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A l o g i c a l  v a l u a t o r  dev ice  wh ich  prov ides 
i n t e r a c t i v e  g r a p h i c a l  input  of  numeric values is 
p r e s e n t e d .  This dev ice ,  ca l led the Number Wheel, 
w a s  d e v e l o p e d  f o r  I n te rac t i ve  contro l  of  h ighly 
d y n a m i c  t h r e e - d i m e n s i o n a l  d isp lays but  is not l imi ted 
t o  th i s  use:  I t  Is a genera l  purpose va lua to r  dev ice.  
T h e  I m p l e m e n t a t i o n  of  the  Number Wheel descr ibed 
h e r e  Is b a s e d  upon a d ig i t i ze r  t ab le t  as the phys ica l  
I npu t  d e v i c e .  

The  c h a r a c t e r  o f  the  Number Wheel is best  
e x p l a i n e d  by  deve lop ing  an analogy w i th  a 
h y p o t h e t i c a l  phys i ca l  dev ice .  The Number Wheel  
c a n  be  t h o u g h t  o f  as a whee l  wh ich  has a por t ion of  
i t s  c i r c u m f e r e n c e ,  o r  t read ,  p ro t rud ing through a 
s l o t  on t h e  s u r f a c e  o f  the  tab le t ,  somewha t  l ike a 
g i a n t  t h u m b  w h e e l .  Each value in the des i red range 
o f  t h e  v a l u a t o r  Is r e p r e s e n t e d  by a point  on the 
c i r c u m f e r e n c e  o f  the  whee l  w i t h  the value of the 
d e v i c e  a t  any  g iven t ime being the point at  the top 
o f  t h e  w h e e l .  The va lua to r  is changed by put t ing 
t h e  pen  on the  w h e e l  w h e r e  i t  p ro t rudes through the  
t a b l e t  and mov ing  It back  or  fo r th  In the d i rect ion of  
r o t a t i o n .  W h e n e v e r  the  pen leaves the r im of the 
w h e e l  w h i l e  s t i l l  moving,  the  Number Wheel 
m a i n t a i n s  the  same speed of  ro ta t ion unti l  the pen 
r e t u r n s  to  t he  w h e e l  In o rde r  to  change or  s top its 
m o v e m e n t .  

Key Words and Phrases~ graph ic  display,  g raph ic  
Inpu t ,  I n t e r a c t i v e  g raph ics ,  i n te rac t i ve  input, logical  
I npu t  d e v i c e ,  numer ic  va lue input, rea l - t ime  
g r a p h i c s ,  t a b l e t  input ,  va lua to r  Input dev ice,  3-D 
d y n a m i c  g r a p h i c s  

CR Categorles~ 3.9, 4.41, 6.35, 8.2 

1.  I n t r o d u c t i o n  

The Number Wheel Is a graphic Input device whose 
d e v e l o p m e n t  was  mot ivated by the need for accurate 
and conven ien t  In teract ive control over dynamic 
d i sp lays  of  three-d imensional  shapes such as rotation 
or  o the r  an imated motion. The Number Wheel Is a 
log ica l  valuator dev ice  (al lowing Input of a numerical 
va l ue )  whose  implementat ion is based upon a Iocator 
d e v i c e  (which al lows Input of locations In a space of 
one or  more dimensions) 2. A group of Number Wheels 
Is used  to  control  the three-dimensional display by 
assoc ia t i ng  a part icular  Number Wheel's value wi th 
each  of  the  v i ew  parameters under control such as 

ang les  of  rotat ion,  locat ion of v iewpoint,  angle of v iew, 

e t c . :  as the  user changes a Number Wheel's value the 
th ree -d imens iona l  d isplay Is updated In conjunction 
w i t h  the  new value of the associated v iew parameter. 

As s t a t e d  before ,  the Number Wheel Is based on a 
Ioca to r  dev ice .  This Iocator may be either the relat ive 
pos i t ion ing type ,  such as a "mouse" (see [5 ] ) ,  or the 
abso lu te  t ype ,  such as a digit izer tablet .  Most 
mul t i -d imensional  Iocators such as two-dimensional 
t a b l e t s ,  the  most ly one-of -a-k ind three-dimensional 
d ig i t i ze rs  (see  [ 4 ]  for mechanical, [ 1 ]  for sonic, or [ 3 ]  
fo r  LED based  examples) ,  or many-dimensioned remote 

manipu la tors  might be used e f fec t i ve ly  for controll ing 
s e t s  of  Number Wheels. The only additional 

requ i remen ts  for the Iocator are that  updated locations 
must  be ava i lab le  many times per second (60 per 

s e c o n d  is commonly used, 20 per second Is adequate)  
and t he re  must be a swi tch for the user to turn this 
s t r e a m  of  locat ions on or o f f  (such as a function button 
on a "mouse"  or the pen-point  switch found on many 
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t a b l e t s ) .  The descr ipt ion of the Number Wheel as 
p r e s e n t e d  here wil l  assume the use of a tab le t -pen 
Iocator .  This input dev ice has the abil i ty to provide 

many forms of Input through a single physical device 
and Is ava i lab le  at  a re la t ive ly  low cost. 

