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A B S T R A C T

T h is  p a p e r  d e sc r ib e s  th e  d e v e lo p m e n t o f  a  K o re a n
a d d re ss  e n try /re tr ie v a l  sy s te m  u s in g  b im o d a l in p u t;
sp e e c h  re c o g nit io n  a n d  to u c h  se n s i t iv e  d isp la y . T h e
sy s te m  w o rk s  o n  a  p e rso n a l c o m p u te r  a n d  e m p lo y s
a u to m a tic  sp e e c h  re c o g nit io n  a n d  to u c h  se n s i t iv e
d isp la y  te c h n iq u e s  a s  u se r  in te r fa c e  fo r  in p u t K o re a n
a d d re ss , w h ic h  c o n s is te d  w ith  a b o u t 4 0 ,0 0 0  w o rd s . T o
m e e t th e  n e e d s  th a t p ra c t ic a l  sp e e c h  re c o g nit io n  sy s te m
sh o u ld  b e  w o rk e d  in  re a l  t im e  w ith o u t a n y  d e g ra d a t io n
o f  p e r fo rm a n c e  o f  re c o g n it io n  a c c u ra c y , 1 )sp e a k e r  a n d
e n v iro n m e n ta l  a d a p ta t io n  b y  M a x im u m  a  p o s te r io r i
(M A P )  e s t im a t io n  w e re  a d o p te d  fo r  h ig h e r  re c o g nit io n
a n d  2 ) fa s t se a rc h  b y  tre e -s tru c tu re d  le x ic o n  a n d  f ra m e
sy n c h ro n o u s  b e a m  se a rc h  te c h n iq u e  w e re  e m p lo y e d  fo r
re a l  t im e  re sp o n se . T o  o f fe r  m o re  c o n v e n ie n t u se r
in te r fa c e , to u c h  se n si t iv e  d isp la y  is  a lso  im p le m e n te d .
A s  th e  re su lts ,  th e  sy s te m  w o rk e d  in  3  se c o n d s  a f te r
c o m p le t io n  o f  a d d re ss  u tte ra n c e  w ith  se n te n c e
re c o g n it io n  a c c u ra c y  o f  a b o v e  9 6 % .

1 .  I N T R O D U C T I O N

W ith  th e  g ro w th  o f  m u lt im e d ia  a n d  h ig h -sp e e d
in fo rm a tio n  n e tw o rk  te c h n o lo g ie s , b u s in e sse s  th ro u g h
c o m m u n ic a t io n  n e tw o rk  h a v e  b e e n  in c re a se d
re m a rk a b ly . F u r th e rm o re , w ith  th e  g ro w in g  d e m a n d s  fo r
th e  h ig h  q u a l i ty  o f  se rv ic e s  in  sa le s  a n d  fo r  m a n a g in g
th e  c u s to m e r ’s  in fo rm a tio n , a n d  fo r  th e  d e l iv e ry  o f
c o m m o d it ie s  e tc . ,  a d d re ss  in p u ts  to  th e  p e rso n a l
c o m p u te r  a re  n o w  c o m m o n . T h is  k in d s  o f  d a ta  in p u t b y
h a n d  c o u ld  b e  p ro c e sse d  fa s t a n d  e f fe c t iv e ly  b y
e m p lo y in g  m u lt i -m o d a l in te r fa c e s  su c h  a s  sp e e c h ,
g e s tu re , h a n d w r i t in g , fa c e  tra c k in g  a n d  so  o n . M ult i -
m o d a l in te r fa c e  te c h n iq u e  to  m a k e  th is  k in d  o f  w o rk
p o ss ib le  h a s  b e e n  m a d e  c o n s id e ra b le  p ro g re ss  o v e r  th e
la s t fe w  y e a rs  a n d  m a n y  sy s te m s w e re  d e v e lo p e d  so  fa r ;
fo r  e x a m p le , S P H IN X -I I [1 ] ,  J A N U S -I I I [2 ]  o f  C a rn e g ie
M e l lo n  u n iv e rs i ty ,  D R A G O N  sy s te m  o f  S ta n fo rd
u n iv e rs i ty ,  S U M M IT  a n d  G A L A X Y  o f  M IT , A S U R A  o f
A T R  In te rp re t in g  T e le c o m m u n ic a t io n s  R e se a rc h  L a b s ,
J a p a n , S P O J U S -S Y N O [3 ]  o f  T o y o h a sh i u n iv e rs i ty  o f
T e c h n o lo g y , J a p a n .

