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Outline (2/2)

e Audio-visual contents associated with speech is continuously

growing and filling our computers, networks and daily lives
— Such as broadcast news, shows, podcasts, lecture videos, voice mails,
(contact-center or meeting) conversations, etc.
— Speech is one of the most semantic (or information)-bearing sources

e On the other hand, speech is the primary and the most

convenient means of communication between people
— Speech provides a better (or natural) user interface in wireless
environments
— Especially helpful when using smaller hand-held devices with small
screen sizes and limited keyboard entry capabilities

e Speech will be the key for multimedia information access in the
near future




Outline (2/2)

e QOrganization and retrieval and of multimedia (or spoken) are

much more difficult
— Written text documents are better structured and easier to browse
through
e Provided with titles and other structure information (e.g., hyperlinks)
e Easily shown on the screen to glance through (with visual perception)

— Multimedia (Spoken) documents are just video (audio) signals

e Users cannot efficiently go through each one from the beginning to
the end during browsing, even if the they are automatically
transcribed by automatic speech recognition

e However, abounding speaker, emotion and scene information make
them much more attractive than text

e Better approaches for efficient organization and retrieval of
multimedia (spoken) documents are highly demanded
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Related Research Work and Applications

e Continuous and substantial efforts have been paid to
(multimedia) speech recognition, distillation and retrieval
in the recent past

— Informedia System at Carnegie Mellon Univ.

— ATR&T SCAN System

— Rough’n’Ready System at BBN Technologies

— SpeechBot Audio/Video Search System at HP Labs

— IBM Speech Search for Call-Center Conversations & Call-Routing,
Voicemails, Monitoring Global Video and Web News Sources (TALES)

— Google Voice Search (GOOG-411, Audio Indexing, Translation)

— Microsoft Research Audio-Video Indexing System (MAVIS)

— MIT Lecture Browser

— NTT Speech Communication Technology for Contact Centers

— Some Prototype Systems Developed in Taiwan




World-wide Speech Research Projects

e There also are several research projects conducting on related

spoken document processing tasks, e.q.,
— Rich Transcription Projecttin the United States (2002-)
e Creation of recognition technologies that will produce transcriptions
which are more readable by humans and more useful for machines

— TC-STAR Project? (Technology and Corpora for Speech to Speech
Translation) in Europe (2004-2007)
e Translation of speeches recorded at European Parliament, between
Spanish and English, and of broadcast news by Voice of America,
from Mandarin to English

— “Spontaneous Speech: Corpus and Processing Technology” Project in
Japan (1999-2004)
e 700 hours of lectures, presentations, and news commentaries
e Automatic transcription, analysis (tagging), retrieval and
summarization of spoken documents

I ~ thttp://www.nist.gov/speech/tests/rt/ 2 http://www.tc-star.org




Evaluations of the Rich Transcription Project

e GALE (Global Autonomous Language Exploitation) Translation:

2006 — present
— Translates language data from a input source language (either Arabic or
Chinese, in audio or text) into a target one (English in text).

e Spoken Term Detection: 2006 — present
— Facilitate research and development of technology for finding short word
sequences rapidly and accurately in large heterogeneous audio archives
(three languages: Arabic, English, and Mandarin)
e TRECVid Event Detection: 2008 —
e Language Recognition Evaluation: 1996 —




Related Research Areas of Speech Processing
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Scenario for Speech Search

spoken documents (SD) f/

spoken query (SQ)

text query (TQ)
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query-by-example

— SQ/SD is the most difficult
— TQ/SD is studied most of the time




Categorization of Speech Search Tasks

e Spoken Document Retrieval (SDR)
— Find spoken documents that are (topically) “relevant” to a given query
— Queries usually are very long topic descriptions (query-by-example)
— Exploit LVCSR and text IR technologies
— SDRis already regarded as a “solved” problem, especially for broadcast
news (even with WER of more than 30%, retrieval using 1-best automatic
transcripts are comparable to that using reference transcripts)

e Spoken Term Detection (STD)

— Much like Web-style search

— Queries are usually short (1-3 words), and find the "matched” documents
where all query terms should be present

— Then, relevance ranking are performed on the "matched” documents

— Have drawn much attention recently in the speech processing
community

e Exploit word lattices or confusion networks consisting of multiple

S hypotheses to compensate for speech recognition errors
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TREC SDR Evaluation Plan

e Aseries of SDR tracks conducted during 1996-2000 (TREC-6 ~
TREC-9)

— Focus on using broadcast news from various sources: Voice of America,
CNN, ABC, PRI, etc., comprising more than 5 hundred hours of speech
(= 20,000 manually segmented documents, 250 words per document on
average)

— The queries are long and stated in plain English (e.g., a text news story)
rather then using the keyword (Web) search scenario

e Findings
— Retrieval performance is quite flat with ASR WER variations in the range
of 10~35% (roughly = 5% degradation in performance in comparison
with the “"approximately” manual transcriptions)
— SDR of broadcast news speech has been thought of as “a successful story”

J.S. Garofolo, et al., "The TREC spoken document retrieval track: A success story,” 11
http://trec.nist.qov/pubs/trec8/./papers/trec8-sdr-overview.ps



Types of ASR Transcription (1/2)

e Word Sequences Produced by LVCSR
— More accurate for audio indexing
— Faced with the "OOV-word” problems (query terms are often less-
frequent topic-specific words)
— Tend to have lower recall

e Phonetic-Unit (or subword) Sequences Produced by Phone

Recognizer
— Bypass the "OOV-word” problems by locating spoken documents
containing the phonetic sequences that match the pronunciations of the
query words
— Complicate the post-processing of the spoken documents for other IR-
related applications
— Tend to have higher recall at the expanse of lower precision

e Hybrid Approach Blending Word and Phonetic Information

I - ASR: Automatic Speech Recognition
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Types of ASR Transcription (2/2)

e Represent the OOV region by a network of phonetic units

P(OQV)

O

1-P(OQOV)




Evaluation Metrics

e SDRandSTD

Recall

Precision

F-measure (a harmonic mean of recall and precision)
R-precision

Precision at N document cutoff level

Mean Average Precision (MAP)

Actual Term-Weighted Value (ATWV)

e ASR

WER

Lattice WER
OOV Rate
Query OOV Rate
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STD: 1-bset Sequences vs. Lattices (1/5)

e Use of 1-best ASR output as the transcription to be indexed is
suboptimal due to the high WER, which is likely to lead to low
recall

e ASR lattices do provide much better WER, but the position
information is not readily available (uncertainty of word
occurrences) ?

e Anexample ASR Lattice

kinda/0.41 =
- %81'9.26 \\
Whati[_]:_?ﬁ,f; kind/0.59 o8 ~_of/0.84 11 __d_c_gi(i?{i_*l =
a/0.16 dogs/0.47 ()

oh/0.35 ,@hﬁohﬁ.(){) @;0_08 -‘\L my/1.00 _-___‘——%@.\ —
4’@\,,;# e e - yeah/1.00 5 _______-———--"'@/ T QEQH-GU
T 7 — - /_ becauser0.09 the/1.00
O Oz M_ -