2. Functionality 

Figure  1 : Hypothet ical  physical analogy of 
the Number Wheel 

The cha rac te r  of the Number Wheel Is best  
e x p l a i n e d  wi th  the use of a physical analogy: by 
desc r ib ing  a hypothet ica l  device which operates In s 
fash ion similar to  the logical Number Wheel device. It 
Is f rom this physical  analogy that  the name "Number 
Whee l "  Is der ived.  

The Number Wheel can be thought of as a wheel 
wh ich  has s port ion of Its circumference protruding 
th rough a s lot  on the surface of the tablet ,  somewhat 
l ike s g iant  thumb wheel ,  as I l lustrated in Fig. 1. Each 
va lue  In the  desi red range of the valuator Is 

r e p r e s e n t e d  by a point on the circumference of the 

w h e e l  w i th  the value of the device at any given time 
be ing the  point  at  the top of the wheel. The valuator 

Is changed  by putt ing the pen on the wheel where It 

p ro t rudes  through the tab le t  and moving It back or 
fo r th  In the  di rect ion of rotation. Whenever the pen 
l e a v e s  the  rim of the wheel  while sti l l  moving, the 
Number Wheel  mslntalns the same speed of rotation 
(I.e. r a te  of  change In value) until the pen returns to 

t he  whee l  In order  to change or stop Its movement. 

The number of  d iscre te  values possible for the 
por t ion  of  the Number Wheel 's rim which Is accessible 
th rough the  sur face of the tab let  at a given Instant Is 
l imi ted by  the  resolut ion of the tablet .  However, the 
reso lu t ion  of  the Number Wheel over Its entire range Is 
no t  l imi ted by  the tab le t  and Is adjustable by varying 

the  s ize  (d iameter )  se lec ted  for the hypothet ical  
whee l .  Since the wheel  has no mass (and hence no 
momentum) and Is mounted on fr lct lonless bearings, It Is 
v e r y  easy  to push the wheel  and s tar t  It rotat ing very  
qu ick ly .  I t  can also be s topped "on a dtme" when a 

des i r ed  value Is reached. Thus It Is possible to make 

gross  changes In a Number Wheel 's value very quickly 

y e t  a lso per form prec ise select ions of value st  the 
leve l  o f  the  va luator 's  pre-determlned resolution. 

F igu re  2: Analogical Number Wheel wi th d i f ferent  
size and orientation. 

Where  the Number Wheel I l lustrated In Fig. 1 Is 
man ipu la ted  by moving the pen forward and backward 
o v e r  e nar row window on the tablet ,  the size, shape, 
and locat ion of  the window through which s Number 
Whee l  p ro t rudes  may vary  for d i f ferent  uses. Figure 2 
I l l us t ra tes  a Number Wheel which covers the entire 
s u r f a c e  of the tab le t  in addition to having a d i f ferent  
d i rec t i on  of  rotat lon:  It is changed by moving the pen 

l e f t  and r ight .  Other a l ternat ives might Include several  

s e p a r a t e  Number Wheel 's each accessible through 
s e p a r a t e  w indows on the tab le t  at  the same time, or 
e v e n  more than one Number Wheel available 
s imu l taneous ly  through the same tablet  window, each 

w i t h  a d i f f e ren t  d i rect ion of rotation. 

3. Examples 

An examp le  of  how Number Wheels might be used 
wi l l  be deve loped  by continuing with the physical 
ana logy  Just presented.  Going back to the original 
n e e d  e x p r e s s e d  for developing the Number Wheel, one 
can be conf igured for Interact lvely controlling the 

ro ta t ion  of  a three-dimensional  ob jec t  being displayed. 
Using the  Number Wheel I l lustrated In Fig. 2 and 
ass ign ing the  values from zero to 359 around the 
c i r cumfe rence  of It, the current value (the number at  
t h e  t op )  of  th is Number Wheel can be used to Indicate 
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t h e  angle of  rotat ion, In degrees, of the 

th ree -d imens iona l  ob jec t  on display about the y-ax is .  

