025  and  node  L,  the  program  will  be  seen  to  pro- 
gress  towards  its  end  point.  In  the  event  of  an  affir- 
mative  determination,  then  as  represented  at  line 
1  024  and  block  1  026,  the  FONT  is  accessed  by  giving 
the  current  character  at  the  character  index  to  it.  The 
FONT,  in  turn,  feeds  the  row/column  coordinate  pairs 
identifying  the  first  pixel  to  be  printed.  These  coordin- 
ate  pairs  appear  in  the  order  they  were  trained,  i.e. 
the  locus  of  movement  of  character  definition.  The 
program  then  proceeds  as  represented  at  block  1  028 
which,  as  noted  above,  provides  for  obtaining  the  co- 
ordinate  pair  in  row  and  column  from  the  font.  Then, 
as  represented  at  block  1030,  a  determination  is 
made  as  to  whether  there  is  a  coordinate  pair  along 
with  a  logical  ANDing  determination  as  to  whether  or 
not  an  ABORT  condition  is  at  hand.  Where  the  pro- 
gram  has  completed  all  of  the  coorindates  for  a  given 
character,  the  FONT  evokes  a  NULL.  Thus,  the  pres- 
ent  inquiry  tests  as  to  whether  a  coordinate  pair  was 
obtained  from  the  font,  as  well  as  a  test  is  provided  for 
determining  the  presence  or  absence  of  an  ABORT 
condition.  This  ABORT  condition  is  tested  perioidical- 
ly  to  ensure  that  the  system  stops  immediately  upon 
the  occasion  of  such  an  ABORT  condition.  In  the 
event  of  a  negative  determination,  then  the  program 
progresses  as  represented  at  line  1032  and  node  M 
which  reappears  toward  the  end  of  the  program  list- 
ing. 

Where  an  affirmative  determination  has  been 
made  with  respect  to  the  inquiry  at  block  1030,  then 
as  represented  at  line  1034  and  block  1036,  the  start- 
ing  row  position  and  the  start  column  position  are  de- 
termined.  This  will  be  the  coordinate  row  position  less 
the  row  offset  and  the  coordinate  column  position. 
The  program  starts  at  this  position.  Then,  as  repre- 
sented  at  block  1038,  the  next  coordinate  pair  are  ob- 
tained  from  the  font.  Underthe  continuous  print  mode 
of  operation,  pixels  are  filled  in  between  the  "base" 
trained  font  pixels.  Accordingly,  a  first  coordinate  pair 
is  obtained  and  then  the  next  coordinate  pair  are  ob- 
tained,  whereupon  the  program  fills  in  between  them 
to  define  a  continuous  locus. 

The  program  then  proceeds  as  represented  by 
node  N  to  the  inquiry  at  block  1040  shown  in  Fig.  22B 
wherein  a  determination  is  made  as  to  whet  her  a  next 

coordinate  pair  is  present.  Where  an  affirmative  de- 
termination  is  made  with  respect  to  the  inquiry  at 
block  1040,  then  as  represented  at  line  1042,  the  pro- 
gram  proceeds  to  instructions  at  block  1044.  In  gen- 

5  eral,  the  program  provides  for  a  continuous  f  illling  in 
of  indentations  between  adjacent  pixels.  Normally, 
this  will  mean  that  the  direction  from  one  pixel  to  a 
next  adjacent  one  will  be  at  0°,  90°,  or  45°.  However, 
certain  characters  require  a  locus  between  pixels 

10  which  are  not  adjacent  and  are  not  at  these  matrix  re- 
lated  positions.  Should  only  matrix  related  positions 
be  filled  in  between,  then  a  jagged  appearance  would 
appear  in  lines  not  connecting  along  the  noted  45°  or 
orthogonal  directions.  The  font  may  be  "trained"  in 

15  the  font  generator,  certain  pixels  being  trained  with 
what  is  referred  to  as  a  "pen-up"  flag.  With  this  ap- 
proach,  the  program  allows  the  font  trainer  to  "skip" 
pixels.  Normally,  the  program  does  not  connect  pixels 
which  are  separated  by  more  than  one  row/column  re- 

20  lationship.  Accordingly,  block  1044  provides  for  set- 
ting  a  skip  flag  as  equal  to  a  pen-up  flag.  If  the  pen 
is  up,  then  this  particular  coordinate  pair  is  skipped, 
the  skip  flag  being  set.  The  program  then  looks  to  the 
inquiry  at  block  1046  wherein  a  determination  is 

25  made  as  to  whether  the  skip  flag  is  set.  In  the  event 
that  it  is,  then  as  represented  at  line  1048  and  block 
1050,  the  next  coordinate  pair  is  acquired  from  the 
font.  The  program  then  inquires  as  represented  at 
block  1052  as  to  whether  a  pen-up  condition  is  pres- 

30  ent  for  this  coordinate  pair.  In  the  event  that  it  is,  then, 
as  represented  at  lines  1054  and  1048,  the  program 
loops  again  to  the  instructions  at  block  1  050  providing 
for  the  acquisition  of  a  next  coordinate  pair  from  the 
font.  In  the  event  that  the  inquiry  at  block  1052  or  at 

35  block  1046  is  in  the  negative,  then,  as  represented  at 
lines  1056  and  1058,  the  program  proceeds  to  the  in- 
structions  at  block  1060.  The  instructions  at  block 
1  060  provide  for  locating  the  row/column  coordinates 
for  the  next  column  and  row  as  adjusted  for  the  row 

40  offset.  This  row  offset,  as  noted  above,  accommo- 
dates  for  lower  case  descenders.  The  program  then 
proceeds  as  represented  at  block  1  062  to  carry  out  an 
exercise  of  the  Pythagorean  theorum.  In  this  regard, 
the  position  of  the  start  column  is  subtracted  from  the 

45  end  point  or  next  column  and  that  value  is  squared. 
Additionally,  the  position  of  the  START  row  is  sub- 
tracted  from  the  next  row  value  or  end  row  value  and 
that  value  is  squared.  The  square  root  of  the  sum  of 
those  values  then  is  taken  and  assigned  as  the  pixel 

so  separation  between  the  present  and  the  next  coordin- 
ate.  Then,  as  represented  at  block  1064,  that  separa- 
tion  is  multiplied  by  a  pixel  density  in  pixels  per  inch 
to  provide  forthe  number  of  "f  ill  in"  pixels  between  co- 
ordinates.  The  pixel  density  generally  is  user  speci- 

55  f  ied  and,  the  value  0.5  is  added  to  truncate  the  value 
to  a  whole  number  of  pixels.  The  program  then  pro- 
ceeds  as  represented  at  1066  and  node  O  associated 
therewith. 