Wingfof}?
S _____,®\________ dogf1.00____f_.

dog/1.00

- Adapted from: C. Chelba, T.J. Hazen, and M. Saraclar, “Retrieval and browsing of spoken content,” 15
IEEE Signal Processing Magazine 25 (3), May 2008



STD: 1-bset Sequences vs. Lattices (2/5)

e Confusion/Consensus Networks (CN, also called “"Sausages”)

derived from the Lattice
— Group the word arcs in the lattice into several strictly linear lists (clusters)
of word alternatives

What/0.76 Kind/0.45 01/0.38
Dog/0.69
<Skip>/0.65 e Because/0.09 wm <Skip>/0.46 e Dogs/0.26
Okay/0.08 Gone/0.05

My/0.08

— L. Mangu, E. Brill, A. Stolcke, “"Finding consensus in speech recognition: word error
minimization and other applications of confusion networks,” Computer Speech & Language
14(4), 2000

Adapted from: C. Chelba, T.J. Hazen, and M. Saraclar, “Retrieval and browsing of spoken content,”
IEEE Signal Processing Magazine 25 (3), May 2008
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STD: 1-bset Sequences vs. Lattices (3/5)

e Position-Specific Posterior Probability Lattices (PSPL)

Position information is crucial for being able to evaluate proximity when
assigning a relevance score to a given document
Estimate the posterior probability of a word w at a specific position [in

the lattices P(w,l| LAT) of spoken queries and documents

2 3 4 5
Oh 1.0 Yeah .65 What 46 Kind 27 Dog .26 EOS .34 EOS 44 ECS .16
— Oh .35 | Yeah .35 | What .27 | Of .23 | Dog .29 | Dog 09 | —
— Because .06 | Kinda .19 | Kind .16 | Dogs .13 Dogs .06
Okay .05 | The .06 | Kinda .11 Of A3 | —
Locking .05 | My .05 | Dogs 05 | A .03
— Dog .05 | EOS .05 | Gone .02
— Technical Details of PSPL
Adapted from: C. Chelba, T.J. Hazen, and M. Saraclar, “Retrieval and browsing of spoken content,” 17

Ip
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STD: 1-bset Sequences vs. Lattices (4/5)

e Y.C.PanandL.S. Lee at NTU extend PSPL to indexing subword-
level (character & syllable) information for retrieval of Chinese

broadcast news (using text queries)
“Analytical comparison between position specific posterior lattices and
confusion network based on word and subword  Subword Posterior Probability
units for spoken document indexing,” ASRU 2007

f—/%
w 1 w,

e P.Yu, F.Seide et al. at MSRA proposed alternative approaches

that are analogous to PSPL

— Time-based Merging for Indexing (TMI) for size reduction and Time-
Anchored Lattice Expansion (TALE) for word-position mapping
“*Word-lattice based spoken-document indexing with stand text indexers,”
S—P SSCS 2008 (in conjunction with SIGIR 2008) & SLT2008
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'STD: 1-bset Sequences vs. Lattices (5/5)

e Comparison between indexing with 1-bset sequences and

lattices
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STD: My Indexing Approaches, Probably Out-of-Date (2/2)

e Define several set of sub-word (character/phone) level features

Overlapping syllable segments with Syllable pairs separated by M syllables
length N (free word boundaries)

Syllable Segments |Examples gg Z‘Zﬁ ;(ez‘eljlagy M Examples

S(N), N=1 (1) (S2) (Sq10) syllables

S(N), N=2 (S1S3) (S583)---(Sg S10) P(M), M=1 (S1S3) (5584)------ (SgS10)
S(N), N=3 (S1S583) (S,85S4).--(S5Sg S10) P(M), M=2 (S1S4) (S2S5)-.-.-. (S7S40)
S(N), N=4 (S1S5S38,) (S,S5S,S5)...(S7SgSg S10) PM), M=3 (S1S5) (S,S¢)------ (S6S10)
S(N), N=5 (1555354 S5) (S2S354S5Se)---(S6 575859 S10) P(M), M=4 (S1S¢e) (52S7)...... (S5S10)

e Results on 10-hour broadcast news retrieval with short queries

Average Syllable-based (S) Character-based (C) Word-based (W) S+C+W
Precision
TQ/TD 0.9740 (0.4743, 0.9656) | 0.9778 (0.7680, 0.9604) | 0.9027 (0.8804, 0.9003) 0.9797
SQ/TD 0.8982 (0.4137, 0.8898) | 0.8811 (0.6671,0.8676) | 0.7755 (0.7489, 0.7683) 0.9022
TQ/SD 0.7148 (0.3456, 0.7009) | 0.6988 (0.5577,0.6872) | 0.6160 (0.5988, 0.6138) 0.7267
SQ/SD O§739 (0.3120, 0.6583K 0.6515 (0.5136, 0.6429) | 0.5549 (0.5386, 0.5534) 0.6814
S(N), N=1~3, P(M), M=1~3 |

S(N), N=1 S(N), N=1~2

Chen et al., "Discriminating capabilities of syllable-based features and approaches of utilizing them for voice retrieval
of speech information in Mandarin Chinese", IEEE Transactions on Speech and Audio Processing 10 (5), 2002



STD: My Indexing Approaches, Probably Out-of-Date (2/2)

e Letthe spoken document collection “tells” us Which Are

Important "Lexical Segments” for Indexing, Which Are Not
1. Started with a set of indexing features consisting of single base syllables
as the initial lexical segments (LSs)
2. In each iteration, any two adjacent lexical segments with scores higher
than the threshold become a new LS
e Criterion: Forward-Backward Bigram (FB)

FB(u,v) = \/P.(v|u)P,(u|v)

3. All instances of these pairs are replaced by the new LSs

4. Repeatto 2 Syllable Segments Possible Words
alafate e 372 4 (Arafat)

ye lu sa leng IRz Hc4 (Jerusalem)

a ken se zhou P4 ¢ ¥ (Arkansas)

mai dang lao % % % (McDonald’s)

S‘P jian pu zhai % ¥ % (Cambodia)

21



SDR

: Exploiting Lattices and Language Models

e T.K.Chia, H. Li, H.T. Ng et al., extended Chen et al.’s work on
query-by-example (ACM TALIP 2004) to spoken queries, and
also extended Lafferty and Zhai’'s Kullback-Leibler divergence

based LMs for document modeling (SIGIR 2001)
“A lattice-based approach to query-by-example spoken document retrieval,”