F igu re  3: Number Wheel used to control rotation 
of  ob jec t  about y-ax is .  

The hypo the t i ca l  physical mechanism which we are 

model ing  for  t i l ls  appl icat ion Is I l lustrated In Fig. 3. 
The re  Is a three-d imensional  ob jec t  In front of us which 
is c o n n e c t e d  w i th  the Number Wheel by a f lex ib le 
cab le  through Its y -ax is .  As the wheel Is ro tated wi th 
a l e f t  or r ight  movement of the pen, the ob jec t  rotates 
In a d i rec t ion  and speed corresponding to the 

movemen ts  of  the  pen. 

In a similar manner, a Number Wheel wi th Its axis 
t u rned  90  degrees  so that  it rotates wi th a 
f o r w a r d / b a c k w a r d  motion might be used to control the 
ro ta t i on  of  the three-dimensional ob jec t  about the 
x - a x i s .  Another hypothet ical  mechanism which 

i l l us t ra tes  this act ion Is shown In Fig. 4. This could be 
c a r d e d  fu r ther  by placing both of these Number Wheels 

In t he  same tab le t  w indow at the same time so that  
any  combinat ion of  fo rward /backward  and le f t / r igh t  

movemen ts  can provide a desired combination of 

ro ta t i ons  about  the x and y axes (I l lustrated In Fig. 5). 

Similarly, o ther  Number Wheels may be defined which 
con t ro l  o the r  parameters  of the display transformation, 
such  as t rans lat ions In various directions, angle of 

v is ion,  posi t ioning of sect ion planes, or for the arbi t rary 

a x i s  ro ta t ions  as p resen ted  In [2 ] .  

F lgu re  4;  Hypothet lca l  mechanlsm controll lng 
x - a x l s  rotat lon. 

F igu re  5:  Hypothet ica l  mechanism controll ing 
combined x and y axes rotations. 

4. Implementation 

This sec t ion  descr ibes one part icular way  of 
Implement ing Number Wheels which has been found to 
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be capab le  and f lex ib le .  There are, however, many 
o t h e r  approaches  which could be taken to provide 
d i f f e r e n t  f ea tu res .  A fol lowing sect ion suggests some 
o f  t h e s e  varlat=ons and extensions. 

Implement ing a part icular  Number Wheel Is fair ly 
s t r a i g h t  fo rward .  A procedure to update an active 
Number Wheel  must be performed at each time interval 

(e .g .  1 / 6 0  second).  If the pen Is down on the rim of 
t he  whee l  (I.e. sur face of the tablet )  then the 
incremental change for the Number Wheel must be 

r e c a l c u l a t e d  by taking the relat ive change In position 
o f  the  pen s ince the last  t ime period (If the pen was 
a lso down last  t ime) and scaling It by a value which 

p rov ides  the  des i red amount of resolution over the 
Number Wheel 's  range. The current Incremental 
change  (poss ib ly  zero) Is then added to the current 
va lue  of  the  Number Wheel. At this time the value must 

a lso be t e s t e d  to see If It has reached one of the 

l imi ts of  the  va luator 's  def ined range. If It has, there 
a re  a t  l eas t  t w o  possible courses of action: 

Rese t  the Number WheePs value to Its 
oppos i te  limit and al low It to continue 
changing In the same direction (wrap 
around).  This Is similar in result to a 
cont inuous- turn rotary type 
po ten t lometer .  This type of action might 
be used for a valuator which controls the 
angle of  rotat ion about a part icular axis 
of  an o b j e c t  on display. The maximum 
end minimum might be 35g degrees and 
zero  degrees  so when the Number Wheel 
Is pushed up to and past  35g degrees, 
the  o b j e c t  wil l  continue rotating In the 
same manner as the valuator wraps 
around to zero. 

Simply s top changing the value of the 
Number Wheel; leaving i t  at  the limit until 
such t ime that  i t  is turned back In the 
oppos i te  direct ion. This type of action 
might be used for a valuator which Is 
contro l l ing the angle of vision for a 
three-d imens iona l  display. For example, 
the  maximum and minimum values might be 
17g  degrees  and one degree. When the 
user  pushes the Number Wheel to zoom in 
on the  ob jec t ,  i t  stops upon reaching one 
deg ree  and the only available action is to 
zoom back out. 

The cu r ren t  value of the Number Wheel may be used as 

requ i red  In calculat ing a display update or otherwise. 