B u t th e re  h a s  b e e n  re p o r te d  v e ry  fe w  su c h  a  sy s te m  in
K o re a . T h e  b a s ic  id e a  o f  th e  d e v e lo p m e n t o f  a n  a d d re ss
e n try  /re tr ie v a l  w ith  b im o d a l in p u t in te r fa c e s , sp e e c h
re c o g n it io n  a n d  to u c h  se n s i t iv e  d isp la y  te c h n iq u e ,
w o rk in g  o n  a  p e rso n a l c o m p u te r  is  b a se d  o n  th e
te c h n iq u e s  re su lte d  f ro m  th e se  p ra c t ic a l  sy s te m

2 .  S Y S T E M  O V E R V I E W

T h e  sy s te m  w o rk s  o n  a  p e rso n a l c o m p u te r  w ith  a  b u i l t  in
so u n d  c a rd  a n d  m o u se . U se rs  c a n  in p u t a d d re ss  u s in g
n o t o n ly  b im o d a l in p u ts  b y  sp e e c h  o r  to u c h  se n si t iv e
d isp la y  b u t a lso  k e y b o a rd  o r  m o u se . F ig u re  1  i l lu s tra te s
th e  o v e ra l l  b lo c k  d ia g ra m  o f  th e  sy s te m . In  th is  sy s te m ,
i f  sp e e c h  re c o g nit io n  fo r  u p p e r -c la ss  a d d re ss  c o m p o n e n t
is  c o m p le te d , th e  sy s te m  d isp la y s  lo w e r -c la ss  c a n d id a te s
b e lo n g  to  th e  a d d re ss  se t.  I t  c a n  b e  p o ss ib le  b e c a u se
K o re a n  a d d re ss  is  c o n s is te d  b y  a  h ie ra rc h ic a l  o rd e r .

F ig u r e  1 :  S y s t e m  o v e r v i e w  o f  B i m o d a l  K o r e a n
a d d r e s s  e n t r y  / r e t r i e v a l  s y s t e m .
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3 .  S P E E C H  D A T A

A ll  sp e e c h  d a ta  a re  sa m p le d  a t 1 6 K H z  w ith  a c c u ra c y
1 6 b its ,  p re -e m p h a s iz e d  w ith  1 -0 .9 8 z-1 a n d  d iv id e d  in to
fra m e s  o f  1 6 m se c  a t a  ra te  o f  5 m se c . E a c h  f ra m e  is
m u lt ip l ie d  b y  a  H a m m in g  w in d o w  w ith
1 6 m se c (2 5 6 sa m p le s ) .  F ro m  th e se  sm o o th e d  spe e c h
sa m p le s , 1 4  L P C  c o e f f ic ie n ts  a re  e x tra c te d  b y  a u to -
c o r re la t io n  m e th o d . A  se t o f  1 0  M F C C s is  th e n
c o m p u te d  f ro m  th e  L P C  c o e f f ic ie n ts  a n d  a re  u se d  a s
fe a tu re  p a ra m e te rs . W e  a d d e d  1 0  re g re ss io n  c o e f f ic ie n ts
(R G C )  a s  d y n a m ic  fe a tu re s  [4 ] .

4 4 5  p h o n e m e  b a la n c e d  K o re a n  w o rd s  u tte re d  b y  1 4
m a le  in  so u n d  p ro o f  b o o th  w ith  p h o n e m e -la b e le d
in fo rm a tio n  a re  u se d  fo r  t ra in in g  in i t ia l  H M M s.
U tte ra n c e s  b y  3  m a le  w ith  2  d i f fe re n t m ic ro p h o n e s  in
o f f ic e  a re  u se d  fo r  a d a p ta t io n  a n d  re c o g n it io n . T a b le  1
sh o w s  th e  sp e e c h  d a ta  a n d  sy s te m  e n v iro n m e n ts .