SIGIR 2008
Svstem Retrieval Solurce Stop Prunling Mean average precision
Queries Documents | word parameters | For devel. For test
list (Ogrv. Odoc) queries queries
Ref ™% Ref Exemplar reference | Reference | smart — 0.8363 7781
1-best 2% 1-best Exemplar 1-best 1-best smart — 0.8271 0.7406
1-best ~™% Lat Exemplar 1-best Lattices smart (—,140) 0.8321 0.7499
Lat =% 1-best Exemplar lattices 1-best smart (240, —) 0.8355 0.7487
Lat =™% Lat Exemplar lattices Lattices smart (240, 160) 0.8421 0.7569
Relja: (d, Pr( ) log P [e(w; : | C _
lat(d. Q) Z r(w | q) log Pr(w | d) Pr(w|d):(1_}\)E[((u’!d)]+ﬂpr(u 1C) + APr(w | U)
= E[ld] + 1
1 . .
= Ele(w:; q)] log Pr(w | d
E[[q[] t;, [e(w; q)] log Pr(w | d)
{ Ele{w;q)]=>0 22




SDR: Word Topic Models (1/4)

e Each word of alanguage is treated as a word topic model (WTM)
for predicting the occurrences of other words

K
PWTM(Wi IMWJ,): 2 P(Wi |Tk)P(Tk |ij)

The relevance measure between a query and a document can be
expressed by (a special kind of translation model)

_C(WiaQ)
M, jPMLE (wj|D)J

- B. Chen, "Word topic models for spoken document retrieval and transcription,” ACM TALIP,
March 2009

Pym (Q|MD): [1 { 2 Pwm (Wi

w,eQ| w;eD

- B. Chen, “Latent topic modeling of word co-occurrence information for spoken document
retrieval,” IEEE ICASSP 2009
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SDR: Word Topic Models (2/4)

e WTM also can be viewed as a nonnegative factorization of a
“word-word” matrix consisting probability entries (for

unsupervised model training)
— Each column encodes the vicinity information of all occurrences of a
distinct word

documents topics docuinents

PLSA/LDA " T K

o o 2 —

':3_: A ~ :3_: = H I)PLSA(WI'|MD)_]§:1P(Wi|Tk)P(Tk|MD)

3 ~ 2 G = -

- -

mixture weights
normalized “word-document”  mixture components

co-occuITence matrix

vicmities of words topics . K
P vicinities of words  Pypy (w,- M, )z > P(w; | T, )P(Tk | ij)
‘ ' : k=1
WTM 2 = ARG
—_ o T il
= B ~5 Q| =
= = =
mixture weights
normalized “word-word” mixture components

co-oCcuIrence matrix
SP ‘ 5 4



SDR: Word Topic Models (3/4)

e Unsupervised training (WTM-U)

— The WTM of each word can be trained by concatenating those words
occurring within a context window of size around each occurrence of the
word, which are postulated to be relevant to the word

logLy, = % log Pyry (OWJ.‘MW].)Z X X C(Wi,Ow )10gPWTM (Wi‘ij)

J

W, EW W, EW wieQWj
Ow- 1 Ow< 2 OW. N OW- :0W~,1’0W~,2’...’0W-,N
J? J° jo j j g i
A A A
4 A 4 A\ r N\
Wj ---- Wyl e W

e Supervised training (WTM-S)
— Maximize the log-likelihood of a set of training query exemplars
generated by their relevant documents

1Og LQ TrainSet - z z log PWTM (Q|M D)
QEQTrainSet DEDR to O

Ip 25




SDR: Word Topic Models (4/4)

e TestedonTDT-2 & TDT-3 Collections (“query-by-example” tasks)
— Results on TDT-2

Retrieval | VSM | LSA | SVM | HMM/ | HMM/ [PLSA-U|PLSA-S|WTM-U | WTM-S
Model Unigram | Bigram

1D 0.5548|0.5510|0.5797| 0.6327 | 0.5427 | 0.6277 | 0.7243 | 0.6395 | 0.7672

SD 0.5122(0.53100.5317 | 0.5658 | 0.4803 | 0.5681 | 0.6652 | 0.5739 | 0.7558

e WTM also has been applied with good success to speech
recognition and speech summarization

— “Word topical mixture models for dynamic language model adaptation,” ICASSP 2007
— “Word Topical Mixture Models for Extractive Spoken Document Summarization,” ICME 2007

Ip



History of Text Summarization Research

e Research into automatic summarization of text documents

dates back to the early 19505
— However, research work has suffered from a lack of funding for nearly
four decades

e Fortunately, the development of the World Wide Web led to a

renaissance of the field
— Summarization was subsequently extended to cover a wider range of
tasks, including multi-document, multi-lingual, and multi-media
summarization

3p .



Spectrum of Text/Speech Summarization Research (1/2)

e Extractive and Abstractive Summarization
— Extractive summarization produces a summary by selecting indicative
sentences, passages, or paragraphs from an original document according
to a predefined target summarization ratio
e This requires sentence ranking and compacting

— Abstractive summarization provides a fluent and concise abstract of a
certain length that reflects the key concepts of the document
e This requires highly sophisticated techniques, including semantic
representation and inference, as well as natural language generation

In recent years, researchers have tended to focus on
extractive summarization.

Ip .



Spectrum of Text/Speech Summarization Research (2/2)

e Generic and Query-oriented Summarization

— A generic summary highlights the most salient information in a
document

— A query-oriented summary presents the information in a document that
is most relevant to the user’s query

Query: Obama elected president

retrieved documents
with time stamps

Doc 100 time stamps
— _

>

N-word summary




A Probabilistic Generative Framework for Speech
Summarization (1/2)

e Criterion: Ranking sentences by their posteriori probabilities

P(Si‘D): P(Df(ilz];(Si)mik P(D‘Si)P(Si)

e Sentence Generative Model, P(D\S,-)
— Each sentence of the document as a probabilistic generative model

— Language Model (LM), Sentence Topic Model (STM) and Word Topic
Model (WTM) are initially investigated

e Sentence Prior Distribution, P(S;)
— The sentence prior distribution may have to do with sentence

duration/position, correctness of sentence boundary, confidence score,
prosodic information, etc.

S-P Chen et al., "A probabilistic generative framework for extractive broadcast news speech
summarization,” IEEE Transactions on Audio, Speech and Lanquage Processing 17(1), 2009
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robabilistic Generative Framework for Speech
Summarization (2/2)

e Speech summarization can be performed in a purely
unsupervised manner

spolen Deocument to be Zummanzed D

Speech Signal | Sentence 5 |
— speech — Sentence 5
mw [ Fecognition } | p zl |
ﬂ || | Sentence 5. |
Confidence Score

F
Extraction of i
Prosodic Features ]

¥
{ sentence (Jenerative

Probability
P05

Teneral Text Mews

Zollection

il
.

sentence Prior _ S
Probability Szi;:xéc: iilns;ng Sumrnary

&P Chen et al., “A probabilistic generative framework for extractive broadcast news speech
summarization,” IEEE Transactions on Audio, Speech and Lanquage Processing 17(1), 2009
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Features Used for Speech Summarization

p

We have also investigated using various supervised machine-learning
models, such as SVM and CRF, to make use of these features

Features (Le)

