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Automatic Speech Summarization Based on Word Significance and
Linguistic Likelihood

Chiori HORI and Sadaoki FURUI

Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku, 152-8550 Japan

Abstract This paper proposes a new method of automatically summarizing speech by extracting a limited
number of relatively important words from its automatic transcription according to a target compression ratio for
the number of characters. To determine a word set to be extracted, we define a summarization score consisting of
a topic score (significance measure) of words and a linguistic score (likelihood) of the word concatenation. A set
of words maximizing the score is efficiently selected using a dynamic programming (DP) technique. In order to
evaluate the summarization scores of the summarized sentences obtained from the same original sentence using the
various summarizing ratio, a normalization factor is applied to the summarization score. Japanese broadcast news
speech transcribed using a large vocabulary continuous speech recognition system was summarized. As a result
86% of important words in the original speech were correctly included in the summarizing sentences and 72% of
the summarizing sentences could maintain the meanings of the original speech under the 60-70% summarization
condition.

key words speech summarization, word significance score, linguistic likelithood



1 0000

O00000o0o0ooUo (LVCSR)oUoooooo
ooLvesROOOoOoOooooooooooooooo
gbooobgboobooboboboooboboobo
gbooobgoooboboogoboboboooooo
goboooobbobooobbbuoooboboooon
oooLvcésrROoooooooooooobooooboo
gobooobbobooobbbuooobobbooon
gooboooooboobooooboobobooo
gbooobogobooobooboooobobobooooo
gbooobogoobbobobobooobooooogo
gooobooogooboboogooboboooon
gbooobooobobbbobobooboobooDoo
000 (LVCSR)UOOOoOooooooooooooo
oboooobooogoooobooLvesrOobooooono
gboooboobooobooooboboooboobooooDoo
goobobooboobooboboboboboboooboboboboo
goooobobbobobooboooobobobo
goboobogboboboboobooobobooooo
gogobooboobooboobooboobooboooo
gbogobooooboboobobooboobooDoo
gbooobgooobooooooboooooooo
gogboboooboboboooobobboooo
gbooobogoobobooboboboobooooboo
gbooobogooobooboboboooobobooooo
gbooobobooboooboooobobobooooo
gbooobobooooooboboboooooboon
gobooboooboboobobooooobooon
gboooboooobooboobobobooobono
gogoooooboobboobooboobooooboooboo
gbooogoooobooooooooobobobo
gbogbooobooobobbobobboobobbooo

gbooboooboooobogoboobogobooboon
goboboobogoboboboooobooooon
gbooobooboobobooboooobobobooooboo
gbogobboooooboobooboobooboboooo
goboooobobooobbboooboboooon
000000000000000000 [JUoooO
gbooogoboooboboooooboboboooboo
gooooobbboboboboooboooooooo
gbooogobooooboooobobobooooo
goboooobobbooobbbooooboooo
gbooooboobooooooobbobobooboo
gbooobogoobobbobooooobobobo
gooboobgoobooboobooboooboooboo
goboooobbobooobbbuoooboboooon
gbobooboobbooobooboobobooboobon

2 OoOOoboobboo

gboobobbobooboobobooboboon
gbooboooobbbobooooobooboboooo
gbooboooobooboboooboobooboo
goobooooboboboooboobooboooboo
gogboooboooooobooooboooobboooboo
gogoooooooobooboboboooooboon
goobooboooobobooooboooboooboo
gbooboobooobobooooboooboooboo
goobooooboooboboboobooboooboo
goobooboobobooooooboooboooboo
googoooobooobboboobboobbooobooo
gboobooooooboboboooobooooboboo
googoboooboooboobooboboobbooobooo

2.1 O0OOgooooboo

00000000000000000000000
00000000000 0000000000000
O00ONOODOOOOOOOOO00 W = wy,ws,
,bwy00000000 M(M<N)OOOOOOO
00000000V = vy,v,...,o 0000000
00O00O00000O0o0

S(V) = 3 {1og Pt [vmsvm—1) + M (v} (1)

m=1

0000000000000 trigram P(vm|vm—20m—1)
000000000000000000O000 3100
gdooooooooboooooooboouoboa
gdoooooboooboooo I(vm)DDDDDD
gdodboodooooooooooboooobon
gdobooooooboobooooooboooo

odo

G
I(w;) = g;log Gf (2)
w; go0oooooood
g; (DDDDDDDDD)DDDDDDDDDD
w; 000

G;: 00000000000000 w000
G4: 0000000000000000 Gi(=Y;G:)

gobboboobobooooooboooboooboo
goooooooooon
A0000OO0000OOO0000OOoOoUOoooo
oooox0o00oOooooooooooooooo
goooboobobobooooobbooooobooo



gbooobobobooboooboobbobooDo
gboboooooooboboooobooboboooon
V=uvld. by(M<N)OODODOODODODOOODO
(Hooooooo vooooooooooooooo
gboboooooboobooobobobobboo