19 
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Where  the  inquiry  at  block  1040  results  in  a  neg- 
ative  detemination,  then  there  is  no  next  pixel  and  the 
coordinate  pair  is  the  last  for  this  character.  Accord- 
ingly,  as  represented  at  line  1068  and  block  1070,  the 
next  pixel  is  set  as  the  one  currently  under  consider- 
ation,  only  one  pixel  being  printed  or  formed  wherein 
the  marking  for  that  location  is  completed.  As  seen  at 
block  1  070,  the  next  row  is  set  to  the  START  row  and 
the  next  column  is  set  to  the  START  column,  the  num- 
ber  of  pixels  being  set  at  1  .  The  program  then  contin- 
ues  as  represented  at  line  1072  to  the  node  O  at  line 
1066. 

Referring  to  Fig.  22C,  node  O  appears  as  repre- 
sented  at  block  1074,  a  determination  is  made  as  to 
the  fractional  change  in  row  and  column  positioning 
required  for  each  of  the  "fill  in"  pixels.  The  number  of 
fill  in  pixels  between  two  end  points  is  known  at  this 
juncture.  The  forthcoming  fill  in  pixel  will  be  more  than 
likely  at  some  angle  and  it  is  necessary  to  determine 
how  much  space  in  row  and  column  terms  is  required 
for  movement.  Generally,  the  movement  will  repre- 
sent  the  hypotenuse  of  a  small  triangle.  Accordingly, 
the  instructions  at  block  1074  provide  for  the  compu- 
tation  of  pixel  separation,  a  delta  column  being  devel- 
oped  as  the  difference  between  the  next  column  pos- 
ition  and  the  START  column  divided  by  the  number  of 
pixels  and  the  delta  row  value  being  the  next  row  less 
the  starting  row  value  divided  by  the  numberof  pixels. 
Then,  as  represented  at  block  1076,  the  current  or 
this  row  is  set  to  the  start  row  and  this  current  column 
position  is  set  as  the  start  column. 

The  program  then  progresses  to  the  inquiry  at 
block  1080  wherein  a  determination  is  made  as  to 
whether  a  skip  flag  is  set.  Under  a  continuous  mode 
of  performance,  the  program  only  will  fill  in  between 
two  adjacent  pixels  of  a  given  character  matrix.  Ac- 
cordingly,  as  represented  at  line  1082,  where  the  skip 
flag  is  not  set,  a  test  is  carried  out  to  assure  that  the 
pixel  being  printed  to  is  not  further  away  than  one  pix- 
el  spacing  in  either  a  row  or  column  direction.  The 
tests  corresponding  therewith  as  set  forth  at  block 
1084  compare  the  absolute  value  of  the  difference 
between  the  next  column  position  and  the  start  col- 
umn  position  with  respect  to  1  and  similarly,  determi- 
nes  whether  the  absolute  value  of  the  next  row  pos- 
ition  less  the  row  start  position  is  greater  than  the  val- 
ue  of  1  .  In  the  event  of  an  affirmative  determination, 
then  as  represented  at  line  1086  and  block  1088,  the 
number  of  pixels  to  print  is  set  to  1  and  the  program 
proceeds  as  represented  at  line  1090.  Where  the  in- 
quiry  at  block  1080  is  in  the  affirmative  and/or  the  in- 
quiry  at  block  1084  is  in  the  negative,  then  as  repre- 
sented  at  lines  1092  and  1094,  the  program  diverts  to 
line  1090  which  is  seen  to  be  directed  to  the  instruc- 
tions  at  block  1096.  At  the  latter  block,  the  program 
sets  a  variable,  J  to  zero.  This  variable,  J,  is  used  to 
count  the  number  of  pixels  that  will  ultimately  amount 
to  the  number  computed  as  described  above. 

The  program  then  proceeds  as  represented  by 
loop  3  symbol  1098  to  the  inquiry  at  block  2004.  That 
inquiry  determines  whetherthe  pixel  counter,  J,  value 
is  greater  than  the  number  of  pixels  required  to  be 

5  printed.  The  inquiry  also  is  logically  ANDed  with  a  de- 
termination  as  to  whether  an  ABORT  condition  is  at 
hand.  In  the  event  of  a  negative  determination,  then 
the  program  continues  as  represented  at  line  2006 
and  node  M.  With  an  affirmative  determination  to  the 

10  inquiry  at  block  2004,  then  as  represented  at  line 
2008  the  program  progresses  to  node  P.  Node  P  re- 
appears  in  Fig.  22D.  Referring  to  that  figure,  from 
node  P  the  program  considers  the  instructions  at 
block  2010.  At  block  2010,  the  x  pixel  location  or  coi- 

rs  umn  related  spacing  and  the  y  pixel  location  or  row  re- 
lated  location  of  the  marker  for  the  current  pixel  are 
determined.  In  this  regard,  the  program  commences 
with  the  character  being  worked  on,  i.e.  a  determina- 
tion  is  made  as  to  where  the  character  commences 

20  and  to  that  is  added  column  and  row  spacing.  This 
provides  data  as  to  the  actual  x  and  y  coordinates  rel- 
ative  to  the  start  of  the  message,  as  opposed  to  the 
marker  reference  itself.  The  latter  computation  or  de- 
termination  is  made  later  in  the  program.  Note  that 

25  the  instructions  at  block  201  0  call  for  the  determina- 
tion  of  a  pixel  location  x  as  being  equal  to  the  charac- 
ter  index  multiplied  by  character  spacing  plus  the  cur- 
rent  column  position  multiplied  by  horizontal  spacing. 
Similarly,  the  pixel  location  coordinate  y  is  deter- 

30  mined  as  the  current  row  multiplied  by  the  vertical 
spacing  of  pixels. 

