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(54)  Method  and  apparatus  for  interacting  with  a  user  interface  for  a  pen-based  computing  system. 

(57)  A  stylus  is  provided  for  changing  modes  of 
operation  in  conjunction  with  an  electronic  tab- 
let.  The  stylus  has  a  depressible  erase  end 
similar  to  a  mechanical  pencil  or  ink  pen.  By 
depressing  or  "clicking"  the  erase  end,  the 
stylus  signals  the  tablet  which  mode  is  to  be 
selected.  Once  in  a  particular  mode,  the  erase 
end  may  be  clicked  at  a  rate  different  from  the 
mode  selection  rate  to  select  various  options 
within  the  mode.  A  line  thickness  visual  display 
is  provided  which  is  also  similar  to  the  function- 
ing  of  a  mechanical  pencil.  By  twisting  the 
pencil  and  viewing  the  visual  display,  an 
operator  can  change  the  thickness  of  the  line 
and  obtain  visual  feedback  of  an  approximation 
thereof. 
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The  present  invention  relates  in  general  to  com- 
puter  systems,  and  in  particular  to  a  pen-like  device 
which  interfaces  with  a  user  interface  on  an  electronic 
tablet  by  manipulation  of  the  pen-like  device. 

There  are  many  kinds  of  input  devices  currently 
used  with  computer  systems.  Having  evolved  from 
the  days  of  cards  and  card  readers,  the  most  fre- 
quently  used  input  device  for  a  computer  system  is 
currently  a  keyboard.  However,  a  keyboard  is  not  al- 
ways  perceived  as  a  user-friendly  device.  Thus,  the 
tendency  to  increase  the  use  of  alternative  input  de- 
vices  has  increased.  Such  alternative  devices  include 
a  mouse,  a  touch-sensitive  screen,  and  a  pen-like  de- 
vice. 

With  the  advent  of  tablet-like  computers,  a  pen- 
like  device  (stylus)  for  use  thereon  has  become  more 
common.  An  electronic  tablet  (or  Personal  Digital  As- 
sistant  -  PDA)  is  a  computer  system  which  takes  input 
on  an  integral  screen  from  the  stylus.  The  stylus  can 
be  used  in  much  the  same  way  as  a  pen  or  pencil  on 
a  paper  tablet.  However,  the  space  available  on  an 
electronic  tablet  for  writing  or  drawing  is  limited  due  to 
the  size  of  the  tablet  and  the  screen  thereon.  There- 
fore,  any  extraneous  information  that  must  utilize  the 
available  space  of  the  tablet  creates  a  loss  in  overall 
efficiency.  Since  it  is  necessary  for  the  tablet  and  the 
stylus  to  interface  through  various  modes  of  opera- 
tion,  screen  space  must  be  used  to  allow  for  this  in- 
teraction/communication.  Typically,  space  is  devoted 
to  a  menu  or  toolbar  in  order  to  provide  the  user  ac- 
cess  to  modality  change  mechanisms.  Thus,  there  is 
a  need  fora  method  and  apparatus  to  interact  with  the 
user  interface  on  an  electronic  tablet  that  increases 
the  amount  of  available  screen  space  used  for  actual 
operator  input.  In  addition,  there  is  a  need  fora  stylus 
metaphor  which  more  closely  resembles  a  physical 
ballpoint  pen  or  mechanical  pencil. 

The  present  invention  provides  a  method  and  ap- 
paratus  for  changing  the  operating  modes  of  an  elec- 
tronic  tablet  which  eliminates  or  substantially  reduces 
the  limitations  of  the  prior  art.  The  present  invention 
allows  manipulation  of  a  stylus  for  selection  of  various 
modes  of  operation  without  requiring  physical  contact 
between  the  stylus  and  the  user  interface. 

In  accordance  with  one  aspect  of  the  present  in- 
vention,  a  method  of  changing  operating  modes  on  an 
electronic  tablet  is  provided.  One  of  a  plurality  of  pos- 
itions  on  a  stylus  is  selected  for  one  of  a  plurality  of 
modes  of  operation.  In  one  embodiment,  a  first  and 
second  position  may  be  selected  for  a  first  and  sec- 
ond  mode,  respectively.  The  first  and  second  posi- 
tions  are  selected  by  depressing  an  erase  end  of  the 
stylus.  Once  in  the  first  or  second  mode  of  operation, 
various  options  may  be  selected  therein  by  depress- 
ing  the  erase  end  at  a  rate  different  from  the  mode  se- 
lection  rate. 