Structural | POSITION: Sentence position
Features
(St) DURATION: Duration of the preceding/current/following sentence
BIGRAM SCORE: Normalized bigram language model scores
Lexical SIMILARITY:  Similarity = scores  between a  sentence and  its

preceding/following neighbor sentence

NUM NAME ENTITIES: Number of named entities (NEs) in a sentence

Acoustic
Features (Ac)

PITCH: Min/max/mean/difference pitch values of a spoken sentence
ENERGY: Min/max/mean/difference value of energy features of a spoken sentence

CONFIDENCE: Posterior probabilities

Relevance
Features (Re)

R-VSM: Relevance score obtained by using the VSM summarizer

R-LSA: Relevance score obtained by using the LSA summarizer

Extra information cues

— Inter-document similarity (IDS): similarity of documents in the relevance class
of a given sentence

— Inter-sentence similarity (ISS): similarity of sentences in a document

Lin et al., “"A comparative study of probabilistic ranking models for Chinese spoken document
summarization,” ACM Transactions on Asian Language Information Processing 8(1), 2009
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An Example for Speech Summarization (1/2)

/—_s_

reference transcript with correct sentence boundaries
FELE - RYMEEZ
3l FIDL R
T ¥ TR AE —F A Ti 5% 6 2% Y (STE P97 SRR S
T K~ 7 % LR (T S18F IBIAR FTL R B 1) o
S W5 ONVE B AT S DL 9 T R T o
DAl ST T AFLE F % A9 R AR B S R 454 8 M 1 B
FU vt 00 S WA (B8 My

fT DTDHH

PRIEIE B K th bR — A 1 9T 20k

ﬁBZKm 1F SR BT AR = S 0y £+ 12 Es
R ER R HE WA L R
T 28 & R (T3 7k A

£ AT #A%F TIBE FROHE BT BN 2 T BR N BEE g g B
Ml 2 M Y R

S A BT TTEE T K ] IARE 09 SR FER
DL 0] fA &4 kil
TTEBE 6k R AE + K N B1L AR f2H e
Wtk Bl 3T F 1Y Tk 6 M ENE B B 8H &4 2
RS Rk B TR e 8 JEAR A% T A E TUARE
iz/fﬁm WEFE+H RN ER bre 2R
Q5 R T S P A 1T B i A
WalEEs B b A E WEBIE —H — = K K ERE
K009 11 A B ST BN £ T BIRE St & 818 5t B8 & — K
HNERRENEE R WEEARS g AEMEETF L HE
ILERE BRAE B HEE B B L9k B
B Kk IEE TR RS B B Y s
] DL AR L (E A AE HARS SRS R 09 0D BRIk AE = N Y R
ONTR R B 4R B B B ERE E

Automatic transcript with probably
e incorrect sentence boundaries

SRAE SR W ILENE = 38 0 21 feth e
BB o7 e HE WA % A
is e M — Ry DA 2 TEIR 5 £ K
FTH T EAE AE E AT I8 A REE BT A 2T
BRI G N )
] A5 Al (22 fTI HE
Aiis B FTLA S5 SR BT AT (L R R A SR TR
B by WA TR S8R IARE £ —H - AR e i
1T (R WAAE + K N B0 AR feth ek
RLEST B L Z B A I ELE B R B R B4 ZA1
i< K _ZH Nk
JUA 20T $H A EDE AT DL R AR AR 1Y JAE IR
RIR T804 T A 408 R I m] A F 1ARE
AR R AE T R A B SR SRR
T Y B 0 7H B DL B ST BT O
ok Aol T AE(E PR R 1B oK e R e
BAEE S L FEHE MWHBIE —H — =% 2k RO EERE
DL E AT 9% R AHZE N % B B0 2R
I e AR A S AR DA B
e e AR E = A0 By T AU BRI BN E T
BUECHE O nE Bt T8 — K
FE 0L ¥R R EL Y REFE A F]

X HYEIE NE BT S04 IS

WER: 23.94% “'U

KR W SR ARG & W EE T CHE AfF
e (5 T BIERE th Heir (E35 s

ILARE BRAE R HEE AR A LR —
ER L BEHUTE RS B B Y e
ARAAE B RWE +2H -+ ST RA
AR LA ARAE T B R Y A B K
ONER R AR e BT W

17 305

& RH B

1 N fE

| i'hr-
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An Example for Speech Summarization (2/2)

handcrafted summary

TTEE 75 5K BT AR = 38 1Y BT 2 EiE
FiBd BE SR HE IR % A Ratio:10%
FE L E — Wy MENE E TER 3B & K AT &R

TTBbe 28Ry I0ARE £ —H —F 70 5% ok 25 B9 B1E NS ShEEET X iiE
TTEbE A VR AE + R 9 BIL 7ARR 12t Ak

Ratio:20%

AR A5 (0] RS WH B8 —H — = 2R K B
LI BRT #H% R MHZE R 2 1Y 1500 2K BlRE 185 1574 E Hi H WSS IETESE ST E9RE A 75 Ratio:30%
AILL A8 7 AR IR B 2R Y A0 Bl AE 2= T YRR

automatic summary

EREEE X MEE R TR S X W

BT I BN 1 BRSNS R peR ey s 2T W Ratio:10%
SR IE ST B I0ER = E BT B ES iy

BER N ERE ROk

s A TILL 3R 2 5k BT fTEGHF 8 IR AR 1 =2 ) Ratio:20%

L +E EIT T WEPE R R B 0 AE IR )

st il 1% B KRB’ MEDE BB 3] 8A B4 ZHl Y
HEE Ry MENEES 1Y TEE 30 TDERE £ —H T A9 2 1Y BIE AR SREEHT fU5 HUS W)- Ratio:30%
FilpE <& ek HE WA 2 H ﬂ.‘




Conclusions

e The use of word lattices (PSPL ,CN, et al.) has been an active
area of research for robust audio indexing and retrieval

e Most of the research efforts devoted to spoken document
retrieval focus on “text” queries but not “spoken” queries

e Given a query stating the user’s information need
— Try to find "matched” spoken terms in documents or retrieve “relevant”
documents ?

e Word topic models (WTM) have shown with good potential for
spoken document recognition, search and summarization
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IBM'’s Research Activities in Speech Translation and
Speech-based Multimedia Content Access

Speech Translation

= Speech-to-text: driven by foreign * Speech-to-speech: for cross-lingual
broadcast monitoring and communication

information retrieval
E.g., DARPA GALE program 1
1. ASR, MT "

i

2. Broad domain coverage, formal

languages 2
- Large amount of training corpus

IBMTALES *Hundreds of hours speech, hundreds
project of millions of words in training data

.

e

s

=Servers, supercomputers
. Allow response delay: minutes

Not dialog systems

- Typical applications: intelligence,
media companies

-] O3 N

Rich computation resources 4,

g3 n

E.g. DARPA TransTac program
CASR, MT, TTS

Relative narrow domain coverage,
conversational colloquial languages

Often have to deal with low resource
languages and rapid development for

such new languages IBM MASTOR
—Much less data available

Very limited computation resources
-Laptops, PDAs

project

. Need real-time
. Interactive dialog systems: allow

repeats, confirmation

- military, law enforcement, hospitals,

business travelers, service industry

Adapted from the presentation slides of Dr.Yuqging Gao’s at ISCSLP2008 36



ALES (Translingual Automatic Language

xploitation System) Project (1/2)

Ap

TALES Base Capabilities

/ TALES Infrastructure

/

< Keyframe Extraction
o
/ﬁ X g UIMA Framework
>
‘ = =
Satellite TV Z e
&
&
g Information Extraction
(=2
gl 7 TALES is a IBM solution for English
3 speakers for global news

Web Content - -*— monlltorlng. for Arabic, Clhlne-se,
Farsi, Spanish, and English video

and web news sources.