S p eak e r
(N u m b er) M a le (1 4 ) M a le (3 )

U tte ran ce
typ e (# )

P B W s(4 4 5 ) C o n n ec ted
W o rd (2 5 )

C o n n ec ted
W o rd (7 5 )

#  o f
u tte ran ce

1 1 1

U sag e T ra in in g A d ap ta tio n R eco g n itio n

E n v iro n
-m en t

S o u n d
P ro o f b o o th

O ff ice

R eco rd
d ev ice

D A T
R eco rd e r

P C (S o u n d  C ard )

M ic ro
-p h o n e

D yn am ic
H ead se t

D u a l-ch an n e l,
C o n d en se r D esk to p
D yn am ic  H ead se t

T a b le  1 : S p e e c h  d a t a  f o r  t r a i n i n g ,  a d a p t a t i o n  a n d
r e c o g n i t i o n.

4 .  H M M  T R A I N I N G  A N D
E N V I R O N M E N T A L  A D A P T A T I O N

E a c h  P L U  is  c h a ra c te r iz e d  b y  a  le f t- to -r ig h t C o n t in u o u s
H id d e n  M a rk o v (C H M M ) m o d e l o f  4 -s ta te s  3 -o u tp u t
p ro b a b i l i ty  w ith  a  fu l l  c o v a r ia n c e  m a tr ix  w ith o u t sk ip .

S p e e c h  re c o g nit io n  sy s te m s tu n e d  to  th e  spe e c h  u tte re d
in  a  sp e c i f ic  e n v iro n m e n t te n d s  to  h a v e  in e v i ta b le
d e g ra d a t io n  o f  p e r fo rm a n c e  w h e n  th e y  a re  u se d  in  so m e
o th e r  e n v iro n m e n ts  d u e  to  v a r ia t io n s  in  sp e e c h
c h a ra c te r is t ic s  [5 ] .  T o  a d a p t C H M M s to  th e  d i f fe re n t
e n v iro n m e n t, M A P  e s t im a t io n  is  u se d . I t  c a n  u p d a te  a l l
o f  th e  a c o u s t ic  p a ra m e te rs  d ire c t ly .  T h is  is  c a l le d
in c re m e n ta l  a d a p ta t io n  b e c a u se  th e  a d a p ta t io n  d a ta  is

a v a i la b le  to  th e  sy s te m  se q u e n t ia l ly ,  i .e . ,  th e  a d a p ta t io n
a lg o r i th m  c o n t in u e s  a d a p t in g  th e  sy s te m  to  th e  n e w
e n v iro n m e n t a s  lo n g  a s  fu r th e r  a d a p ta t io n  d a ta  b e c o m e s
a v a i la b le . M A P  e s t im a t io n  is  d e f in e d  a s  e q u a t io n  (1 ) .
U s in g  e q u a t io n  (1 ) ,  i t  is  p o ss ib le  to  re e s t im a te
a d a p ta t io n  p a ra m e te rs  e v e n  i f  o n ly  o n e  sa m p le  is  g iv e n .

(1 )

W h e re , X 1, X2,,…  ,XN in d ic a te  N  sa m p le s .

5 .  F A S T  S E A R C H  A L G O R I T H M

5 .1 . T ree -s t ru c tu red  lex ico n

S in c e  th e  p ro n u n c ia t io n  o f  tw o  o r  m o re  w o rd s  c o n ta in
th e  sa m e  n  in i t ia l  p h o n e m e s , th e y  sh a re  a  s in g le
se q u e n c e  o f  n  H M M  m o d e ls  re p re se n t in g  th e  in i t ia l
p o r t io n  o f  th e ir  p ro n u n c ia t io n [6 ] .  I t  ta k e s  a n  im p o r ta n t
ro le  fo r  th e  im p ro v e m e n t o f  p e r fo rm a n c e  o f  fa s t se a rc h
te c h n iq u e . A n d  i t  is  b e tte r  to  c o n s tru c t th e  H M M s to  b e
se a rc h e d  a s  a  p h o n e t ic  t re e  th a n  to  c o n s tru c t a  f la t
s tru c tu re  o f  in d e p e n d e n t l in e a r  H M M  se q u e n c e s  fo r
e a c h  w o rd . A n  e x a m p le  o f  t re e -s tru c tu re d  le x ic o n  fo r
c o n n e c te d  w o rd  re c o g n it io n  u se d  in  o u r  sy s te m  is  sh o w n
in  F ig u re  2 .