In  another  aspect  of  the  present  invention,  the 
stylus  is  also  adjustable  to  provide  varying  line  thick- 

ness  when  the  stylus  contacts  the  tablet.  By  turning 
a  top  portion  of  the  stylus  relative  to  a  bottom  portion 
of  the  stylus,  the  line  thickness  can  be  varied.  Visual 
feedback  of  the  relative  thickness  of  the  line  is  pre- 

5  sented  in  an  indicating  window. 
It  is  a  technical  advantage  of  the  present  inven- 

tion  that  interface  with  an  electronic  tablet  is  done 
through  manipulation  of  the  stylus  used  thereon  rath- 
er  than  by  selecting  commands  on  the  screen.  It  is  a 

10  further  technical  advantage  of  the  present  invention 
in  that  the  stylus  determines  and  provides  visual 
feedback  on  the  thickness  of  a  line. 

Fora  more  complete  understanding  of  the  pres- 
ent  invention  and  the  advantages  thereof,  reference 

15  is  now  made  to  the  Detailed  Description  taken  in  con- 
junction  with  the  attached  Drawings,  in  which: 

Figure  1  illustrates  an  electronic  tablet  in  accor- 
dance  with  the  prior  art; 
Figure  2  illustrates  an  electronic  tablet  in  accor- 

20  dance  with  the  present  invention; 
Figure  3  illustrates  an  embodiment  of  the  stylus 
in  accordance  with  the  present  invention; 
Figure  4  illustrates  the  steps  used  with  the  stylus 
of  the  present  invention; 

25  Figures  5Aand  5B  graphically  illustrate  use  of  the 
stylus  of  the  present  invention;  and 
Figure  6  is  a  flowchart  illustrating  the  present  in- 
vention. 
Referring  to  Figure  1  ,  an  electronic  tablet  1  0  con- 

30  structed  in  accordance  with  the  prior  art  is  illustrated. 
The  tablet  10  is  provided  with  a  screen  12  upon  which 
there  is  a  write  area  14,  a  command  area  16,  and  a 
scroll  area  18.  For  use  with  the  tablet  10  there  is  pro- 
vided  a  stylus  20  which  may  be  either  tethered  via 

35  electrical  connection  22  (as  shown)  or  untethered. 
To  operate  the  electronic  tablet  10,  a  user  will  in- 

dicate  the  mode  of  operation  by  touching  the  appro- 
priate  command  in  the  command  area  16.  For  exam- 
ple,  there  is  shown  a  "Select"  mode  24  and  a 

40  "Draw/Erase"  mode  26.  By  touching  the  "Select" 
mode  24,  a  user  may  then  select  which  type  of  activity 
is  desired  (for  example,  to  move  an  object  such  as 
with  a  mouse).  By  selecting  the  "Draw/Erase"  mode 
26,  the  user  may  then  select  the  "Color/Style"  28  of 

45  the  writing  and/or  the  "Thickness"  30  of  the  writing. 
Since  the  screen  12  is  of  a  limited  size  (due  to 

cost,  weight,  convenience,  etc.),  the  command  area 
16  utilizes  valuable  space  that  could  be  used  to  in- 
crease  the  available  amount  of  space  in  the  write  area 

so  14.  Therefore,  the  prior  art  mode  of  selection  limits 
the  overall  efficiency  of  the  electronic  tablet  10. 

Referring  to  Figure  2,  an  electronic  tablet  40  is 
tethered  via  electrical  connection  41  to  a  stylus  42 
which  is  constructed  in  accordance  witn  the  present 

55  invention.  As  a  result  of  the  stylus  42,  a  write  area  44 
of  the  tablet  40  is  uncluttered  with  a  command  area 
16  (see  Fig.  1)  in  contrast  to  the  prior  art.  As  will  be 
subsequently  described  in  greater  detail,  the  stylus 
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42  provides  mode  selection  by  manipulation  thereof 
rather  than  by  contact  with  the  screen  area  44.  Thus, 
by  operating  the  stylus  42  in  a  fashion  similar  to  a  ball- 
point  pen  or  a  mechanical  pencil,  a  user  is  provided 
with  a  larger  write  area  44. 

The  stylus  42  is  provided  with  a  clicker/erase  end 
48  and  a  writing  end  50.  The  end  48  operates  similarly 
to  a  conventional  ballpoint  pen  or  mechanical  pencil 
in  that  by  grasping  the  stylus  42  and  depressing  the 
end  48,  the  stylus  42  will  perform  various  functions  in 
conjunction  with  the  tablet  40. 