Practitioners  normally  consider  text  as  being 
printed  on  a  left-to-right  basis  in  a  perfectly  horizontal 
frame.  The  present  marker  system  has  the  ability  to 

35  rotate  that  horizontal  orientation  through  any  desired 
angle.  For  example,  where  the  rotation  is  90°,  then 
the  printing  becomes  vertical.  Where  the  rotation  is  to 
the  extent  of  180°,  then  printing  becomes  upside 
down.  A  conventional  mathematics  function  is  used 

40  for  this  purpose.  Block  2012  provides  for  the  rotation 
of  pixel  locations  x  and  y  through  afield  rotation  angle 
which  is  specified  by  the  operator  or  user  at  the  time 
of  set-up  of  the  system.  The  program  then  commenc- 
es  to  the  instructions  at  block  2014.  At  this  juncture, 

45  the  program  pixel  location  is  relative  to  the  start  of  the 
field  of  character  string.  Now  an  adjustment  is  made 
to  make  that  location  an  absolute  marker  coordinate. 
This  is  carried  out  by  adding  the  field  location  for  x 
and  y  to  the  respective  pixel  locations  for  x  and  y. 

so  The  program  then  continues  as  described  in  con- 
junction  with  descriptive  block  2016  which  highlights 
the  program  activities  to  follow.  The  x,  y  location  of 
the  marker  head  is  now  determined  and  it  is  neces- 
sary  to  determine  which  of  the  marker  pins  is  respon- 

55  sible  for  printing  pixels  within  that  x,  y  location. 
Looking  to  block  2020,  instructions  are  provided 

for  generating  a  mask  for  a  "phantom"  pin.  It  is  known 
how  many  pins  there  are  in  the  cartridge  at  the  time 

20 
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of  set-up.  It  is  important  to  determine  that  the  system 
is  not  attempting  to  print  a  pixel  which  is  beyond  the 
reach  of  all  pins  of  the  cartridge.  Thus,  a  mask  is  de- 
veloped  that's  represented  as  a  bit  in  a  position  be- 
yond  the  last  physical  pin.  Thus,  the  term  "phantom" 
pin.  This  is  a  location  where  a  pin  would  be  if  there 
were  one  more  additional  pin  within  the  array  thereof. 
The  mask  will  be  seen  to  be  used  at  a  later  point  in  the 
program  with  respect  to  the  last  pin  to  print.  The  pro- 
gram  then  proceeds  to  the  instructions  at  block  2022 
wherein  the  pin  mask  designated  "PIN"  is  initialized  to 
a  binary  1  representing  a  first  pin.  The  mask  will  be 
shifted  as  required.  The  program  then  looks  to  the  in- 
quiry  posed  at  block  2024  wherein  a  determination  is 
made  as  to  whether  the  pixel  location,  x,  is  greater 
than  the  pin  spacing.  It  should  be  recalled  that  pin 
spacing  is  pin-to-pin  spacing.  In  the  event  of  an  affir- 
mative  determination,  then  as  represented  at  block 
2028,  the  "PIN"  mask  is  shifted  left  one  bit  for  a  next 
pin.  The  program  substracts  that  pin  spacing  from  the 
pixel  location  x  to  move  it  into  the  next  pin's  area,  i.e., 
the  program  adjusts  the  pixel  x  location  so  that  it  is 
within  reach  of  a  single  pin  and  functions  to  determine 
which  pin  that  is.  This  component  of  the  program 
loops  as  represented  by  line  2030  extending  from 
block  2028  to  the  inquiry  at  block  2024.  Where  a  neg- 
ative  determination  with  respect  to  the  query  posed 
at  that  block  is  made,  then  the  program  continues  as 
represented  at  line  2032  and  node  Q. 

Referring  to  Fig.  22E,  node  Q  reappears  direct- 
ing  attention  to  the  commentary  provided  at  block 
2034.  Block  2034  describes  a  procedure  which  fol- 
lows.  The  actual  x  coordinate  or  directional  travel  of 
the  carriage  or  platform  typically  has  a  travel  or  range 
of  movement  which  is  greater  than  the  pin-to-pin 
spacing.  For  example,  that  travel  may  be  0.75  inch, 
while  the  pin  spacing  may  be  0.5  inch.  This  permits 
an  expansion  of  the  range  of  marking  or  marking  win- 
dow  of  the  last  pin  to  the  extent  of  the  platform  travel. 
Accordingly,  referring  to  block  2036,  an  inquiry  is 
posed  as  to  whether  the  required  "PIN"  is  the  phan- 
tom  pin  as  determined  above  which  is  located  in  theo- 
ry  beyond  the  last  pin.  This  test,  in  effect,  determines 
whether  or  not  the  last  located  pin  is  the  phantom  pin. 
However,  the  test  opens  an  inquiry  as  to  whether  the 
last  pin  itself  will  be  able  to  reach  beyond  a  normal 
window  of  printing,  for  example,  1/2  inch  pin-to-pin 
spacing,  due  to  the  larger  travel  of  the  platform  or 
carriage,  i.e.  3/4  inch.  In  the  event  of  an  affirmative 
determination  to  that  inquiry,  then  as  represented  at 
line  2038  and  block  2040,  a  determination  is  made  as 
to  whether  that  pin  location  along  the  x  axis  is  less 
than  "MAX_x"  less  the  pin  spacing.  The  term 
"MAX_x"  represents  the  maximum  x  axis  travel  range 
for  the  carriage  or  platform  carrying  the  marker  pin 
array.  For  the  example  above,  where  the  pin-to-pin 
spacing  is  0.5  inch  and  the  maximum  travel  or 
"MAX_x"  is  0.75  inch,  then  this  test  determines 

whether  the  required  pin  location  is  within  that  0.25 
inch  leeway  for  the  last  pin.  In  effect,  all  other  pins  of 
the  array  can  print  only  within  the  pin-to-pin  spacing 
orthe  pin  spacing  window.  However,  this  requirement 

5  does  not  hold  for  the  last  pin,  the  window  of  printing 
for  which  can  be  expanded  depending  upon  the 
above  test.  Where  that  test  results  in  an  affirmative 
determination,  then  as  represented  at  line  2042  and 
block  2044,  the  last  real  pin  is  activated  by  shifting  the 