2.2 000000000000
NODOODOOOOOOOOOOO W = wy,ws, ...
owy O0OOM(M < N)OOOOOOOOOV =
vi,v9,...,vy D00000000000000 (1)0
000000000000 000000000000
0000000000000

()0D0000000

<s> :oooag
</s> :oggooag
g(m,,n) 0000000

(mO0O00D00000<s>0000 ww, 000
00000 <s>,...,w,w, 100000,
O000(0<I<n<N))

B(m,,n) 0000000
(2)0000
log P(wy|<s>) + AI(w,)
g(1,0,n) = if1<n<(N—M+1)
—00 otherwise
(3)00000

form=2to M
forn=mtoN-—-m+1

forl=m—-1ton—1

g(m,l,n) = rila;({g(m -1,k
<
+ logp(wn|wkwl) + /\I(wn)}

B(m,l,n) = argmax{g(m — 1, k,{)
k<l

+ log P(w,|wrwy) + A(wy)}

(4)0000D00
% = </s>
S(V) N_ﬁgﬁgN,gUW}Ln)+-bgf% /s> |wwy,)
N-M-1<I<N-1
(ﬁ,i) = argmax g¢(M,l,n)+ log P(</s>|wjwy,)
N-M<n<N
N-M-1<I<N-1
(50000000
for m =M to 1

Vi = Wy

' = B(m, 1, i)
n=1

=0

gboogobooobooobool1boon

</ s>

transcription result

(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
S>

<s> V,; V, Vs V, Vg </
sunmari zed sent ence

U 1.0bgoogobogooboobgooobg.

O ()ooOooooooooooooooooooo
googboogooboobooboobobooboobooon
gboobooboooboboooboooobooboogo
gooogoooboooobooboboobobooboo
gogobobboboboobooooobogooooboo
gobobobooboboboooobbooooooooo
0000000000000 00o00oooooO s*(M)
gooooooboboo

S*(M) = S(M) — Sag; (M) (3)

S(Mmax) - S(Mmzn)
Mmax - Mmzn

(M - Mmm)

S(M): DO0O0O0O0D0O00O0O0O0D000 MO
0ooO00o000o0
0000000 (Mpin <M < M)
min: 0000000000

Mp. - 0000000000



3 Uoooboogn

3.1 0doond

OO0000D0 12kHzO016b0t 0000 0000O00O0OCO
U0 32ms0000000 8SmsJO00O0O0O0OO 1600
oLpCOOO0DOOOODOOODOOOOOODOOOO
0(@3400)00000000000000D0O00
gbooooooooo

3.2 0UOoond

Tree-based clustering 0 0000000000000
000000000 HMM (210600000000)0
00000000000 ATROODOOOOOOBOO
00000oooo00oooooOoooooooooon
0000000000000 0530000 1327000
(0D2000)00000

3.3 Uuoond

0000000000 bigramOtrigram O 00000
00000000000 000 (19920 7vO00 1996
O050)00500000000000000JTAGODO
00000000000 0000000000 bigram

Otngram 000000000 O0O0O 2000000000

gbooooboobooooobobooboboon
gboobboobooooboobobooobooooo
gboooboobooboboboooooooooooo
[4O00000000000000000000000
gboobbobooooboboooboobooooo
gbobgbobooboboobooboboobooDoo
gboooboobooooooon

3.4 0OOO0O

gooboogoobooooooboooobobooo
OO000O0O00dOd HMMO bigramOOOO0O0O0O00O0O
goboooooboboooobobooooboobbobn
gobooobobobooobbboooooooobn
00000000000 [eoooooooooooo
OOo00oo0O000 trigram000000000O00COO
gogo

4 000000

4.1 00000

gooooobooogb et edgnonogn
gbooobgbooboboooooboboooooo
gboob48000,000000000000000

0000000020000 00000 1.8%000000
000000000 8.4%0000
0000000000000000000 9%00
gb21000000000000b000000000
00000000000 60-70%000000002.2
goboboboobboboooobbooooooooo
O0000o0oooon»bo0oooooooooo
goboboboobboboooobbooooooooo
googbooobooobooobooobooon

4.2 000000000

gboobooboobooboboboobooboon
OO000000tngramO000000C0OCOODDOO
googobooboboobboobboo

OOooOooo0 tgramO0O0O00000DOOODOOO
goboboboobboboooobobooooooooo
gbooboobooboboooooboboobobooboo
gbooooboooooboboboobbbbooon
000000000 [d00ooo0ooooooogo
gooboooboobboboobbooobooogo
goobogobooobooooboooboooobooboo
gobobobobooboooooboooooobooo
gboobobobooboobobobooboooboo
gobooboboooboboooobobooboo
goboboogoboobbooboobobobobooobooo
gobobobooobooooobobobooooooo
gooboobogoooboooooobooooobon
gboobooooboobooogoboooooooboo
gooboobobooooboooboog19en0gdon
(0D27MO0)0000000O000O0UOOOOO0ODOO
OO0000000oooooooon trigramO 00O
googoooooooooon