In  accordance  with  an  embodiment  of  the  present 
invention,  the  clicker/erase  end  48  may  be  utilized  to 
select  among  a  plurality  of  operating  modes.  For  ex- 
ample,  a  first  mode  may  comprise  a  "Select"  mode 
while  a  second  mode  may  comprise  a  "Draw/Erase" 
mode.  To  switch  between  the  first  and  second  modes, 
an  operator  slowly  depresses  the  end  48.  Once  in 
either  of  the  first  or  second  modes,  it  is  possible  to  se- 
lect  additional  options  therein  by  a  comparatively  fast- 
er  clicking  action  with  the  end  48.  Obviously,  the 
clicking  rates  can  be  varied,  i.e.,  mode  selection  can 
be  by  fast  clicking  whereas  options  can  be  by  slow 
clicking. 

Referring  to  Figure  3,  an  embodiment  of  one  as- 
pect  of  the  stylus  42  is  illustrated.  The  stylus  42  is  pro- 
vided  with  an  indicating  window  60.  By  grasping  a  bot- 
tom  portion  62  and  twisting  a  top  portion  64  of  the  sty- 
lus  42  in  a  counter-clockwise  direction  as  indicated  by 
arrow  66  (or  a  clockwise  direction,  not  indicated)  an 
attribute  of  the  stylus  42  may  be  changed.  For  exam- 
ple,  by  rotating  the  stylus  42  the  thickness  of  a  line 
produced  by  contact  between  the  writing  end  50  and 
the  electronic  tablet  40  may  be  altered.  The  window 
60  will  provide  an  indication  of  the  comparative  thick- 
ness  of  the  line.  As  a  device  within  the  window  60 
moves,  for  example,  from  a  position  indicated  by  a 
dashed  line  68  to  a  position  indicated  by  a  solid  line 
70,  an  operator  will  be  able  to  get  an  approximation 
of  the  thickness  of  the  line. 

Referring  to  Figure  4,  one  embodiment  of  the  op- 
eration  of  a  stylus  constructed  in  accordance  with  the 
present  invention  is  illustrated.  By  depressing  the  end 
48  (see  Fig.  2),  a  "Select"  mode  80  or  a  "Draw/Erase" 
mode  82  may  be  chosen.  Once  in  the  "Select"  mode 
80,  a  plurality  of  additional  options  may  then  be  chos- 
en  by  rapidly  clicking  the  end  48.  These  options  may 
comprise,  for  example,  "Select/Deselect",  "Open",  di- 
rectly  manipulate  objects  or  "Undo/Redo"  (i.e.,  use  of 
the  erase  end  to  reverse  the  last  action  taken). 

In  the  "Draw/Erase"  mode  82,  subsequent  rapid 
clicks  of  the  end  48  will  change  a  color  of  a  line  pro- 
duced  by  contact  between  the  write  end  50  of  the  sty- 
lus  42  and  the  write  area  44.  If  the  electronic  tablet  40 
does  not  have  color  capability,  the  rapid  clicks  may 
produce  various  shades  of  gray.  In  one  embodiment, 
a  liquid  crystal  display  or  other  lighting  device  may  be 
provided  in  the  stylus  42  to  correspond  to  the  color 

selected.  Whichever  color  is  selected,  the  stylus  42 
will  write  only  in  that  color  and  erase  only  that  color. 
Obviously,  writing  is  produced  by  contact  between 
the  write  end  50  of  the  stylus  42  and  the  tablet  40 

5  while  erasing  is  produced  by  contact  with  the  end  48 
of  the  stylus  42  and  the  tablet  40. 

While  in  the  "Draw/Erase"  mode  82,  turning  of 
the  portion  64  relative  to  the  portion  62  of  the  stylus 
42  will  change  thickness  of  the  lines  produced  on  the 

10  screen  44,  as  previously  described  above.  If  the  user 
wants  to  erase  all  colors  drawn  on  the  screen,  a  set- 
ting  may  be  provided  in  the  color  selection  to  allow  for 
such  action.  For  example,  a  Neutral  color  84  as  shown 
in  Figure  4  could  be  provided  to  allow  erasure  of  all 

15  colors. 
If  the  stylus  is  tethered  to  the  electronic  tablet 

with  an  electrical  connection  as  shown  in  Figure  2, 
the  signals  from  the  stylus  are  passed  thereby  to  the 
tablet.  If  the  stylus  is  untethered,  the  signals  from  the 

20  stylus  would  be  transmitted  to  a  receiver  in  the  tablet 
for  execution.  In  either  instance,  the  equipment  nec- 
essary  for  constructing  a  stylus  in  accordance  with 
the  present  invention  is  known  in  the  art. 