Key Technologies
= Speech recognition = UIMA framework
= Statistical machine translation = OmniFind search engine

= Information extraction (Named entity and
relationship detection - optional)

http://domino.research.ibm.com/comm/research_projects.nsf/pages/tales.index.html 4

Adapted from the presentation slides of Dr.Yuqing Gao's at ISCSLP2008 37



TALES (Translingual Automatic Language
Exploitation System) Project (2/2)

|

Foreign Web Site Translation and Search

TALES Demo

E-l(o] %ﬁ‘.() IEM EEAQ FsW =REH)

le=- @Ee- Az B=e- Feme-

o R ee s -5 @

2 Edt Ven Fawrites Took U @Bak - ) 5 [2 (b 0 Search o Favartes @Medn 2 0- G [

Linuxlinks
Alriyadh Newspaper
Al Anram Newspaper

Foreign Broadcast Video Monitoring and Search

RABIC.com
UIMA-based multi-

=

B TALES Main st Page - Wrusat ntermet Exploner g
Ma Bt Vea Fwotss Tods o ack: - 3 A

pekcrwa | ) NIDABNCLLLOE o o con P0G lesy

avacuation humicans

wiaw datail | boakmark it | play it | info
Usage Holp = EL !
Provider: A1 Jazeers

search
L o nicon

tory SummAry: ... at a time to play whers the
Bookmarks citivans and Eorists low from areaz whic
R Southam Bordar in the Stata of taxss am

[ is believed .., wmedinto a g

[=lviden

[Flaudn wiew datai | bookmark it

[FlwebPaga -

lion 1 milion central taiwan and edty
bareau prass spokesman i i

wiew detal | bookmerk it | play it | nfo

- e Provides: A-Arabyia
Buration: 31: 01

CLanguaga
CRevarae
Madia Player mealcd northeast and the UnFRd States of 1@s In southem 18,000 were kcal residants and many
= 30 strandad tounsts ha drsady advEncad by an SMAMGANCY GVACEIEIGN therafars FRRN A persONNS CamEEOE
D Embedded reports but plenty of housing wers damaged mickey hurricane caused sconomic ksses amounting ko tens us 1 milion
Extamal

e O7/17/2005 0B:00:07 ET Bk

lingual search
technology:

— Speech-to-Text

— Machine
Translation
(English, Arabic,
Chinese, Spanish)

— Advanced Text
Analysis (language
identification and
translation, named
entity extraction
and translation)

— Cross-lingual
Information
Retrieval

& a g L,a g\m _}:’M Dozens Killed in Attack

x@dﬁi\,bm..sn;ﬁ. | g, At least 50 people killed in

&iga ) headguarters of political party
i in the Kurdish city of Arbil in

IO} porthern Iraq.
. — New Iragi government hegin *
1ad tasks

rte Your comments : the +

Sl.u\,a.,.usuwu&.. audHJ@J‘J\hkl—\lds o

ﬂl_.J_i)]LMA_TYI‘,ég‘} a5k um—,dsmm

de’J=!aLJx.Ju_,= u\ﬂl)_a)iuj-a‘h‘_umﬂ
el G R atat R b

o) e i 2l Tn twenty four hours the

: Y g G L previous general elections in
i /L‘ T MIboLE & Britain, based candid

formation of the new
government

The electoral battle in
Britain Enter the Last

Jetsa Northern Irag §

suicide bombing at the =

A court in Tojo
‘# emphasizing immediate
victory in presidential

elections

Consfitutional Court in Tojo
had confirmed an i

::;2‘:" recent attempt to attract

i voters to their ranks.

u )
(2

& m

victory in presidential
elections which tock place last
month, is expected to lead

]

il

Adapted from the presentation slides of Dr.Yuqging Gao’s at ISCSLP2008




IBM Mastor (Speech-to-Speech Translation) Project (1/2)

e MASTOR is a two-way, free form speech translator that assists

human communication using natural spoken language for

people who do not share a common language

IBM Advanced Speech-to-Speech Translation
Techniques

ot |

Slpeec h YW E AMAA Speech
nput _ . :
in source = 5 - =) ) - m:;[;;; tm.

language m‘ language

¥

ASR engines and models: Translation engines and TTS engines and
. models: models:
Decode speech into text
Translate word/concept to Convert Text to
Speech

another language in text

http://domino.research.ibm.com/comm/research_projects.nsf/pages/mastor.index.html

Adapted from the presentation slides of Dr.Yuqging Gao’s at ISCSLP2008

39




'IBM Mastor (Speech-to-Speech Translation) Project (2/2)

Laptop systems
- hands-free, eyes-free function

Handheld System

MASTOR Demo

Adapted from the presentation slides of Dr.Yuqging Gao’s at ISCSLP2008 40



IBM’s Audio-Visual Search Solutions

(T

o

Editor

l

T 4| ViaScribe

A 4

Y T
User preferences %ﬁii
el N

Time-aligned

Transcript, slides | Personalized Views

Producer

Video

A 4

CueVideo

Automatic

Time-aligned
Key-frames

PPT file
(optional)

| I

! :

|

» Slides-to-video !
|

' synchronization |

1

Delivered media is a
personalized build from
+Audio

+Video

+Closed captions

+Slideshow (video-based)

+images of PPT slides
+TTS of PPT slides

+ Audio speedup
+Summarization

Adapted from the presentation slides of Dr. Basson et al.