F ig u r e  2 :  A n  e x a m p l e  o f  t r e e - s t r u c t u r e d  l e x i c o n
f o r  c o n n e c t e d  w o r d  r e c o g n i t i o n .

5 .2 . B ea m  sea rch  a n d  P ru n in g

S p e e c h  re c o g nit io n , se a rc h in g  fo r  th e  m o s t l ik e ly
se q u e n c e  g iv e n  th e  in p u t sp e e c h , g iv e s  r ise  to  a n
e x p o n e n t ia l  se a rc h  sp a c e  i f  a l l  p o ss ib le  se q u e n c e s  a re
c o n s id e re d . S e a rc h  sp a c e  c a n  b e  re d u c e d  re m a rk a b ly  b y
u s in g  th e  b e a m  se a rc h  te c h n iq u e  s in c e  b e a m  se a rc h
e v a lu a te  re la t iv e ly  fe w  p a r t ia l  p a th s  fo r  e a c h  f ra m e .
T h e re fo re , m o s t o f  p a th s  th a t th e ir  e x te n s io n s  a re  n o t
g u a ra n te e d  a re  p ru n e d  [7 ] .

W h e n  (i ,  j* )  is  th e  p o in t w ith  th e  b e s t p a th  a t i ,  th e  p a th
to  a n y  (i ,  j )  is  a  c a n d id a te  fo r  e x te n s io n  a t f ra m e  i + 1
o n ly  i f  th e  c o s t sa t is fy .
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(2 )

T h e  m a in  p ro b le m  in  b e a m  se a rc h  m e th o d  is  th e
l ik e l ih o o d  a c c u ra c y  b e tw e e n  a c o u s t ic  m o d e l a n d  e a c h
c a n d id a te . S in c e  a p p ly in g  s tr ic t  c o n d it io n  o f  b e a m  w id th
a n d  p ru n in g  th re sh o ld  m a y  p ru n e  th e  p a th  in  th e  m id d le
o f  p ro c e ss  in  p a th  se le c t io n  e v e n  i f  th e  p a th  c o u ld  b e
o p t im a l a t  th e  e n d  o f  f ra m e , th e  c o n d it io n  n e e d  to  b e
s im p le r  fo r  g u a ra n te e in g  o p t im a l p a th . H o w e v e r , i t
e n la rg e s  th e  se a rc h  sp a c e  a n d  re q u ire s  m o re  se a rc h in g
t im e . T o  so lv e  th is  p ro b le m , a  f ra m e -sy n c h ro n o u s
v a r ia b le (F S V )  p ru n in g  th re sh o ld  is  a d o p te d  to  g e t m o re
f le x ib le  re s tr ic te d  se a rc h  sp a c e . F ra m e -sy n c h ro n o u s
v a r ia b le  p ru n in g  th re sh o ld  is  th a t th e  th re sh o ld  v a r ie s
a c c o rd in g  to  th e  p ro c e ss  o f  se a rc h . T h a t is ,  th e  th re sh o ld
v a lu e  is  re la t iv e ly  s im p le  a t th e  s ta r t  f ra m e  b u t i t
b e c o m e s  m o re  re s tr ic te d  a t e n d  f ra m e .