10  PIN  mask  one  bit  to  the  right.  Then,  as  represented 
at  block  2046,  the  pin  spacing  is  added  to  the  pin  lo- 
cation,  x.  The  program  then  continues  as  represented 
by  line  2048.  Where  either  of  the  tests  posed  at  block 
2036  or  block  2040  result  in  a  negative  determination, 

15  then  as  represented  at  lines  2050  and  2052,  the  pro- 
gram  advances  to  line  2048  and  the  inquiry  at  block 
2060.  The  inquiry  posed  at  block  2060  determines 
whether  the  PIN  mask  is  equal  to  or  greater  than  be- 
yond  the  last  pin.  In  other  words,  is  the  pixel  under 

20  consideration  for  printing  beyond  the  operational  ca- 
pability  of  the  last  pin  of  the  pin  array.  In  the  event  of 
an  affirmative  determination,  then  as  represented  at 
line  2062  and  block  2064,  an  out  of  reach  flag  is  set 
and,  the  program  continues  as  represented  at  line 

25  2066  leading  to  line  2068  and  node  R.  It  may  be  ob- 
served  that  line  2068  extends  to  node  R  from  block 
2060  as  representing  a  negative  determination  to  the 
query  posed  thereat. 

Referring  to  fig.  22F,  node  R  reappears  indicating 
30  that  the  program  then  continues  as  represented  at 

block  2080  to  determine  whether  or  not  the  required 
"PIN"  is  out  of  reach,  this  inquiry  being  based  upon 
the  above  determination.  In  the  event  that  it  is  not, 
then,  as  represented  at  line  2082  and  block  2084,  a 

35  test  is  made  as  to  whether  the  required  PIN  is  equal 
to  the  pin  mask  which  is  active  on  the  current  pass. 
It  may  be  recalled  from  the  discussion  concerning 
block  1004  in  Fig.  22A  that  the  pin  mask  was  initially 
set  to  a  1  .  That  indicates  which  pin  is  elected  for  print- 

40  ing  on  the  current  pass  through  the  message.  Such 
a  pass  is  carried  out  with  respect  to  each  pin  in  the 
program.  In  effect,  the  test  at  block  2084  inquires 
whether  the  pin  that  is  supposed  to  print  the  instant 
pixel  is  the  pin  which  is  now  active.  In  the  event  of  a 

45  negative  determination,  then  as  represented  at  line 
2086  and  block  2088,  a  determination  is  made  as  to 
whetherthe  program  has  encountered  a  pixel  that  be- 
longs  to  or  should  be  printed  by  a  next  pin  of  the  array. 
Thus,  an  inquiry  is  made  as  to  whether  the  next  pin 

so  flag  is  set  as  true.  If  that  is  not  the  case,  then  the  pro- 
gram  continues  as  represented  at  line  2090  and  block 
2092.  The  instructions  at  block  2092  address  the  con- 
dition  wherein  a  determination  has  been  made  that  a 
pixel  has  been  encountered  which  is  properly  printed 

55  by  the  next  pin  in  the  pin  array.  In  effect,  there  are 
some  pixels  in  the  instant  character  that  are  going  to 
have  to  be  printed  by  that  next  pin.  Thus,  the  next  pin 
flag  is  made  TRUE  and  on  the  next  pass  through  the 

21 
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message  or  character  string,  the  next  pin  will  start 
with  the  instant  character.  Thus,  the  character  index 
START  is  made  equal  to  the  character  index.  The  pro- 
gram  continues  as  represented  at  line  2094. 

Returning  to  block  2084,  in  the  event  the  test 
posed  thereat  is  true,  then  as  represented  at  line 
2096  and  block  2098,  the  pixel  is  printed  and  the  pro- 
gram  continues  as  represented  at  line  2100  to  line 
2094.  Similarly,  with  a  true  result  to  the  test  posed  at 
block  2088,  the  same  logic  path  is  followed  as  repre- 
sented  at  lines  2110  and  2100. 

Line  2094  to  which  the  latter  lines  extend,  leads 
to  the  instructions  at  block  21  12  which  provide  for  the 
location  of  the  next  fill-in  pixel.  In  this  regard,  the  col- 
umn  at  hand  is  identified  as  this  column  plus  a  delta 
column  increment  and  the  next  row  is  developed  as 
the  current  row  plus  a  delta  row  value.  The  program 
then  continues  as  represented  at  line  2114  to  the 
Loop  3  symbol  earlier  described  at  1098.  It  further 
may  be  observed  that  with  an  affirmative  determina- 
tion  at  block  2080,  indicating  that  the  required  "PIN" 
is  out  of  reach,  then  as  represented  at  line  2118,  the 
instant  position  at  line  2114  and  Loop  3  designator 
1098  is  followed  in  the  program  path.  Line  2114  is 
seen  addressing  the  Loop  3  designator  1098  in  Fig. 
22C  leading  to  the  query  posed  at  block  2004. 

Returning  momentarily  to  block  2004  at  Fig.  22C, 
it  may  be  recalled  that  the  index,  J,  was  utilized  to 
count  the  number  of  "fill-in"  pixels  as  they  were  print- 
ed.  Where  the  inquiry  at  block  2004  indicates  that  the 
value,  J,  is  not  less  than  the  number  of  pixels  or  in  the 
event  of  an  abort  condition,  then  the  program  revert- 
ed  to  node  M.  Referring  to  Fig.  22g,  node  M  reappears 
in  conjunction  with  line  2128  leading  to  block  2130. 
Under  the  conditions  of  the  test  at  block  2004,  the 
program  has  printed  between  the  current  coordinate 
and  the  next  one.  The  program  now  looks  to  that  next 
one  and  makes  that  the  current  coordinate.  Accord- 
ingly,  as  seen  at  block  21  30,  the  coordinate  pair  is  set 
equal  to  the  next  coordinate  pair  and  the  program 
continues  to  the  test  at  block  21  32.  That  test  determi- 
nes  whether  the  direction  is  forward.  In  this  regard, 
the  direction  can  be  forward  or  reverse  and  it  is  nec- 
essary  to  know  whether  the  character  index  is  to  be 
incremented  or  decremented.  Thus,  in  the  presence 
of  a  negative  response  to  the  test,  then  as  represent- 
ed  at  line  2134  and  block  2136,  the  character  index 
is  decremented  and  the  program  continues  as  repre- 
sented  at  lines  2138  and  2140  to  the  Loop  2  entry 
symbol  1020  as  seen  in  Fig.  22A.  In  Fig.  22A,  line 
2140  reappears  being  directed  to  Loop  2  symbol 
1020.  Where  the  test  posed  at  block  2132  results  in 
an  affirmative  determination,  then  as  represented  at 
line  2142  and  block  2144,  the  character  index  is  incre- 
mented  and  the  program  reverts  as  represented  by 
lines  2138  and  2140  to  the  noted  Loop  2  designator 
1020. 