The Informedia System at CMU

e Video Analysis and Content Extraction (VACE)

— http://www.informedia.cs.cmu.edu/

Informedia-I

Integrated speech, image & language understanding for creating digital video libraries

| VACE
}.' Metad

ata Exiraction 4

£ — .
/ \
Collage Iﬁh | Summarizer W

Templates

User Interface
{final

B representation)

Informedia-II

wideo information surnmarization & visualization

5]

3

International Collaboration: Europe
European chronicles anline for sustaining cultural heritage

Wideo analysiz and cortent extraction for defenze irtelligence

E VACE
.. MEDL
Structuring education pathw ays through digital video libraries

ﬁ CCRHE

| Capturing, coordinating 2 rernermbering hurnan experience

F‘ CareMedia - Automnated video
and sensor analysis for geriatric care

VACE-II: EMVIE: Extensible news video

% irnformation exploitation

E AQUAINT Phase I
Question answ ering frorm errorful multirmedia strearms
FFE International Collaboration: East-VWest
i Cigital library collaboration with Chinese University of Hong Kong
Capturing, integrating & cornrnunicating experiences across people, tirne & space

Experience on Demand

Wideo zearch & surnrmarizationon cn dernand fro-n English & foreign media sources

Multilingual Informedia

=T
S
Tech Spinoff: Grand Illusion Studios (developed in part from Inforrnedia technology)
Creator of interactive audiodvideo interview technaology (syrtehtic interview )

Tech Spinoff: MediaSite (core technology derived from Inforrnedia)l
Developer of softw are, systerns & services to creste searchabla video & audic media sites
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AT&T SCAN System

File Search BScan

| QUERY: [What is the status of the trade deficit with Japan? SEARCH | CLEAR |

| RESULTS - "Whai is the status of the trade deficil with Japan”
RANK PROGRAM DATE STORY  SCORE LENGTH

MNPR_AIl Things Considered 05131
KNPH All Things Considered

MPR/PRI Marketplace

ABC World News Now

MPR All Things Considered

MPH All Things Considered

MPR/PRI Marketplace

CHMHMN Headline Mews

HNPR/PRI Marketplace

MNPR/PRI Marketplace

15.63 2765

(B

(= B R L R o B
a_n
[ R LY

Design and evaluate user
| interfaces to support retrieval
OVERVIEW — NPR ANl Things Considered 0510 | from SpeeCh arChiveS

| deficit
| status
1 japan

| trade e . PR T

| ASR TRANSCRIPTS - NPR All Things Considered  05/10

"expanding defense cooperation span is a part of our pacific democracy defense program will strengthen are lines and
serve on mutual interest that while president clinton is earth credit for renewing inspecting those ties on his recent trip
the administration™s amateurs and in a factory posturing on trade disputes”™

o R L LY o o)

“huster and those ties and assess state of the president’s recent attempt of damage control in nineteen ninety four that
lead administration for both a trade war and lest and then declared victory even though present but received nothing the
clinton a station shows funk war dead and then contradictory tactics™

"did not work for the force camp and saving deregulation competition and economic reform the result
has been an increase In both the bilateral trade deficit and |apanese trade nationalism the merchandise
trade that has no sacred is anthony here no but i do not agree with president clinton’s decision"

"the normal eyes relations with vietnam until they could could have and should receive more returned from vietnam the

decision has been made the case is not closed there are many outstanding issues in our relationship with vietnam was
shared economic and other enters can only be realized™

"after the outcome achieved fullest possible accounting for a missing servicemen and vietnam must understand that

further progress on the field of the a. m. i. a. issue remain are blased bilateral priority now it is simply that i think we all
saw to be very forthright flat out but i have fun”™

“that out neo from about are commercial relations with china was incredible is right the nineteen ninety four when a
funnv decided esdension of most favored nation status was the best wav Lo nromole are lona term interest in china

19. 1699 seconds Stop Audio |

ATET Labs Recoarch | <

Julia Hirschberg,Fernando Pereira, Amit Singhal et al., *SCAN: designing and evaluating user interfaces to 43
support retrieval from speech archives,” SIGIR 1999




Rough’n’Ready System

Distinguished Architecture for Audio
Indexing and Retrleval

Speaker

Segmentation

Speech
Recognition

Clustering

Speaker
Identification

v

Name

Spotting

Audio
Compressor

..........................................

Information
Retrieval
Story MS SQL Serve
Indexin

Classification :

L 2

Story

i Segmentation

. S

Database
Uploader

Automatic Structural Summarization
for Broadcast News

Figure 1. Elements of the automatic structural summarization
produced by Rough’n’Ready.

I| sa slralagy to pressure on council makmg deals and it's known
each day in Southern California latest danger from hell.

or Local bus

.............................

From ABC news World headquarters in New York january thirty
rst nineteen ninety ... this is world news tonight saturday here’'s

and defense secretary ' am Cohen said today
trike agamsl arock would be quote substantial in

=t but ¢ o stressed that the strike would not be

» Saddan H » from power or eliminate his

| the delense secrelary also had strong wnrds Ioday
Nations Security Council ABC's John Moweth)

erican firepower being considered for the Persian
ecretary (_ohen today issued by are the

! s toughest criticism of the UN security council

ming Hussia or China buying named Cohen took
eir reluctance to get tough with iraq.

t ... incredibly hard to accept the proposition but in
i's actions and that of members of the Security
it bring themselves to to clear that this is a

 r material breach ... of old conduct on his part | think

he credibility of Security Council.

'Foreugn relations with the

United States
Inspections
United Nations

Iraq

John Makhoul et al., “Integrated technologies for indexing spoken language,” Communications of the ACM, 2000

[Politics and government




Google Voice Search

Google Audio Indexing:

Searching what people are saying inside YouTube videos
(currently only for what the politicians are saying)

FUED) &) hitp:ilabs z00zle comdzandi

D> EEE
Google [Gl» gvoge labs v B0 O B - iy S Daefak

T HFEE - (& FEH 4 [ ek ? OBE- lemowo < -

-~
G ] Search what the politicians are saying
0 (_)866 Obarna grandmother Search videos Learn more

Audio Indexing

Audio Indexing

Google Voice Local Search

All Politicians | McCain | Obama | Debates

1B Seniors for Obama
1 month ago - 11:25 - about 9 mentions

Dial from any phone : Earack Obama on Yeterans in Sioux Falls 50

1-800-GO0G-411 =

Seniors for Obama

Earack Obama at American Universit
9 months ago - 13:38 - about 2 mentions

(1-800-466-4411)

-
Earack Obama on Equal Pay in Albuguergue Mii
About GOOG 411 2 months ago - 09:19 - about 2 mentions

Google's new 411 service is free, fast and easy to
use. Give it a try now and see how simple it is to

find and connect with local businesses for free Barack Obama in Louisville KY l. L = = 00:00 | <))

5 months ago - 04:35 - about 4 mentions

Learn maore - FAG

Obama grandmother Search inside this video
YD u T“he Liked the video? YWant to comment or guess who

" a5 » I'was born and where he and my grandmother help raise | think you
. the voice of GO0OG-411 is? Post your opinion on GO\MMM’U% 1 e b
| @ Tl | = [ menu our YouTube page. ©