6 .  E X P E R I M E N T A L  E V A L U A T I O N

6 .1 . B a se l in e  p e r fo rm a n ce

O n e  P a ss  D y n a m ic  P ro g ra m m in g (O P D P )  a lg o r i th m  is
u se d  fo r  re c o g n it io n [8 ] .  T h e  a lg o r i th m  re q u ire s  le ss
m e m o ry  sp a c e s  a n d  le ss  se a rc h in g  t im e . T h e  b a se l in e
a d d re ss (c o n s is te d  b y  c o n n e c te d  w o rd s )  re c o g n it io n  te s ts
u s in g  M F C C ’s  a n d  R G C ’s  a s  fe a tu re  p a ra m e te rs  w e re
c o n d u c te d . T h e  te s ts  w e re  p e r fo rm e d  b y  o f f - l in e   o n
th e  w o rk s ta t io n . T h e  re c o g n it io n  re su lts  fo r  a d d re sse s
(c o n n e c te d  w o rd  re c o g n it io n  ra te ; C W R R ) a n d  fo r  e a c h
w o rd s  c o n s is t in g  a d d re sse s(w o rd  re c o g n it io n  ra te ;
W R R )  b y  3  m a le  sp e a k e rs  w e re  sh o w n  in  T a b le  2 . T h e
te s ts  a re  c a r r ie d  o u t se p a ra te ly  w ith  tw o  d i f fe re n t
m ic ro p h o n e s , c o n d e n se r  d e sk to p  a n d  d y n a m ic  h e a d se t.

C o n d e n se r
d e sk to p

D y n a m ic
H e a d se t

T o ta l

S p e a k
-e r

C W R R
(% )

W R R
(% )

C W R R
(% )

W R R
(% )

C W R R
(% )

m j 8 6 .7 9 6 .0 8 8 .0 9 6 .0 8 7 .3

k s 9 2 .0 9 6 .9 8 4 .0 9 3 .3 8 8 .0

c j 8 5 .3 9 4 .2 8 8 .0 9 6 .0 8 6 .7

T o ta l 8 8 .0 9 5 .7 8 6 .7 9 5 .1 8 7 .3

T a b le  2 : A v e r a g e  r e c o g n i t i o n  r a t e s  f o r  C W R R  a n d
W R R  f o r  d i f f e r e n t  m i c r o p h o n e s .

A v e ra g e  c o n n e c te d  w o rd  re c o g n it io n  ra te  w a s  8 7 .3 %  fo r
th e  in i t ia l  H M M  tra in in g  o n ly  b y  1 4  m a le  sp e a k e rs .

A c c o rd in g  to  d i f fe re n t sp e a k e rs  a n d  m ic ro p h o n e s , 1 .3 -
8 .0 %  o f  d i f fe re n c e s  in  re c o g n it io n  ra te s  w a s  o b se rv e d .

6 .2 . A d a p ta t io n  u s in g  M A P  es t im a t io n

A s sh o w n  in  T a b le  2 , b y  c h a n g in g  m ic ro p h o n e s  a n d
sp e a k e rs  th e  p e r fo rm a n c e  o f  sy s te m  w a s  d e g ra d e d . T o
b e  ro b u s t a g a in s t th e  d e g ra d a t io n  b y  th e se
e n v iro n m e n ta l  v a r ia t io n s  a n d  to  g e t a n  a c c e p ta b le
p e r fo rm a n c e  fo r  p ra c t ic a l  u se , th e  in i t ia l  H M M  a re  re -
tra in e d  u s in g  M A P  e s t im a t io n .  T h e  a d a p ta t io n  w a s
c a r r ie d  w ith  2 5  c o n n e c te d  w o rd s  fo r  e a c h  sp e a k e r . T a b le
3  sh o w s  th e  re su lts .

C o n d e n se r
d e sk to p

D y n a m ic
H e a d se t

T o ta l

S p e a k
-e r

C W R R
(% )

W R R
(% )

C W R R
(% )

W R R
(% )

C W R R
(% )

m j 9 3 .3 9 7 .8 9 3 .3 9 7 .8 9 3 .3

k s 9 4 .7 9 8 .2 9 6 .0 9 8 .7 9 5 .4

c j 1 0 0 .0 1 0 0 .0 9 8 .7 9 9 .6 9 9 .4

T o ta l 9 5 .9 9 8 .7 9 6 .0 9 8 .7 9 6 .0

T a b le  3 : R e s u l t s  o f  M A P  e s t i m a t i o n  f o r  d i f f e r e n t
m i c r o p h o n e s  a n d  d i f f e r e n t  s p e a k e r s .

