
F or m or e t h a n a d e c a d e r e s e ar c h er s h a v e tri e d t o cr e-
at e i nt uiti v e c o m p ut er i nt erf a c e s b y bl e n di n g r e ali-

t y a n d virt u al r e alit y. T h e g o al i s f or p e o pl e t o i nt er a ct
wit h t h e di git al d o m ai n a s e a sil y a s wit h t h e r e al w orl d.
V ari o u s a p pr o a c h e s h el p u s a c hi e v e t hi s —i n t h e ar e a
of t a n gi bl e i nt erf a c e s, w e u s e r e al o bj e ct s a s i nt erf a c e
wi d g et s; i n a u g m e nt e d r e alit y, r e s e ar c h er s o v erl a y 3 D
virt u al i m a g er y o nt o t h e r e al w orl d; a n d i n V R i nt er-
f a c e s, w e e nti r el y r e pl a c e t h e r e al w o rl d wit h a c o m-
p ut er- g e n er at e d e n vir o n m e nt.

A s Mil g r a m p oi nt e d o ut, 1 t h e s e t y p e s of c o m p ut e r
i nt erf a c e s c a n b e pl a c e d al o n g a c o nti n u u m a c c or di n g
t o h o w m u c h of t h e us er’s e n vir o n m e nt is c o m p ut er g e n-
er at e d ( Fi g ur e 1 ). T a n gi bl e i nt erf a c es li e f ar t o t h e l eft o n
t his r e alit y – virt u alit y li n e, w hil e i m m er si v e virt u al e n vi-
r o n m e nt s ar e at t h e ri g ht e xtr e mit y. M o st c ur r e nt u s er
i nt erf a c e s e xi st a s di s cr et e p oi nt s al o n g t hi s c o nti n u u m.

H o w e v er, h u m a n a cti vit y c a n’t al w a y s b e br o k e n i nt o
di s cr et e c o m p o n e nt s a n d f or m a n y t a s k s u s er s m a y pr e-
f er t o m o v e s e a ml e s sl y al o n g t h e r e alit y – virt u alit y c o n-
ti n u u m.  T hi s  p r o v e s  t r u e  w h e n  i nt e r a cti n g  wit h  3 D
g r a p hi c al c o nt e nt, eit h e r c r e ati n g vi rt u al m o d el s o r
vi e wi n g t h e m. F or e x a m pl e, if p e o pl e w a nt t o e x p eri-
e n c e a virt u al s c e n e fr o m diff er e nt s c al e s, t h e n i m m er-
si v e virt u al r e alit y m a y b e i d e al. If t h e y w a nt t o h a v e a
f a c e-t o-f a c e di s c u s si o n w hil e vi e wi n g t h e virt u al s c e n e,
a n  a u g m e nt e d  r e alit y  i nt e rf a c e  m a y  b e  b e st. 2 T h e
M a gi c B o o k pr oj e ct i s a n e arl y att e m pt t o e x pl or e h o w
w e c a n us e a p h y si c al o bj e ct t o s m o ot hl y tr a ns p ort us er s
b et w e e n r e alit y a n d virt u alit y. 

M a gi c B o o k i n t e r f a c e
Y o u n g c hil dr e n oft e n f a nt a si z e a b o ut fl yi n g i nt o t h e

p a g e s of a f air y t al e a n d b e c o mi n g p art of t h e st or y. T h e
M a gi c B o o k pr oj e ct m a k e s t hi s f a nt a s y a r e alit y u si n g a
n or m al b o o k a s t h e m ai n i nt erf a c e o bj e ct. P e o pl e c a n
t ur n t h e p a g es of t h e b o o k, l o o k at t h e pi ct ur es, a n d r e a d

t h e t e xt wit h o ut a n y a d diti o n al t e c h n ol o g y ( Fi g ur e 2 a ).
H o w e v er, if a p er s o n l o o k s at t h e p a g e s t hr o u g h a n a u g-
m e nt e d  r e alit y  di s pl a y,  t h e y  s e e  3 D  vi rt u al  m o d el s
a p p e a ri n g o ut of t h e p a g e s ( Fi g u r e 2 b ). T h e m o d el s
a p p e ar att a c h e d t o t h e r e al p a g e s o u s er s c a n s e e t h e
a u g m e nt e d r e alit y s c e n e fr o m a n y p er s p e cti v e b y m o v-
i n g t h e m s el v e s or t h e b o o k. T h e virt u al c o nt e nt c a n b e
a n y si z e a n d is a ni m at e d, s o t h e a u g m e nt e d r e alit y vi e w
i s a n e n h a n c e d v er si o n of a tr a diti o n al 3 D p o p- u p b o o k. 

U s er s c a n c h a n g e t h e virt u al m o d el s b y t ur ni n g t h e
b o o k p a g es. W h e n t h e y s e e a s c e n e t h e y p arti c ul arl y li k e,
t h e y c a n fl y i nt o t h e p a g e a n d e x p eri e n c e t h e st or y as a n
i m m er si v e virt u al e n vir o n m e nt ( Fi g ur e 2 c ). I n t h e V R
vi e w, t h e y’ r e f r e e t o m o v e a b o ut t h e s c e n e at will, s o
u si n g t h e M a gi c B o o k p e o pl e c a n e x p e ri e n c e t h e f ull
r e alit y – virt u alit y c o nti n u u m.