For most  appl icat ions,  more than one Number Wheel 
w i l l  be  used.  Addit ional logic must then be provided to 

de te rm ine  which Number Wheel (or gang of Number 
Wheels ,  If t w o  or more are to be control led 
s imu l taneous ly  In the same area of the tab let )  the pen 
Is cu r ren t l y  control l ing, and/or  switches to control 
wh ich  s e t  of  Number Wheels is available through the 
s u r f a c e  of  the  tab le t  at  any given time. 

To make tt ~'asy to Implement Number Wheels for 
d i f f e r e n t  programs and make It a simple process to add 
Number Wheels or dynamical ly change exist ing Number 
Whee ls  (perhaps wi th another Number Wheel 
cont ro l l ing one of Its parameters!)  in a running program, 

th is  Implementat ion has a general ized design. A table 
Is u t i l i zed to hold the parameters which define the 
c h a r a c t e r i s t i c s  of the Individual valuators, In addition 

to  the  f e w  var iab les  required In the operation of each, 

such as the  current  value of the Number Wheel, 
w h e t h e r  It Is current ly  ac t ive  (at  the surface of the 
t a b l e t )  or not, the Incremental change, etc. All that  is 
requ i red  to add a new Number Wheel or change the 
c h a r a c t e r  of  an ex is t ing one Is to add or change an 
e n t r y  In this tab le.  

A s e t  of  s ix  parameters  has been se lec ted which 
a l l ow  simple spec i f ica t ion of a large class of d i f ferent  
Number Wheels.  They are: 

- The minimum value al lowed for the range 
of  the  Number Wheel. 

- The maximum value In the range. 

The number of  units of resolution In the 
va lua to r ' s  range or dist inct  steps 
b e t w e e n  the minimum and maximum 
va lues.  I t  should be noted that  the 
resolut ion of  the physical Input device 
does not limit this parameter or the two 
prev ious ones: they are only limited by 
the  numerical representat ion used In the 
calculat ions.  

The number of units of resolution on the 
Input dov lce  which are to correspond to 
one of the above defined units of 
resolut ion of  the logical valuator. This 
parameter ,  In conjunction with the 
prev ious one establ ishes the ratio 
b e t w e e n  the physical distance the pen Is 
moved and the amount that  the valuator 
changes.  

The t y p e  of l imit  condition desired. The 
cho ices for this are ei ther "wrap around" 
or  " s top" ,  expla ined earl ier In this 
sec t ion .  

105 



- An indicat ion of whtch controlling variable 
Is to  be used. This variable controls the 
Incrementa l  change used In updating the 
Number Wheel and wil l  normally be the 
change In the pen's location, from one 
t ime per iod to the next ,  In either the x or 
y d i rec t ion.  

I t  might also be desirable to Identi fy a part icular 
w i n d o w  or sub-a rea  of the tab le t  through which each 

pa r t i cu la r  Number Wheel appears. However, 
e x p e r i e n c e  has shown that  It Is usually more 
c o n v e n i e n t  for  each Number Wheel to cover the entire 
s u r f a c e  o f  the tab le t  wi th  the added provision of a se t  
o f  log ical  bu t tons  wi th  which the user may se lect  one 
or  t w o  of a s e t  of  Number Wheels to be available on 
t h e  t a b l e t  a t  any given time. This f rees a user of the 
n e e d  to  put  the  pen down on a particular area of the 
t a b l e t  whi le  using a Number Wheel; allowing one to 
c o n c e n t r a t e  on v iewing the display as opposed to 

wo r r y i ng  about  the location of the pen on the tablet .  
This might  seem a small point but it adds to the ease of 

use or hab i tab i l i t y  of the system and thus Improves the 
ab i l i t y  to  quick ly  gain a complete percept ion of the 

th ree -d imens iona l  forms being displayed. 

Addi t ional  deta i ls  and more complete descript ions of 
use of  the  Number Wheel may be found In [7 ] .  

5.  Extensions 

In addi t ion to Its application to dynamic 
th ree -d imens iona l  positioning, the Number Wheel will 

f unc t i on  wel l  for  many other uses as a general 
I n t e r a c t i v e  va luator  device.  An even larger class of 
va lua to rs  Is possible using the same basic logic 
d e s c r i b e d  here for the Number Wheel by expanding the 
d imensions of var iat ion descr ibed earlier. Examples of 
t h e s e  var ia t ions are; 

Use of  control l ing var iables other than 
the  change In x or y position of a pen on 
t a b l e t  to  calculate the incremental 
change for the valuator. These might 
Include the absolute pen coordinates (as 
opposed  to re la t ive to the previous 
posi t ion),  'the change in x or y position 
modi f ied by some non-l inear function to 
p rov ide  a w ider  range of veloci t ies of 
change,  or values obtained from other 
phys ica l  dev ices such as remote 
manipulators,  rotary potent lometers,  or 
Joyst icks:  providing an ex t ra  level of 
f l ex ib i l i t y  over  the physical devices. 