Returning  momentarily  to  block  1022  in  Fig.  22A, 

a  determination  is  made  as  to  whether  the  character 
counting  index  counter,  i,  is  less  than  string  length.  In 
the  event  that  it  was  not,  then,  the  program  reverted 
to  node  L.  Referring  to  Fig.  22H,  node  L  reappears  in 

5  conjunction  with  line  2148  leading  to  the  instructions 
at  block  21  50.  For  the  present  condition,  the  program 
has  considered  the  full  string  or  has  encountered  pix- 
els  which  are  to  be  marked  by  a  next  pin.  Therefore, 
the  program  starts  with  that  next  pin.  Block  21  50  pro- 

10  vides  for  shifting  the  pin  mask  left  one  bit  for  that  next 
pin  and  the  character  index  is  set  for  the  location 
wherein  pixels  have  been  designated  for  the  next  pin 
activity.  This  instruction  has  been  treated  in  connec- 
tion  with  block  2092.  Thus,  the  message  or  text  string 

15  is  restarted  at  the  character  left  off  at,  i.e.  that  char- 
acter  which  has  pixels  requiring  marking  by  two  ad- 
jacent  pins.  This  is  a  time  conserving  action  avoiding 
the  need  for  considering  an  entire  message,  particu- 
larly  with  respect  to  pixels  already  printed.  The  pro- 

20  gram  then  continues  to  the  Loop  1  designator  1008 
as  depicted  by  line  2152.  Line  2152  reappears  in  con- 
junction  with  the  Loop  1  designator  1008  in  Fig.  22A. 

Since  certain  changes  may  be  made  in  the 
above-described  system  and  apparatus  without  de- 

25  parting  from  the  scope  of  the  invention  herein  in- 
volved,  it  is  intended  that  all  matter  contained  in  the 
description  thereof  or  shown  in  the  accompanying 
drawings  shall  be  interpreted  as  illustrative  and  not  in 
a  limiting  sense. 

30 

Claims 

1  .  Apparatus  for  marking  objects  at  a  surface  there- 
35  of  with  a  sequence  of  characters  formed  by  in- 

dentation,  in  response  to  data  inputs,  comprising: 
a  housing  having  forward  and  rearward 

portions; 
a  translation  mechanism  mounted  at  said 

40  housing  forward  portion  having  a  carriage  com- 
ponent  movable  in  vertical  and  traverse  direc- 
tions  in  response,  respectively,  to  a  rotational 
vertical  drive  input  and  a  rotational  transverse 
drive  input; 

45  a  marker  head  assembly  connectable  with 
said  carriage  component,  having  a  confronting 
portion  positionable  in  spaced  adjacency  with 
said  surface  and  including  at  least  two  marker 
pins,  each  having  an  impacting  tip  drivably  mov- 

50  able  into  said  surface  in  response  to  pneumatic 
control  inputs; 

a  first  motor  mounted  within  said  housing 
rearward  portion  and  responsive  to  a  first  control 
input  to  provide  a  transverse  drive  output; 

55  first  transmission  means  connected  in 
driven  relationship  with  said  transverse  drive  out- 
put  and  in  drive  relationship  with  said  rotational 
transverse  drive  input  for  effecting  the  transverse 
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directional  movement  of  said  carriage  compo- 
nent; 

a  second  motor  mounted  within  said  hous- 
ing  rearward  portion  and  responsive  to  a  second 
control  input  to  provide  a  vertical  drive  output;  5 

second  transmission  means  connected  in 
driven  relationship  with  said  vertical  drive  output 
and  in  drive  relationship  with  said  rotational  vert- 
ical  drive  input  for  effecting  the  vertical  direction- 
al  movement  of  said  carriage  component;  and  10 

control  means  responsive  to  said  data  in- 
puts  for  deriving  said  first  control  input,  said  sec- 
ond  control  input  and  for  effecting  generation  of 
said  pneumatic  control  inputs  to  effect  derivation 
of  said  characters  at  said  surface.  15 

The  apparatus  of  claim  1  in  which  said  marker 
head  assembly  includes: 

electrically  actuated  valve  means  mount- 
ed  within  said  housing  rearward  portion  forward-  20 
ly  of  said  first  and  second  motors,  having  an  input 
connectable  with  a  source  of  gas  under  pressure, 
having  valve  output  ports  and  actuable  in  re- 
sponse  to  said  pneumatic  control  inputs  to  con- 
vey  said  gas  from  select  said  valve  output  ports;  25 
and 

flexible  conduit  means  coupled  in  gas 
transfer  relationship  between  said  valve  output 
ports  and  a  unique  one  of  each  said  marker  pins 
for  effecting  said  movement  of  said  impacting  tip  30 
thereof. 

The  apparatus  of  claim  2  in  which: 
said  translation  mechanism  carriage  com- 

ponent  is  configured  as  a  manifold  having  cham-  35 
bers  extending  from  pneumatic  impact  ports  at  a 
first  surface  thereof  to  pneumatic  output  ports  at 
a  second  surface; 

said  flexible  conduit  means  is  coupled 
with  said  pneumatic  output  ports;  and  40 

said  marker  head  assembly  is  connect- 
able  with  said  carriage  component  surface  to  ef- 
fect  said  gas  transfer  relationship  through  said 
pneumatic  output  ports. 