1234586 Next » ...izsues come and go Senatar Obama called the saying absolutely

correct

Dial 1-800-500G-411 Slale the lucalion and Cuninetl lu Lhe e Donsl

fram any phone business type business for free 3 ...the problem the bigger question Barack Obama does not want to

privatize

~

= D HEREE

& Ys

E2007 Google - Terms of Service - Privacy Policy - Google Home - Mobile Home

<

45
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Microsoft Research Audio-Video Indexing System (MAVIS)

e MAVIS uses speech recognition technology to index spoken
content of recorded conversations, like meetings, conference

calls, voice mails, lectures, Internet videos

;g Audio Search

v R raton hrypervear

Audio Search Resolts

Microsoft Research 2008

\l!iﬂr—

http://research.microsoft.com/en-us/projects/mavis/
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MIT Lecture Browser

e Retrieval and browsing of academic lectures of various

categories

€ MIT Lecture Browser - Mozilla Firefox

Lecture Browser

SPOKEN LECTURE PROCESSING

MIT COMPUTER SCIENCE AND ARTIFICIAL INTELLIGTMCE LABDRATORY

[nacks AND pumpkin | Any category =] Search I

Examples: saxophone, "Beatrix Potter”, shack AND dome

and/ or pick a category:

Search for words:

1 result for hacks AND pumpkin

1. Where the Sun Shines, There Hack They

October 20, 2005 (Samuel Jay Keyser) 1:00:42
(B ») * » v b=
- . i > = = =

» that's terrific anybody else who who into jets if | make a mistake by all
means please too because i don't really i'm not a historian of hacks on
just sort of a gentle observer ... here is close up ... that is on the way
down

») an attraction for hackers and this is the jacket latin on the dome ... and
let's see that one was the great pumpkin charlie brown and that was in
october of nineteen sixty two ... that was anonymous here it's

») ones that's another made up name it you remember was a you know that
that i can | keep apart ... those hacks done by the t h 3 and thase hacks
that would invite people to remain anomymous and were sort of you
know sort of even sub rows even suburb rows person bows are her in in
a'way and however domes

») the best tax for last because ... be presenting them ... the chronicle did

=Ioix|

Lo |

for hackers and this is the jacket latin on the dome ... and let's J
see that one was the great pumpkin charlie brown and that was

in october of nineteen sixty two ... that was anonymous here it’s

... that the that the similarly | decorated dome this is out on the
fremch ... mass avenue notice the stew are anonymous ... and so
they the the hackers started ago on the ground ... here this is

my this was actually nineteen sixty two all this when i'm not sure

of does anybody know the first one was i t sixty two ... there

agaiin this is on the green building let's see i may have of the day
for that know i guess i don't | guess it down as i said the dome

was a great attraction and this is you can't see it in quite but you ¥|

v http://web.sls.csail.mit.edu/lectures
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r Contact Centers

peech Communication Technology

Automatic document-retrieval by speech recognition

Customer

My printer won't print—
it's causing me a lot of
trouble!

Screen shot of CSR terminal

Lt W
wHE-T7-F wEER

ENR
7B
IP%;
*

£

| see, printer trouble.
Is the “service call”
message displayed?

an

Here is the answer in
the case of service call
no. Xx.

One-touch
document browsing

~,

-

Document in answer to topic is
automatically retrieved.

-
>

ETATF
x| T

— (CSR: Customer Service Representative

Ap
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peechBot Audio/Video Search System at HP Labs

e An experimental Web-based tool from HP Labs that used voice-
recognition to create seachable keyword transcripts from
thousands of hours of audio content

P SpeechBot - search results for “Irag” - Microsoft Internet Explorer

WRE EEE BRE SM8ER TAD Hem L7
A
— - - o () g5 k- r . B 4
OrF- QO [ [E % Pus Jramez @xe & - F L)
EEaun] @ hitp:/fspeechbot research.compag comg=Trag Setopic="*5dr=* B E | EE
Worton Anti¥ims 51 -
UMITED STATES 5
o
search:
» contact hp |a
% hplabs site T all of hp US
[ﬁ] printable version
ﬂ at New Search
invent
» hp labs Simple Search Power Search elp » FAQ » About SpeechBot » Feedback
» research = -
All dates hd
» news and events
» technical reports Tip: To improve the relevance of your results, enter more than one word in the "Search for” box
i [Relevance v|
- - h
» careers @ hp labs Search Result: 200 matches for your query Sort results by: m
» people
» worldwide sites Website Date Extract from Transcript
» cambridge research lab (Transcripts based on speech recognition are not exact)
. PBS Online Jan 27, 2003 ...wasg of 1 mind in creating a last opportunity for peaceful
» downloads NewsHour dizarmament in iraq through inspection unmovic shares the sense of
pLAY urgency felt by.
extract i
» contact hp labs . - e
. PBS Online Feb 5, 2003 ...progress towards what end long age the security council this
MNewsHour council reguired iraq to halt all nuclear activities...
pLAY Show me more w
svtrart ==
& © PSR

-



Some Prototype Systems Developed in Taiwan

NTU Broadcast News Retrieval and Browsing System ~ NTNU PDA Broadcast News Retrieval
(Prof. Lin-shan Leee), 2004~ System (Dr. Berlin Chen), 2oo3~2004

Ry doingie  ©

Broadcast MNews Ketrieval /Browsing 5ysien

M # E & [Intemational Political News] Topic Map (h}
M A E¢d (Local Political Mews] Topic Map
B #} #f #2 [International Business | Topic Map
[E] Py W48 [Local Business | Topic Map ! ' ¥h LAY
) #/- 35 &] [ntemnational Enteriainment]  Topic Map FEL CAE &7 Mtk
M & # 4 [Local Entertainment] Topic Map -
] ﬂH 'ﬂ' [Intermational Sports] Topic Mag * 1‘ H: H'F#' o ﬂ Miﬁ' ﬂ: ﬁ' ?F "
e — 040304-13. T4 SEERHR R BAT
PR O e T 4 —== 2 e L)
1 1] st 20k 4 T G ol ) 2 frurn.] 02 09 27 021216-24, _EEF{mAilnra i Ly

Bohaad RAS & - 040309-10 IEARHEIEH & AT iR 25
: nem g2t 021210-23. ElH N S A E E T
Kt $HE | Riesw g Py

5 : = -

L EERa g B =TI R

e

EABHRE R SRS AR

e AL

11 2] Prdk i dd ot ss & 0] 60 05 40 ok 0 € 0 9544 Jsum ] 02.09.20
[ 3] at @, 5] FfLHL 3 FT 4R Gk 4 80 T A [sum.] 02.10.23
1] 4] st w1 P4 o 0 45 i e ) [, | 02,1001
[ 51 Ak i, P 76 40 g T b e e [sum.] 02.08.21
| ] sk o, o] e v o 00 e ] i A [sum.] 02.11.23
T 7] st ik o») o BF 8 B — &5 o0 0 T W LR TR kb [sum.] O2.06.0F
1 8] st ] 0 0 BP0 e ] LM TR R LR, mum | D202 12
Ijlr S st B A 00 Ao WP A A K Taum ) 020420

T »

(<)
o to Level1

ST ik i FTE A & 7] TR : 3
FHi {24 Hed K@ — | %‘?ﬁﬂ Bl --- |

e | [l FT e e

] [

e = (@) ’
@ B4k BN B R KA R R E summary || PR AR File: Settings il
(May 037021 2:00) PR

BB A R T 45 Gk 4 AT B 6 B 80 = B B 4 ) [summary]
(May 06/02/12:00)

Hasﬁﬁﬁ\ﬁm@,uﬁﬁamggmm-‘r [summary] EAG i
({Sep 20002123
an%#k;ﬂ?ﬁﬂmélﬁﬂﬁﬁﬂﬂ*mﬂ [summary] || S &E
{Oct 30/'02/12:00)

I i 4 A 4k ik 4 B B W48 AT A 4 4t [summary)

£ 4
(Nov 02/'02/12:00)
go to Level-2 J

&" Lin-shan Lee and Berlin Chen, "Spoken document understanding and organization,” IEEE Signal Processing Magazine, 2005.