An addi t ional  definit ional parameter could 
be used to apply braking to a f reely 
ro ta t ing  Number Wheel. This might be 
thought  of  as speci fy ing the amount of 
f r ic t ion In the bearings of the wheel, 
going back to the previously made 
phys ica l  analogy of the Number Wheel. 
This would control the amount of time 
requ i red  for a Number Wheel to slow to a 
s top  when le f t  rotat ing. 

In addi t ion to the above fr ict ion 
parameter ,  It might be des&able to have a 
spring return which pulls the valuator 
back  to a "home" poslt lon when released. 

Addi t ional  a l ternat ive responses to 
reach ing a Number Wheel 's range limit 
might be provided,  such as switching the 
d i rec t ion  of change, or "bouncing back" In 
the  oppos i te  direct ion when a limit Is 
reached.  

Finally, for  some appl icat ions It might 
.even be helpful to be able to define a 
non-cont inuous range over which the 
va lua to r  may opera te .  

6.  Summary 

For the  in te rac t i ve  control of three-dimensional 
pos i t ion ing,  for  which the Number Wheel was originally 
des igned ,  It has proven to be a very convenient and 
f l e x i b l e  dev ice ,  overcoming many of the limitations 
found in prev ious ly  used logical valuators (such as 
log ica l  s l ide potent lometers ,  rate controls, or the well  

known "L ight  Handle" [ 6 ] )  and physical valuators (such 

as po ten t l ome te r s  or joyst icks) ,  Character ist ics of the 
Number Wheel  contr ibut ing to its success Include: 

- T h e  resolut ion is l imited only by the 
numerical  representa t ion used. 

-Gross changes In value can be made 
quick ly  and easi ly. 

The re  is a capac i t y  for easy "f ine tuning" 
of  spec i f i c  values at  the level of the 
Number Wheel 's  resolution. 

Smooth and continuous change of value 
many t imes per second are provided for 
contro l l ing updates of a dynamic display. 

- There Is s choice of how the limit 
condi t ion Is handled, something not found 
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in most physical  devices.  R e f e r e n c e s  

A par t icu lar  ra te  of change may be set  
in i t ia l ly  which Is automatical ly continued 
Indef in i te ly  w i thout  further action from 
the user. 

There ;s a close correspondence 
b e t w e e n  the numerical value being 
changed and the physical movements 
requ i red  by a user to control such 
change.  This Is provided In three 
manners:  when the pen Is on the tab let  
the  value changes when the pen moves 
and not when it  Is sti l l  (as Is done In 
t a b l e t  based valuators which control the 
r a t e  of  change),  the value can change in 
a d i rect ion which corresponds to the 
d i rec t ion of  pen movement, and the value 
changes at a speed relat ive to the speed 
of  the Init iat ing pen movement. 

I n te rac t i ve  control of a dynamic numeric 
va lue does not require the constant 
a t ten t ion  of the user to the fact  that  he 
Is control l ing a numeric value as such. 

The use of Number Wheel controls Is 
eas i ly  learned and feels "natural" to the 
user:  des i red results are obtained with 
s p e e d  and ease.  

Many uses of computer graphics to display 
p ro j ec t i ons  of  three-dimensional  shapes are to Impart 

some addi t ional  percept ion of the actual 
th ree -d imens iona l  form to a human user. It is common 
to  use severa l  cues In trying to enhance this 
th ree -d imens iona l  percept ion,  such as perspect ive 
p ro jec t i on ,  decreas ing Intensity of lines with their 
d i s t ance  from the observer  position, removing hidden 
l ines,  and shaded sur face displays. Even with all of 

t h e s e  s ta t i c  three-dimensional  cues, the single most 
e f f e c t i v e  aid to  spat ia l  percept ion is a user's abil i ty to 
I n t e r a c t i v e l y  animate movement of the ob jec t  as he 

might  des i re .  The e x t e n t  to which the user can 
a c c u r a t e l y  and natural ly control such motion can have 
a la rge  e f f e c t  upon the user% complete perception of 

the  th ree-d imens iona l  space. The use of the Number 

Whee l  can help shorten this s tep to complete 
pe rcep t i on .  
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