R e al b o o k s oft e n s er v e a s t h e f o c u s f or f a c e-t o-f a c e
c oll a b or ati o n a n d i n a si mil ar w a y m ulti pl e p e o pl e c a n
u s e t h e M a gi c B o o k i nt erf a c e at t h e s a m e ti m e. S e v er al
r e a d er s c a n l o o k at t h e s a m e b o o k a n d s h ar e t h e st or y
t o g et h er. If t h e y’r e usi n g t h e a u g m e nt e d r e alit y dis pl a ys,
t h e y c a n e a c h s e e t h e vi rt u al m o d el s f r o m t h ei r o w n
vi e w p oi nt. Si n c e t h e y c a n s e e e a c h ot h er at t h e s a m e
ti m e as t h e virt u al m o d els, t h e y c a n e asil y c o m m u ni c at e
u si n g n or m al f a c e-t o-f a c e c o n v er s ati o n c u e s. 

M ulti pl e u s er s c a n i m m er s e i n t h e s a m e virt u al s c e n e
w h er e t h e y’ll s e e e a c h ot h er r e pr es e nt e d as virt u al c h ar-
a ct er s ( Fi g ur e 3 a ). M or e i nt er esti n gl y, o n e or m or e p e o-
pl e m a y i m m er s e t h e m s el v e s i n t h e virt u al w orl d w hil e
ot h er s vi e w t h e c o nt e nt a s a n a u g m e nt e d r e alit y s c e n e.
I n t hi s c a s e, t h o s e vi e wi n g t h e a u g m e nt e d r e alit y s c e n e
will s e e a mi ni at ur e a v at ar of t h e i m m er si v e u s er i n t h e
virt u al w orl d ( Fi g ur e 3 b ). I n t h e i m m er si v e w orl d, p e o-
pl e vi e wi n g t h e a u g m e nt e d r e alit y s c e n e a p p e ar as l ar g e,
virt u al h e a ds l o o ki n g d o w n fr o m t h e s k y. T his w a y, p e o-
pl e ar e al w a y s a w ar e of t h e ot h er u s er s of t h e i nt erf a c e
a n d w h er e t h e y ar e l o o ki n g.

T h u s, M a gi c B o o k s u p p o rt s c oll a b o r ati o n o n t h r e e
l e v el s:

■ As a p h ysi c al o bj e ct. Si mil ar t o u si n g a n or m al b o o k,
m ulti pl e u s er s c a n r e a d t h e b o o k t o g et h er.

■ As a n a u g m e nt e d r e alit y o bj ect. Us er s wit h a u g m e nt e d
r e alit y di s pl a y s c a n s e e virt u al o bj e ct s a p p e ari n g o n
t h e p a g e s of t h e b o o k fr o m t h eir o w n vi e w p oi nt.  

M a r k

Billi n g h u r st

U ni v e r sit y of

W a s hi n gt o n

Hi r o k a z u K at o 

Hi r o s hi m a Cit y
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I v a n P o u p y r e v 

S o n y C o m p ut e r

S ci e n c e

L a b o r at o ri e s
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1 Mil g r a m’s r e alit y – vi rt u alit y c o nti n u u m. 
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■ As a n i m m e rsi v e vi rt u al s p a c e. U s er s c a n fl y i nt o t h e
virt u al s p a c e t o g et h er a n d s e e e a c h ot h er r e pr e s e nt-
e d a s virt u al a v at ar s i n t h e st or y s p a c e. 

M a gi c B o o k t e c h n ol o g y
T h e M a gi c B o o k i nt erf a c e c o n si st s of a h a n d h el d a u g-

m e nt e d r e alit y di s pl a y ( H H D ), a c o m p ut e r g r a p hi c s
w or k st ati o n, a n d t h e p h y si c al b o o k. U s er s h a v e t h eir
o w n h a n d h el d di s pl a y a n d c o m p ut er t o g e n er at e t h eir
i n di vi d u al s c e n e vi e ws. T h es e c o m p ut er s ar e n et w or k e d
t o g et h er t o e x c h a n g e i nf or m ati o n a b o ut a v at ar p ositi o ns
a n d t h e virt u al s c e n e e a c h us er vi e ws. T h e H H D is a h a n-
dl e wit h a S o n y Gl a s str o n P L M- A 3 5 di s pl a y m o u nt e d at
t h e t o p, a n I nt er S e n s e I nt er Tr a x i n erti al tr a c k er at t h e
b ott o m, a s m all c ol or vi d e o c a m er a o n t h e fr o nt of t h e
Gl asstr o n dis pl a y, a n d a s wit c h a n d pr ess ur e p a d e m b e d-
d e d i n t h e h a n dl e ( Fi g ur e 4 ). T h e P L M- A 3 5 is a l o w- c ost
bi o c c ul ar di s pl a y wit h t w o li q ui d cr y st al di s pl a y ( L C D )
p a n el s of 2 6 6 × 2 2 5 pi x el r e s ol uti o n. 