Referring  to  Figures  5Aand  5B,  a  stylus  90  con- 
25  structed  in  accordance  with  the  present  invention  is 

illustrated.  In  Figure  5A,  five  circles  92,  94,  96,  98, 
and  100  have  been  drawn  using  the  stylus  90.  As  in- 
dicated  by  the  erase  end  102  thereof,  (if  a  color 
changing  light  were  used,  erase  end  102  would  be  the 

30  appropriate  color)  the  stylus  90  is  set  to  draw  the  cir- 
cle  98.  As  shown  in  Figure  5B,  the  stylus  90  has  then 
been  used  to  erase  the  circle  98.  The  stylus  90  may 
only  erase  and  draw  the  color  the  erase  end  102 
matches. 

35  Referring  to  Figure  6,  a  flowchart  depicting  oper- 
ation  of  the  present  invention  is  illustrated.  At  block 
110,  the  tip  mode  is  set  to  "Select".  At  block  112,  the 
eraser  mode  is  then  set  to  "Undo".  At  block  114,  the 
present  invention  waits  for  user  interaction.  At  deci- 

40  sion  block  116,  it  is  determined  whether  or  not  "Fin- 
ished"  has  been  selected.  If  the  response  to  decision 
block  116  is  yes,  the  present  invention  ends  at  118.  If 
the  response  to  decision  block  116  is  no,  it  is  deter- 
mined  at  decision  block  120  whether  or  not  a  mode 

45  change  (slow  click)  is  detected.  If  the  response  to  de- 
cision  block  120  is  no,  the  present  invention  returns 
to  wait  for  user  interaction  at  block  114.  If  the  re- 
sponse  to  decision  block  120  is  yes,  the  tip  mode  is 
set  to  draw  at  block  122,  and  the  eraser  mode  is  set 

so  to  erase  at  block  124.  At  block  126,  the  tip  width  is  set 
per  the  current  setting  on  the  stylus. 

At  decision  block  128,  it  is  determined  whether  or 
not  the  previously  selected  color  is  found.  If  the  re- 
sponse  to  decision  block  128  is  no,  the  tip  color  is  set 

55  to  a  default  color  at  block  1  30.  At  block  1  32,  the  eraser 
color  is  also  set  to  the  default  color.  If  the  response 
to  decision  block  128  is  yes,  the  tip  color  is  set  to  the 
previously  selected  color  at  block  136,  and  the  eraser 
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color  is  also  set  to  the  previously  selected  color  at 
block  1  38.  Subsequent  to  block  1  32  or  block  1  38,  the 
present  invention  waits  for  user  interaction  at  block 
140. 

At  decision  block  142,  it  is  determined  whether  or 
not  a  mode  change  (slow  click)  is  detected.  If  the  re- 
sponse  to  decision  block  142  is  yes,  the  present  in- 
vention  returns  to  block  1  1  0  where  the  tip  mode  is  set 
to  select. 

If  the  response  to  decision  block  142  is  no,  it  is 
determined  at  decision  block  144  whether  or  not  a 
color  change  (rapid  click)  is  detected.  If  the  response 
to  decision  block  144  is  no,  it  is  determined  at  decision 
block  146  whether  or  not  a  change  in  the  tip  width  is 
detected.  If  the  response  to  decision  block  146  is  no, 
the  present  invention  ends  at  118.  If  the  response  to 
decision  block  146  is  yes,  the  tip  width  is  altered  at 
block  148  followed  by  a  return  to  block  140  to  wait  for 
user  interaction. 

Returning  to  decision  block  144,  if  the  response 
thereto  is  yes,  the  tip  color  is  toggled/incremented  at 
block  150.  At  block  152,  the  eraser  color  is  similarly 
toggled/incremented.  At  decision  block  154,  it  is  de- 
termined  whether  or  not  the  eraser  color  is  set  to 
"Erase  All  Colors".  If  the  response  to  decision  block 
1  52  is  yes,  the  tip  writing  function  is  disabled  at  block 
1  56.  If  the  response  to  decision  block  1  54  is  no  or  af- 
ter  block  156,  the  present  invention  returns  to  block 
140  to  wait  for  user  interaction. 