F ro m  th e  re su lt ,  c o n n e c te d  w o rd  re c o g n it io n  ra te s  a f te r
a d a p ta t io n  in c re a se d  2 .7  to  1 4 .7 %  a c c o rd in g  to  th e
m i c r o p h o n e s  a n d  s p e a k e r s .
I t  c a n  b e  re d u c e d  a v e ra g e  re c o g n it io n  d i f fe re n c e  g a p  b y
0 .1 %  fo r  th re e  sp e a k e rs  in  c o n n e c te d  w o rd  re c o g n it io n ,
p re se n t in g  th e  e f fe c t iv e n e ss  o f  a n  e n v iro n m e n ta l
a d a p ta t io n  u s in g  M a x im u m  a  p o s te r io r  e s t im a t io n  in  o u r
ta sk .

6 .3 . R esu l ts  o f  F a s t  sea rch

T o  p ro v e  th e  e f fe c t iv e n e ss  o f  F S V  p ru n in g  th re sh o ld ,
se a rc h  a n d  a c o u s t ic  p ro b a b i l i ty  c o m p u ta t io n  t im e  w e re
m e a su re d  fo r  th e  u tte ra n c e s  b y  3  sp e a k e rs  fo r  7 5
a d d re sse s(c o n n e c te d  w o rd s ) .  T h is  e x p e r im e n t w a s
c a r r ie d  o u t o n  th e  w o rk s ta t io n (U ltra -sp a rc 1 :1 6 7 M H z )  to
g e t re l ia b le  C P U  t im e .
W e  m e a su re d  c o m p u ta t io n  t im e  fo r  se v e ra l  p ru n in g
th re sh o ld s  w ith  a  f ix e d  b e a m  w id th  (B W = 1 0 ) . T h e
re su lts  w e re  th e n  c o m p a re d  w ith  th o se  f ro m  F S V
p ru n in g  th re sh o ld s . T a b le  4  sh o w s  c o m p u tin g  t im e  a n d
re c o g n it io n  re su lts  a c c o rd in g  to  th e  ini t ia l  p ru n in g
th re sh o ld ( In i t .  P r_ th ) ,  v a r ia t io n  s te p ( f ra m e  th re sh o ld ) ,
a n d  v a r ia t io n  v a lu e .

λ+≤ *),(),( maxmax jiPjiP
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P r_ th C W R R

(% )

W R R

(% )

T im e

(sec )

C W R R

(% )

W R R

(% )

T im e

(sec )

F u ll sea rch 9 6 .0 9 8 .5 5 5 7 .3 9 6 .0 9 8 .7 4 9 8 .5

-5 0 0 9 6 .0 9 8 .7 6 .2 8 9 6 .0 9 8 .9 5 .4 3

-4 0 0 9 6 .0 9 8 .5 5 .2 1 9 6 .0 9 8 .7 4 .6 5

-3 0 0 9 5 .7 9 8 .5 4 .5 9 6 .0 9 8 .7 4 .0 6

-2 0 0 9 4 .8 9 8 .4 3 .7 6 9 6 .0 9 8 .7 3 .4

-1 0 0 8 7 .6 9 5 .4 3 .2 3 8 8 .0 9 6 .0 2 .9 6

F S V 1 9 3 .3 9 7 .8 4 .1 3 9 4 .7 9 8 .2 3 .8 1

F S V 2 9 6 .0 9 8 .7 5 .0 6 9 6 .0 9 8 .7 4 .5 3

F S V 3 8 8 .8 9 6 .3 3 .3 5 8 8 .4 9 6 .1 3 .0 9

F S V 4 9 5 .7 9 8 .5 4 .4 7 9 6 .4 9 8 .8 4 .0

A d a
-p ta ti
-o n

F S V 5 9 2 .9 9 7 .6 3 .6 1 9 3 .3 9 7 .7 3 .3 9

T a b le  4 : C o m p u t a t i o n  t i m e  a n d  r e c o g n i t i o n  r a t e s .
F S V 1 : In i t .  P r_ th  -5 0 0 , v a r ia t io n  s tep  5 0 , v a r ia t io n  v a lu e  5 0
F S V 2 : In i t .  P r_ th  -5 0 0 , v a r ia t io n  s tep  1 0 0 , v a r ia t io n  v a lu e  5 0
F S V 3 : In i t .  P r_ th  -4 0 0 , v a r ia t io n  s tep  5 0 , v a r ia t io n  v a lu e  5 0
F S V 4 : In i t .  P r_ th  -4 0 0 , v a r ia t io n  s tep  1 0 0 , v a r ia t io n  v a lu e  5 0
F S V 5 : In i t .  P r_ th  -3 0 0 , v a r ia t io n  s tep  1 0 0 , v a r ia t io n  v a lu e  5