T h e c a m er a o ut p ut c o n n e ct s t o t h e c o m p ut er g r a p h-
i cs w or k st ati o n. C o m p ut er gr a p hi cs o v erl a y vi d e o of t h e
r e al w orl d a n d t h e r e s ulti n g c o m p o sit e i m a g e i s s h o w n
i n t h e Gl a s str o n di s pl a y. I n t hi s w a y, u s er s e x p eri e n c e
t h e r e al w orl d a s a vi d e o- m e di at e d r e alit y.

T h e b o o k s us e d i n t h e M a gi c B o o k i nt erf a c e ar e n or m al
b o o k s wit h t e xt a n d pi ct ur es o n e a c h p a g e. C ert ai n pi c-
t ur es h a v e t hi c k, bl a c k b or d er s t h at ar e us e d as tr a c ki n g
m ar k s f or a c o m p ut er visi o n- b as e d h e a d-tr a c ki n g s yst e m.
W h e n t h e r e a d er l o o k s at t h e s e pi ct ur e s t hr o u g h t h e
h a n d h el d dis pl a y, c o m p ut er visi o n t e c h ni q u es pr e cis el y
c al c ul at e t h e c a m er a p ositi o n a n d ori e nt ati o n r el ati v e t o
t h e tr a c ki n g m ar k. T h e h e a d tr a c ki n g us es t h e a u g m e nt-
e d r e alit y t o ol kit ( A R T o ol Kit ) tr a c ki n g li br ar y, a n o p e n-
s o ur c e  s oft w ar e  li br ar y  f or  d e v el o pi n g  vi si o n- b a s e d
a u g m e nt e d r e alit y a p pli c ati o ns (s e e t h e A R T o ol Kit W e b
sit e, htt p: / / w w w. hitl. w as hi n gt o n. e d u /r es e ar c h /s h ar e d _
s p a c e / d o w nl o a d / ). O n c e t h e c o m p ut er c al c ul at e s t h e
u s er’ s h e a d p o siti o n, it g e n er at e s virt u al i m a g e s t h at
a p p e ar  pr e ci s el y  r e gi st er e d  wit h  t h e  r e al  p a g e s.  T h e
M a gi c B o o k a p pli c ati o n c a n tr a c k t h e us er’s h e a d p ositi o n
a n d r e n d er gr a p hi cs at 3 0 fr a m es p er s e c o n d o n a P e nti u m
III 8 0 0- M H z c o m p ut er.

W h e n us er s s e e a n a u g m e nt e d r e alit y s c e n e t h e y wis h
t o e x pl or e, fli c ki n g t h e s wit c h o n t h e h a n dl e will tr a nsiti o n
t h e m i nt o t h e i m m er si v e e n vir o n m e nt. T h e r e al w orl d is
n o l o n g er visi bl e, s o t h e h e a d tr a c ki n g c h a n g es fr o m t h e
c o m p ut er- vi si o n  m o d ul e  t o  t h e  I nt er Tr a x  i n erti al-

I E E E C o m p ut e r G r a p hi c s a n d A p pli c ati o n s 7
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orientation tracker. Readers can look around the scene
in any direction. By pushing the pressure pad on the han-
dle, they can fly in the direction they’re looking. The hard-
er they push, the faster they fly. To return to the real world,
users flick the switch again.

The Opera glass form factor of the handheld display
encourage seamless transistion between reality and vir-
tual reality. Users can look through the display to see
augmented reality and VR content but can return to
viewing the real world by removing the display from
their eyes. The handheld display is also easy to share,
enabling several people to try a single display unit and
see the same content as they pass it among themselves.

Potential applications
The MagicBook software incoporates a complete

Virtual Reality Modeling Language (VRML) 97 parser.
Content developers can use the parser to show almost
any virtual imagery using this interface. We’ve created
nearly a dozen books in a variety of application
domains—including architecture, scientific visualiza-
tion, education, and entertainment. Once the virtual
content is created, it’s easy to make the physical book
pages, train the computer vision system to recognize the
particular tracking markers on each page, and update
the configuration files to load the correct content.

The low cost and ease of use makes the MagicBook
interface an attractive means of viewing almost any spa-
tial data. Those applications that involve moving
between exocentric and egocentric views of a data set
could benefit the most from this approach.

Conclusions
As computers become more ubiquitous and invisible,

we need new interfaces that blur the line between real-
ity and virtuality and let users easily move between the
physical and digital domains. The MagicBook is an early
attempt at a transitional interface for viewing spatial
data sets. In addition, the MagicBook supports collabo-
ration on multiple levels.

Although initial user feedback has been positive, we
continue to improve the interface. In the future, we plan

on exploring more intuitive ways for users to navigate
through and interact with the virtual models. We’re also
working on integrating the MagicBook approach into
an environment with projective displays, which will
allow a seamless transition between 2D and 3D views
of a data set in a traditional office setting.

For more information about this project and a copy
of the ARToolKit software, please visit http://www.hitl.
washington.edu/magicbook/.
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