The  present  invention  allows  a  more  intuitive  use 
of  a  stylus  with  an  electronic  tablet.  The  stylus  as  dis- 
closed  herein  operates  more  like  a  ballpoint  pen  or 
mechanical  pencil  than  heretofore  available  in  the  pri- 
or  art.  By  "clicking"  an  erase  end  of  the  stylus,  various 
modes  of  operation  may  be  selected.  Once  in  a  par- 
ticular  mode  of  operation,  additional  options  therein 
may  be  selected  by  "clicking"  the  erase  end  of  the  sty- 
lus  at  a  rate  faster  than  the  mode  selection  rate.  In 
one  embodiment,  visual  feedback  is  provided  by  liq- 
uid  crystal  diodes  in  the  erase  end  of  the  stylus  as  to 
the  writing  and  erasing  color  thereof.  Additionally,  a 
visual  approximation  of  the  line  thickness  of  the  sty- 
lus  is  provided  through  an  indicating  window.  The 
thickness  of  the  line  is  determined  by  turning  the  top 
of  the  stylus  relative  to  the  bottom  thereof  which  also 
adjusts  the  visual  approximation  in  the  indicating  win- 
dow. 

Claims 

1.  A  method  of  changing  operating  modes  on  an 
electronic  tablet,  comprising  the  step  of: 
selecting  one  of  a  plurality  of  positions  on  a  stylus 
associated  with  the  tablet  for  one  of  a  plurality  of 
modes  of  operation. 

2.  The  method  of  Claim  1  ,  wherein  said  step  of  se- 

lecting  comprises: 
selecting  a  first  position  for  a  first  mode;  and 
selecting  a  second  position  for  a  second  mode. 

5  3.  The  method  of  Claim  1,  further  comprising  the 
step  of: 
adjusting  said  stylus  to  provide  a  varying  line 
thickness  when  said  stylus  contacts  the  tablet  in 
a  writing  mode. 

10 
4.  The  method  of  Claim  3,  wherein  said  step  of  ad- 

justing  comprises  the  step  of: 
turning  a  top  portion  of  said  stylus  relative  to  a 
bottom  portion  of  said  stylus. 

15 
5.  The  method  of  Claim  1  ,  wherein  the  step  of  se- 

lecting  one  of  a  plurality  of  positions  comprises 
the  step  of: 
depressing  an  erase  end  of  said  stylus  at  a  first 

20  rate. 

6.  The  method  of  Claim  5,  further  comprising  the 
step  of: 
depressing  said  erase  end  of  said  stylus  at  a  sec- 

25  ond  rate  different  from  said  first  rate  to  select  one 
of  a  plurality  of  options  within  said  mode  of  oper- 
ation. 

7.  A  stylus  for  changing  modes  of  operation  on  an 
30  electronic  tablet  associated  therewith,  compris- 

ing: 
a  first  end  for  writing  contact  between  the  stylus 
and  the  tablet;  and 
means  for  selecting  one  of  a  plurality  of  positions 

35  on  t  he  stylus  for  one  of  a  plural  ity  of  modes  of  op- 
eration. 

8.  The  stylus  of  Claim  7,  wherein  said  means  for  se- 
lecting  comprises: 

40  a  depressible  erase  end  opposite  said  first  end. 

9.  The  stylus  of  Claim  8,  wherein  said  depressible 
erase  end  further  comprises: 
means  for  selecting  one  of  a  plurality  of  options 

45  within  each  of  said  modes  of  operation. 

10.  The  stylus  of  Claim  8,  wherein  said  depressible 
erase  end  further  comprises: 
means  for  indicating  a  color  of  a  line  drawn  by 

so  said  first  end  and  erased  by  said  erase  end  when 
the  stylus  is  in  a  writing  mode. 

11.  The  stylus  of  Claim  10,  wherein  said  means  for  in- 
dicating  a  color  comprises: 

55  a  liquid  crystal  diode  within  said  erase  end. 

12.  The  stylus  of  Claim  7,  further  comprising: 
means  for  adjusting  said  stylus  to  provide  a  vary- 

4 
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ing  line  thickness  when  said  stylus  contacts  the 
tablet  in  a  writing  mode. 

13.  The  stylus  of  Claim  12,  wherein  said  means  for 
adjusting  comprises:  5 
means  for  rotating  said  first  end  of  the  stylus  rel- 
ative  to  a  second  end  thereof. 

14.  The  stylus  of  Claim  13,  further  comprising: 
an  indicating  window  for  visually  displaying  an  ap-  10 
proximation  of  said  line  thickness. 
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