B y  u s in g  a  tre e -s tru c tu re d  le x ic o n  m e n tio n e d  in  5 .1  a n d
b e a m  se a rc h  w ith  p ru n in g  (B W = 1 0 , P r_ th = 4 0 0 )  in  5 .2 ,
re c o g n it io n  sp e e d  is  in c re a se d  to  a  fa c to r  o f  1 0 0  w ith o u t
a n y  d e g ra d a t io n  o f  re c o g n it io n  ra te .
F ro m  ta b le  4 , a l th o u g h  F S V  p ru n in g  th re sh o ld  is  n o t so
e f fe c t iv e  in  sa v in g  t im e , b u t i t  w a s  fo u n d  h e lp fu l  in
k e e p in g  th e  o p t im a l p a th  re l ia b le .

6 .4 . C o r rec t io n  o f  r eco g n i t io n  e r ro r s
T o  c o r re c t w o rd  e r ro rs  in  sp o k e n  a d d re ss  re c o g n it io n ,
to u c h  se n s i t iv e  d isp la y  is  a d a p te d . W ith  to p -d o w n  m e n u
o n  th e  to u c h  se n s i t iv e  d isp la y , w o rd  e r ro rs  c o u ld  b e
c o r re c te d  w ith  1 0 0 %  o f  a c c u ra c y  in  1 0 0  te s t
e x p e r im e n ts , sh o w in g  th e  e f fe c t iv e n e ss  o f  to u c h
se n s it iv e  d isp la y.

7 .  C O N C L U S I O N

W e  h a v e  in tro d u c e d  th e  K o re a n  a d d re ss  e n try /re tr ie v a l
sy s te m  h a v in g  b im o d a l in p u t;  a u to m a tic  sp e e c h
re c o g n it io n  a n d  to u c h  se n s i t iv e  d isp la y . T o  m a k e  o u r
sy s te m  to  b e  ro b u s t to  th e  d e g ra d a t io n  o f  p e r fo rm a n c e
c a u se d  b y  th e  v a r ia t io n  o f  e n v iro n m e n ts  a n d  to  g e t
a c c e p ta b le  p e r fo rm a n c e  in  p ra c t ic a l  u se , M A P
a d a p ta t io n  te c h n iq u e  w a s  a d o p te d . A f te r  e n v iro n m e n ta l
a d a p ta t io n , w e  a c h ie v e d  a v e ra g e  re c o g n it io n  ra te  o f
9 6 .0 %  fo r  a d d re sse s  a n d  9 8 .7 %  fo r  w o rd s .

T o  m a k e  th e  sy s te m  w o rk in g  in  re a l  t im e , b e a m  se a rc h
w ith  p ru n in g  a n d  tre e -s tru c tu re d  le x ic o n  w e re  a d o p te d .
W ith  b e a m  se a rc h  w ith  p ru n in g  th re sh o ld (B W = 1 0 ,
P r_ th = 4 0 0 )  a n d   t re e -s tru c tu re d  le x ic o n  th e  sy s te m
p e r fo rm e d  a  1 0 0 -fo ld  sp e e d u p  o v e r  fu l l  se a rc h  a lg o r i th m
w ith o u t a n y  lo ss  o f  w o rd  re c o g n it io n  ra te .
A lth o u g h  F S V  p ru n in g  th re sh o ld  is  n o t so  e f fe c t iv e  in
sa v in g  t im e , b u t i t  w a s  fo u n d  h e lp fu l  in  k e e p in g  th e
o p t im a l p a th  re l ia b le .
T o  c o r re c t w o rd  e r ro rs  in  sp o k e n  a d d re ss  re c o g n it io n ,
to u c h  se n s i t iv e  d isp la y  is  a d a p te d . W ith  to p -d o w n  m e n u
o n  th e  to u c h  se n s i t iv e  d isp la y , w o rd  e r ro rs  c o u ld  b e
c o r re c te d  w ith  1 0 0 %  o f  a c c u ra c y  in  1 0 0  te s ts.
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