Appendix A: Actual Term Weighted Value (2/2)

e Actual Term Weighted Value (ATWYV) is a metric defined in the
NIST Spoken Detection (STD) 2006 evaluation plan

0
ATWV =1 —é zl{Pmiss (9)+ BPea(q)}
q=

o) __ Alg)-Clg)
Poiss(q)=1-22 PFA(Q)_ntpsxzpeech _qc(q)

Tipeech = duration of speech (in sec.)

n,,s =number of trials per sec. of speech
R(q) = total number of times examples of a specific term (phrase) g actually appears
C(gq) = total number of times examples of a specific term (phrase) ¢ detected

by the system that are actually correct
A(q) = total number of times examples of a specific term (phrase) g detected

by the system

L : empirically set parameter (e.g.,1000)

Ip 51



Appendix A: Mean Average Precision (mAP) (1/2)

e Average Precision at Seen Relevant Documents

— Asingle value summary of the ranking by averaging the precision figures
obtained after each new relevant doc is observed

1.d,,50 (P=1.0) 6.dge (P=0.5) 11. d3g

2. dg, 7. dsqy 12. dyg

3.ds5 e (P=0.66) 8. dyyg 13. dys5

4. dg 9.d.5; 14. d,q5

5. dg 10. d,5 © (P=0.4) 15. d; e (P=0.3)
(1.0+0.66+0.5+0.4+0.3)/5=0.57

alg2 |t favors systems which retrieve relevant docs quickly (early in
. theranking)

cutoff 3 But when doc cutoff levels were used

o o 5 5«
e * Analgorithm might present a good average precision at seen
relevant docs but have a poor performance in terms of overall recall
[

I <
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Appendix A: Mean Average Precision (mAP) (2/2)

e Averaged at relevant docs and across queries

— E.g.relevant docs ranked at 1, 5, 10, precisions
are 1/1, 2/5, 3/10,

e non-interpolated average precision (or called Average Precision at
Seen Relevant Documents in textbook) =(1/2+2/5+3/10)/3

— Mean average Precision (mAP)

1 2]
‘Q‘ Z (non —interpolated average precision),

e Widely used in IR performance evaluation

Ip
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Appendix A: Word Error Rate (WER) (2/2)

e The speech recognition experiments are usually evaluated in
terms of word error rate (WER)

Ins + Sub + Del
Ref

WER =

— Defined by the sum of the insertion (Ins), deletion (Del), and substitution
(Sub) errors between the recognized and reference word strings, divided
by the total number of words in the reference string (Ref)
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Position-Specific Posterior Probability Lattices (1/6)

e Soft-hit: indexing of the occurrence of each word n in the lattice

a,ll]= > P(r)
/ w.end (7)=n,length (7 )=I

position/length along the
partial path traversed

e A modified forward procedure

a,ll+11=Ya, [1+50, .e)Pl, ;) insertion penalty
. 1 1 -
log P(ls_i): n '(;108 Pyy (ls_i)+ log Ppy, (ls_i )— ;log P[Pj
<
S-P C. Chelba, J. Silva and A. Acero, “Soft indexing of speech content for search in spoken documents,” 55

Computer Speech & Language 21(3), 2007



Position-Specific Posterior Probability Lattices (2/6)

e The backward procedure follows the original definition

e The posterior probability for a word w at position [ is expressed
as (i.e., expected counts of w at position ()

Pt |LATY =y El B s ord(my)

n s.t.a,[l]4,>0 IBStClVf

T T T T T T T T
0.00 0.50 1.00 1.50 225 2.85

Time (s) 4




Position-Specific Posterior Probability Lattices (3/6)

e A document D can be first divided into several segments
e Then, calculate the expected count of a given query term
according to the PSPL probability distribution for each segment

s of document D
Q = 4192, >4 Mm

Query

unigram
matching

N-gram
(or phrase)
matching

<

f

-

M
\Sl—gram (D,0Q) = Z_: S(Dan')

(S(D,q;)=log[ 1+% ZP(wi(s) = 4;]D)]

\P(w,l|LAT)

N -1
(D41 t1sx ) =01+ LT PO, (5)= 1y | D)

i=1

M —N +1

SN—gram (D:Q): ZIS(DaQi---QHN—l)
1=

M
S(DaQ):NZil/IN'SN—gram (D,0) <

p
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Position-Specific Posterior Probability Lattices (4/6)

e “"Relative Pruning” of PSPL lattices
— For a given position bin [, the relative pruning first finds the most likely
word entry given by

Wl* =argmax p(w;(s)=w| D)

wel

— Word entries have test values lower than or equal to the threshold are
retained in the position bin of the PSPL lattice

P(w(s)=w/ |D) _
P(w,(s) =w|D)
e As the threshold decreased to zero, the pruned PSPL is

reduced “approximately” to the 1-best output
 Then, the posterior probability of words (bin entries) 7,

W, = {weV :log L} 1 efo,0)

in each bin are renormalized <

3p ;



Position-Specific Posterior Probability Lattices (5/6)

e “Absolute Pruning” of PSPL lattices

— Retrain the word entries in each bin [ that have log posterior probability
higher than an absolute threshold

P(w, (s)= Q‘D)= P (Wl (s)= Q‘D)' 1{1ogzD(w, (s)=q|D P74, |

Tabs € (_0090]

“Absolute Pruning” can be performed at query run-time

Ip :



Position-Specific Posterior Probability Lattices (6/6)

e Corpus: MIT iCampus Corpus (169 h, recorded using lapel microphone)
— 116 test text queries (Q-OOV rate: 5.2%; avg. query length: 1.97 words)

Table 3
Retrieval performance on indexes built from PSPL lattices under various PSPL probability assignments
lat raw noP unif l-best

# docs retrieved 4971 4971 4971 4971 3206
# relevant docs 1416 1416 1416 1416 1416
# rel retrieved 1301 1301 1301 1301 1088
MAP 0.62 0.60 0.47 0.57 (.53
R-precision (.58 0.56 0.42 0.52 0.53

without flattening of without using Uniform posterior

word prob. posterior prob. prob.

| | (hard-index, more 1.0/#entries in each
log P(lsii): n -(;log Py (lsii)_i' log Py (lsii)_ ;log P]P) than one word position
occurs at the same
position)

Sp
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