45 
The  apparatus  of  claim  1  in  which  said  translation 
mechanism  includes: 

a  carrier  component  mounted  to  said 
housing  forward  portion  for  movement  in  said 
transverse  direction  and  supporting  said  carriage  50 
component  for  movement  in  said  transverse  and 
vertical  directions;  and 

a  transverse  screw  assembly  having  a 
transverse  screw  shaft  drivably  rotatable  in  re- 
sponse  to  said  rotational  transverse  drive  input  55 
and  a  transverse  drive  nut  mounted  in  driven  re- 
lationship  thereon  and  connected  in  drive  rela- 
tionship  with  said  carrier  component,  said  trans- 

verse  screw  assembly  effecting  said  transverse 
direction  of  movement  of  said  carrier  component 
in  response  to  select  rotation  of  said  transverse 
screw  shaft. 

5.  The  apparatus  of  claim  4  in  which  said  transverse 
screw  shaft  is  a  high  helix  angle  lead  screw  hav- 
ing  a  pitch  selected  to  drivably  move  said  trans- 
verse  drive  nut  about  one-half  inch  of  travel  per 
shaft  revolution. 

6.  The  apparatus  of  claim  4  in  which  said  first  trans- 
mission  means  comprises: 

a  first  transverse  pulley  coupled  in  drive 
relationship  with  said  transverse  screw  shaft; 

a  second  transverse  pulley  coupled  in  driv- 
en  relationship  with  said  first  motor  transverse 
drive  output;  and 

a  transverse  drive  belt  mounted  in  driven 
relationship  upon  said  second  transverse  pulley 
and  in  drive  relationship  with  said  transverse  first 
pulley. 

7.  The  apparatus  of  claim  1  in  which  said  translation 
mechanism  includes: 

a  carrier  assembly  movable  in  said  trans- 
verse  direction  in  response  to  said  rotational 
transverse  drive  input  and  supporting  said  car- 
riage  component  in  said  transverse  and  vertical 
directions; 

a  coupler  component  mounted  to  said 
housing  forward  portion  for  movement  in  said 
vertical  direction  and  drivably  coupled  with  said 
carriage  component  for  effecting  the  movement 
thereof  in  said  vertical  direction;  and 

a  vertical  screw  assembly  having  a  verti- 
cal  screw  shaft  drivably  rotatable  in  response  to 
said  rotational  vertical  drive  input  and  a  vertical 
drive  nut  mounted  in  driven  relationship  thereon 
and  connected  in  drive  relationship  with  said  cou- 
pler  component,  said  vertical  screw  assembly  ef- 
fecting  said  vertical  direction  of  movement  of  said 
coupler  component  in  response  to  select  rotation 
of  said  vertical  screw  shaft. 

8.  The  apparatus  of  claim  7  in  which  said  vertical 
screw  shaft  is  a  high  helix  angle  lead  screw  hav- 
ing  a  pitch  selected  to  drivably  move  said  vertical 
drive  nut  about  one-half  inch  of  travel  per  shaft 
revolution. 

9.  The  apparatus  of  claim  7  in  which  said  second 
transmission  means  comprises: 

a  first  vertical  pulley  coupled  in  drive  rela- 
tionship  with  said  vertical  screw  shaft; 

a  second  vertical  pulley  coupled  in  driven 
relationship  with  said  second  motor  vertical  drive 
output;  and 
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a  vertical  drive  belt  mounted  in  driven  re- 
lationship  upon  said  second  vertical  pulley  and  in 
drive  relationship  with  said  first  vertical  pulley. 

10.  The  apparatus  of  claim  1  in  which  said  first  and 
second  motors  are  stepper  motors. 

11.  Apparatus  for  marking  a  surface  in  response  to 
data  inputs  with  pixel  characters  formed  within  a 
matrix  of  rows  and  columns,  said  columns  being 
mutually  spaced  to  define  a  transverse  pixel-to- 
pixel  spacing,  comprising: 

a  housing; 
a  translation  mechanism  mounted  upon 

said  housing  having  a  positioning  component 
movable  in  vertical  and  transverse  directions  in 
response  to  a  drive  input; 

a  marker  head  assembly  connectable  with 
said  positioning  component,  having  a  confronting 
portion  positionable  in  adjacency  with  said  sur- 
face  and  including  first  and  second  marker  pins 
having  a  predetermined  pin-to-pin  spacing,  each 
having  an  impacting  tip  drivably  movable  into  said 
surface  in  response  to  a  pin  drive  input; 

a  translation  drive  assembly  responsive  to 
position  signals  for  moving  said  positioning  com- 
ponent  to  successive  positions  orienting  said  first 
and  second  marker  pins  at  locations  correspond- 
ing  with  a  said  pixel; 

marker  pin  drive  means  responsive  to  pin 
actuation  signals  for  providing  said  pin  drive  in- 
put;  and 

control  means  responsive  to  the  value  of 
said  pixel-to-pixel  spacing  and  the  value  of  said 
pin-to-pin  spacing  to  adjust  said  pixel-to-pixel 
spacing  an  amount  sufficient  to  constitute  the 
quotient  of  said  value  of  said  pin-to-pin  spacing 
divided  by  said  pixel-to-pixel  spacing  to  be  sub- 
stantially  an  integer,  for  deriving  said  pin  actua- 
tion  signals  and  said  position  signals  to  effect  the 
formation  of  said  characters  exhibiting  adjusted 
said  pixel-to-pixel  spacing. 

12.  The  apparatus  of  claim  11  in  which  said  control 
means  is  responsive  to  successively  add  a  prede- 
termined  spacing  increment  to  said  pixel-to-pixel 
spacing  until  said  integer  is  present  within  a  pre- 
determined  tolerance. 