4.3 0JO0O0OOOO
gbooboooooobooboboobooboon
googoooooboobooobooboo,oobooo
goooboobgobooobooboobg,obooo
goooboogo,bobobobbooboobogo
gooboboboboboboobooboooboooboo
gbooboobobooboobobobooboooboooboo
gooobooobooooobooboooboon

(1)ooooooooo

gooboboopobobobobboboboobobgo
gobooobooobonoooOonooogoooo
gobooobooooboobobboooboboboo



gboooboobooobooboobobobooobonn
000000000000000000 8%0 000
gboboooobboboooobooooobobbooon
gboobooboobooboobboobooooobooobooo
gboggobooboobboobooo

(2)000000

gboboooobbobooobbbuoooboboooon
gogoooooo

()00D0000000
(2)00000000000000
(3)00000000000

gobooob10ob0boboboboboooobbooon
gbooobobobooobooboboooooooooDoo
000000000000 0000 2%000000
gboooboobooobooboobobobooobonn
gbooobogooobbooooobobobooooo
gbooobogooboobobobbooobooooo
goooooooobbooooobobobooooo
O0000000o0ooo 1% 0ooooooooooo

U 1o0boboogbooobood

goooo good go |oo |ooboo
oo0ooo | 33% | 43% 24%

goooboood
oooooo | 25% | 47% 28%
ooooo | 39% | 47% 14%

good
oo0oooo | 23% | 49% 28%

4.4 (0JOO0OO

goooogooobooooooboooboobooo
gooobooobogoboobbooooooon
gooogoobooooooobooboooboooooo
googobooobooobooboobbooooboooboo
gbooboooboobbooboobooo

(H)O0oooo
000000
0ooo
0000000000000000000000
0000000000000000000000
000000000000000
ooooo

gboobooboobooboboobooboooon
gbooboobooboooobooboobobo
googoo

googo
gobobobooobbobbooobboboooo
gobobobooobobbboooobbooon
googooooboooboooboo

goood
gobobobooobobboboooobbboooon
goooboooooboooboooooboo

(2)00000
0Oo00o0o00o0
0ooo
0000000000000000000000
0000000000000000000000
0000000000000000000000
0DOoO00O0o0o0ooo0
ooooo
0000000000000000000000
00000000000000000000000
0000000000
000000
0ooo
00000000 00000000000000
0000000000000000000000
0000000000000000000000
000000000000
ooooo
00000000000000000000000
00000000000000000000000
00000000000

(3)000000
0Ooo0ooooo
0ooo
00000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
00
ooooo
0000000000000000000000
00000000000000000000000
00000000000000000000000




gbooobobooooboboobooooobo
goo

googoo

googo
gboooboboooboboobobooobobo
gobooooooobooooboboooooon
gbobooooooobooooboboooooon
gobooogoooboooobobobooooon
gboooboobooboobboboobooobo
gbooobooboooboooooooboon
goood
gboboobooooboboooboooooboo
gbooobgbooobobooobooboooobo

gobogboooboboobbooboobobobbooo

goooboooboobooboooobo

5 o

goooogoobooooooboboooobooboo
gboooboboboooboobooobobobooooDoo
goboooobobooobooooboboobooooDoo
goboooooooobobobooooboboooon
gboooggoooobobobooboobobobooo

gogbobooobobobobobobboobbobboo

000000000000000000 60-710%000
gboooboboobooboooooobobooon
08%1 000000000000 72%000000
gbooobogboooboboogbboobobooonDo
gbooobgooboooobbobobooooooo
gbooobobooooboboooooboobooooo
gboooboooboobbobbobobooboobooDoo
gbooogoboobooobobooobobobooboboo
gbooobooboboooboooobobobooooo
gboooooooooooooboobooboobooo
gobooooooooooboooooboooon
gooobobooboobobobbooobbobooDoo
gboobobooobooobooboobgooboo

Ooon

[1] T. Wakao et al., Computer Processing of Oriental
Language, Vol.12, No.1,1998.

[2] S. Furui et al., Proc. DARPA
Broadcast News Transcription and Understanding
Workshop,pp.144-149, 1998.

[3] 000 O, “000000000000000007,
gooonbo,1-1-14, 1998.

[40O000,“00000000000000000
0oooo0”,000000,7-7-7, 1999.

[5] C. Hori and S. Furui, Proc. 1999 Japan-China
Symposium on Advanced Information Technology,
pp. 75-82, 1999.

[(] 0 OO0 O, “0000000000000000
000000000000007, 00000000
0,Vol.40,No.4,pp.1365-1373,1999.