13.  The  apparatus  of  claim  12  in  which  said  spacing 
increment  is  about  0.00001  inch. 

14.  The  apparatus  of  claim  12  in  which  said  tolerance 
is  less  than  about  0.05. 

15.  The  apparatus  of  claim  12  in  which  said  tolerance 
is  about  0.01. 

16.  The  apparatus  of  claim  11  in  which: 
said  translation  drive  assembly  comprises: 
a  first  stepper  motor  mounted  upon  said 

housing  and  responsive  to  said  position  signals  to 
5  provide  a  transverse  drive  output; 

first  transmission  means  connected  in 
driven  relationship  with  said  transverse  drive  out- 
put  and  in  rotational  drive  relationship  with  said 
translation  mechanism  drive  input  for  effecting 

10  the  transverse  directional  movement  of  said  pos- 
itioning  component; 

a  second  stepper  motor  mounted  upon 
said  housing  and  responsive  to  said  position  sig- 
nals  to  provide  a  vertical  drive  output;  and 

15  second  transmission  means  connected  in 
driven  relationship  with  said  vertical  drive  output 
and  in  rotational  drive  relationship  with  said  trans- 
lation  mechanism  drive  input  for  effecting  the 
vertical  directional  movement  of  said  positioning 

20  component. 

17.  The  method  for  marking  a  surface  in  response  to 
data  inputs  with  pixel-based  characters  formed 
within  a  matrix  of  rows  and  columns  representing 

25  available  pixel  locations,  comprising  the  steps  of: 
providing  a  housing; 
providing  a  translation  mechanism  mount- 

ed  upon  said  housing  having  a  positioning  com- 
ponent,  said  translation  mechanism  being  actu- 

30  able  to  move  said  positioning  component  in  vert- 
ical  and  transverse  directions  between  corre- 
sponding  vertical  end  positions  and  transverse 
end  positions; 

providing  a  marker  head  assembly  con- 
35  nected  with  said  translation  mechanism  position- 

ing  component,  having  a  confronting  portion  and 
an  array  of  at  least  two  marker  pins,  mutually 
spaced  a  predetermined  pin-to-pin  distance, 
each  movable  within  a  unique  marking  cell  per- 

40  iphery  defined  by  said  positioning  component 
transverse  and  vertical  end  positions,  each  hav- 
ing  a  compacting  tip  extensible  from  said  con- 
fronting  portion  when  actuated  to  form  indenta- 
tions  in  said  surface  at  active  pixel  locations  rep- 

45  resenting  a  component  of  said  characters; 
positioning  said  confronting  portion  in  ad- 

jacency  with  said  surface; 
determining  a  locus  of  movement  pattern 

for  said  array  of  marker  pins  representing  a 
so  movement  of  each  said  marker  pin  to  each  said 

available  pixel  location  of  said  matrix; 
determining  the  said  active  pixel  locations 

along  said  locus  of  movement  pattern  with  re- 
spect  to  each  said  marker  pin; 

55  actuating  said  translation  mechanism  to 
move  said  positioning  component  in  said  vertical 
and  transverse  directions  to  cause  said  marker 
pins  to  move  along  said  locus  of  movement  pat- 
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tern,  movement  in  one  said  direction  being  limited 
to  the  distance  required  to  move  any  said  marker 
pin  of  said  array  in  said  one  direction  to  a  next  en- 
countered  said  active  pixel;  and 

actuating  said  marker  pin  to  form  a  said  in- 
dentation  when  said  marker  pin  is  located  at  a 
said  active  pixel  location. 

18.  The  method  of  claim  17  in  which: 
said  locus  of  movement  pattern  is  a  raster 

pattern  wherein  said  positioning  component  is 
moved  in  a  predetermined  transverse  direction  to 
cause  said  marker  pins  to  move  along  one  said 
row  of  said  matrix  and  subsequently  in  an  oppo- 
site  said  predetermined  transverse  direction  and 
a  said  vertical  direction  to  position  said  marker 
pins  at  a  next  adjacent  said  row  of  said  matrix; 
and 

said  movement  in  one  direction  is  along 
said  transverse  direction. 

19.  The  method  of  claim  17  in  which  said  step  for  de- 
termining  the  said  active  pixel  locations  along 
said  locus  of  movement  pattern  is  carried  out  by 
setting  a  pin  mask  for  each  said  active  pixel  for 
each  row  of  said  matrix  with  respect  to  each  said 
marker  pin. 

20.  The  method  of  claim  17  in  which: 
said  locus  of  movement  pattern  is  a  matrix 

pattern  wherein  said  positioning  component  is 
moved  in  a  predetermined  vertical  direction  to 
cause  said  marker  pins  to  move  along  one  said 
column  of  said  matrix  and  subsequently  in  a  said 
transverse  direction  and  a  vertical  direction  oppo- 
site  said  predetermined  vertical  direction  to  move 
said  marker  pins  along  a  next  adjacent  said  col- 
umn  of  said  matrix;  and 

said  movement  in  one  direction  is  along 
said  vertical  direction. 

21.  The  method  of  claim  20  in  which  said  step  for  de- 
termining  the  said  active  pixel  locations  along 
said  locus  of  movement  pattern  is  carried  out  by 
setting  a  pin  mask  for  each  said  active  pixel  for 
each  column  of  said  matrix  with  respect  to  each 
said  marker  pin. 

22.  Apparatus  for  marking  objects  at  a  surface  there- 
of  with  a  sequence  of  pixel-based  characters 
formed  by  indentation,  in  response  to  data  inputs, 
comprising: 

a  housing; 
a  translation  mechanism  mounted  within 

said  housing  having  a  positioning  component 
movable  in  vertical  and  transverse  directions  in 
response  to  a  drive  input; 

a  marker  head  assembly  connectable  with 

said  positioning  component,  having  a  confronting 
portion  positionable  in  adjacency  with  said  sur- 
face  and  including  an  array  of  marker  pins,  each 
having  an  impacting  tip  and  actuable  to  move  into 

5  said  surface  in  response  to  a  pin  drive  input; 
a  translation  drive  assembly  responsive  to 

position  signals  for  moving  said  positioning  com- 
ponent  to  successive  positions  orienting  said 
marker  pins  for  forming  said  characters; 

10  marker  pin  drive  means  responsive  to  pin 
actuation  signals  for  providing  said  pin  drive  in- 
put;  and 

control  means  responsive  to  said  data  in- 
puts  for  providing  said  drive  input  to  position  said 

15  array  of  marker  pins  for  the  formation  of  portions 
of  said  pixel-based  characters  at  a  sequence  of 
positions,  and  deriving  said  pin  actuation  signals 
for  each  said  position  in  a  sequence  providing  a 
predetermined  time  interval  therebetween  to  ef- 

20  feet  a  timed  succession  of  said  actuations  of  said 
marker  pins. 

23.  The  apparatus  of  claim  22  in  which  said  predeter- 
mined  interval  is  about  2  milliseconds. 

25 
24.  Marking  apparatus  for  forming  characters  at  the 

surface  of  an  object  by  the  select  application  of 
current  from  a  power  source  to  the  inputs  of  a  se- 
quence  of  inductive  loads  in  response  to  control 

30  inputs,  comprising: 
a  power  application  switch  connectable 

between  said  power  source  and  said  inductive 
load  inputs  and  responsive  to  a  drive  input  to  ap- 
ply  power  source  derived  current  to  said  inputs; 

35  a  pulse  drive  circuit  responsive  to  a  pulse 
width  control  input  to  derive  said  drive  input; 

power  selection  switch  means  including  a 
sequence  of  solid  state  selection  switches,  each 
having  a  selection  output  connectable  in  circuit 

40  completing  relationship  with  said  inductive  load 
inputs  and  each  having  a  gate  input  responsive  to 
a  gate  input  signal  to  transition  from  an  initial  to  a 
gated  condition  to  activate  a  corresponding  said 
selection  output  thereof  for  effecting  the  said  se- 

45  lect  application  of  current  through  a  said  induc- 
tive  load; 

sensing  means  coupled  with  each  said 
power  selection  switch  means  selection  output 
for  deriving  a  sense  signal  corresponding  wtih 

so  the  cumulative  value  of  said  current  applied 
therethrough; 

gate  drive  means  coupled  with  each  said 
gate  input  of  said  solid  state  selection  switches 
and  responsive  to  said  control  inputs  for  deriving 

55  each  said  gate  input  signal; 
summing  means  coupled  with  each  said 

solid  state,  selection  switch  for  deriving  a  sum- 
ming  signal  having  a  value  corresponding  with 

25 



49 EP  0  591  092  A2 50 

the  number  of  said  solid  state  selection  switches 
exhibiting  a  said  gated  condition;  and 

pulse  width  control  means  responsive  to 
said  summing  signal  and  said  sense  signal  for  de- 
riving  said  pulse  width  control  input. 

25.  The  marking  apparatus  of  claim  24  including  post 
actuation  switch  means  coupled  with  each  said 
gate  input  of  said  solid  state  selection  switches 
and  responsive  at  the  termination  of  a  said  gate 
input  signal  to  effect  an  assured  transition  from 
said  gated  condition  to  said  initial  condition. 

26.  The  marking  apparatus  of  claim  24  in  which  said 
summing  means  comprises  a  network  of  resis- 
tors  selectively  coupled  with  each  said  gate  input 
of  said  solid  state  selection  switches. 

27.  The  marking  apparatus  of  claim  24  in  which  said 
pulse  width  control  means  comprises: 

a  pulse  generator  for  deriving  a  train  of 
pulse  signals;  and 

comparator  means  responsive  to  said 
summing  signal  as  a  reference  input  and  to  said 
sense  signal  for  effecting  a  pulse  width  modula- 
tion  of  said  pulse  signals  to  effect  derivation  of 
said  pulse  width  control  input. 

28.  The  method  for  marking  a  surface  with  indenta- 
tion  formed  substantially  continuous  line  charac- 
ters  in  response  to  data  inputs  representing  data 
defined  pixel  characters  formed  within  a  matrix  of 
rows  and  columns  and  in  correspondence  with  a 
select  indentation  pixel  density  comprising  the 
steps  of: 

providing  a  housing; 
providing  a  translation  mechanism  mount- 

ed  upon  said  housing  having  a  positioning  com- 
ponent,  said  translation  mechanism  being  actu- 
able  to  move  said  positioning  component  in  vert- 
ical  and  transverse  directions  between  corre- 
sponding  vertical  end  positions  and  a  predeter- 
mined  transverse  distance  between  transverse 
end  positions; 

providing  a  marker  head  assembly  con- 
nected  with  said  translation  mechanism  position- 
ing  component,  having  a  confronting  portion  and 
an  array  of  at  least  two  adjacent  marker  pins  from 
first  to  last,  mutally  spaced  a  predetermined  pin- 
to-pin  distance,  each  from  first  to  next  to  last  be- 
ing  movable  within  a  unique  marking  cell  periph- 
ery  defined  by  said  pin-to-pin  distance,  each  hav- 
ing  a  compacting  tip  extensible  from  said  con- 
fronting  portion  when  actuated  to  form  indenta- 
tions  in  said  surface; 

positioning  said  confronting  portion  in  ad- 
jacency  with  said  surface; 

determining  the  number  and  matrix  coor- 

dinate  locations  of  said  indentation  pixels  be- 
tween  adjacent  said  data  pixel  characters  in  cor- 
respondence  with  said  select  indentation  pixel 
density; 

5  actuating  said  translation  mechanism  to 
move  to  a  predetermined  said  transverse  end 
position; 

forming  at  least  first  portions  of  said  char- 
acters  by  actuating  only  said  first  marker  pin  at 

10  said  matrix  coordinate  locations  while  actuating 
said  translation  mechanism  to  move  said  first 
marker  pin  only  within  said  unique  marking  cell 
periphery  associated  therewith; 

then  actuating  said  translation  mechanism 
15  to  return  to  said  predetermined  transverse  end 

position;  and 
then  forming  at  least  second  portions  of 

said  characters  by  actuating  only  the  said  marker 
pin  next  to  said  first  marker  pin  at  said  matrix  co- 

20  ordinate  locations  while  actuating  said  translation 
mechanism  to  move  said  next  marker  pin  only 
within  said  unique  marking  cell  periphery  associ- 
ated  therewith. 

25  29.  The  method  of  claim  28  including  the  step  of  ex- 
panding  the  transverse  extent  of  the  said  unique 
marking  cell  periphery  of  said  last  marker  pin  by 
an  amount  corresponding  with  the  difference  be- 
tween  said  pin-to-pin  distance  and  said  predeter- 

30  mined  transverse  distance. 
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