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Research Thesis Topic:
Content-Based Audio Fingerprinting System

My research would also focus on Audio Fingerprint. Recently,
content-based multimedia information (both video and audio) retrieval has
been noted as an attractive state-of-the-art application service with the
development of computer technology and digital technology. The applications
of such retrieval include: broadcast monitoring, connected audio, filtering
technology for file sharing, automatic music library organization, etc. Finding
an exactly wanted music or video clip is not a trivial task especially when the
database is huge. The main difficulties are:

1. Bitlevel matching is not practical and effective.

2. Due to the application speed requirement, the search time should be
bearable even in a large scale database

The research will focus the problem in audio domain, and the
fingerprinting is proven an effective way to solve this problem. The basic idea
of fingerprinting is to identify a piece of audio content by extracting a unique
signature from it. Then the unknown (need to be searched) content can be
identified by comparing its signature to the signatures contained in the
database which previously stored. A good fingerprinting should satisfy the
following requirements:

1. Small, which means the fingerprinting should be the compact
representation of the content of the audio clip, this is essential in save
and fast computation

2. Effective, this denotes that the perceptual irrelevancies in the audio
signal should be removed and the fingerprinting can really represent
the content of the audio signal.

3. Easy in search: the fingerprinting should be very easy and effective in
searching (comparison) to accelerate the retrieval process.

Based on these requirements, a fingerprint system generally consists of
two parts: fingerprints extraction and effective fingerprint matching. Even
though successful implementations of audio fingerprinting systems exist in
the market, there is room for improvement. Specifically more discriminative,
compact and robust features would allow for smaller fingerprints. Together
with distance and scalable search methods, this would allow for more accurate
and computationally efficient systems. To achieve this, the research will
explore the topics as follows:



1. Robust and compact fingerprint feature extraction. It has been proved
that wavelet is a suitable tool in analyze the audio signal in both time
and frequency domain, adopt the wavelet analysis to the audio
fingerprint extraction should be a good choice. Furthermore,
considering that the audio signal both in time and spectrum domain,
we can perceive the audio signal as a 2D signal, then some new
technology in computer vision field especially in video/image retrieval
can be explored to address this problem.

2. Beside bottom-up feature based fingerprint, we can consider adding
some top-down high level semantics metadata into the audio signal. It
is shown that high level feature play an important role in people’s
search task, and this can be used in our audio retrieval system. What'’s
more, these metadata can be used both in pre-selection and
post-refine.

3. Built-up an effective search path, this include applying simple but
effective measure criteria and a well organized search database. With
some well designed prune operation, a well organized database
especially with some high-level semantic information can accelerate
the search greatly.

4. Considering that the multimedia is composed of both audio and
video, it is reasonable take the video fingerprint into consideration. In
video retrieval task, some standards such as MPEG-7, H264 have
proposed some video/image feature (like main color and orientation)
and high-level semantic information (like indoor or outdoor, region of
interest, etc). Here we can go further like this way and make a more
effective combined while complementary fingerprinting system for a
multimedia database.

(2) T e = I e J R A s T T T TR (R SR
L 2 I - B RV A AR R ﬁ%‘fﬁ#ﬁéﬁfﬁ HETRIFSE I
Ih oSt S S AR o R PR ST PR RLE T
ﬁ;a?flfﬁﬁfjlﬁj il [ﬂ?\b@‘f{ E\Jﬁgw]gﬁj FL‘ B ,’gﬂﬂuaﬁj FL‘ Eva E[I9% P
O 38 IRy B S E R 4 2R o AT S P A
RISUT] o VAR 1 o T SRR R 2 R = REE A
PR R EIEOIRIRE - R RO E R -



ARFCERE L

FEA Y ek 2B (Gantt Chart)

BN LT R R

4 8 12 16 20 24 28 32 36 40 44 48
[)F3 [)F3 [)F I3 [)F [)E3 [)F3 [)F3 [)F3 [)F3 [)F3 [)F3
1 {3 p 1 ] 1 ] 1 ] 1 ] 1 ] 1 ]
ARG P
=E) —
Y S

i NES

% 47

NP i
LhER

::H.g_e 5\“ A ¥
EICREN
4

e




FRE%
FE At




Ly

\.‘u\fg

(PP SRRl
ﬁ‘ﬁ”lr‘\* @l\;ﬁ University of London ) kLl % {5 ) pusefk
:ﬁm RS U (3 TR - FopLH] i FIREE AR B  — o 2
T SO (SO S
TP P T B RS o SR SRR AR PV E A
ISP SR R IRl IO R e R o R
FoRFF Eﬁf‘?‘ﬁﬂ*ﬁ% 7| [ 2 5285k ( Courtauld Institute of Art)
ROTH PR RER Pl S T o [P SRS R e | PR R PR o F
SRl (Ui S50l ~ 1 Sl ) PRIt el i =e — A SRAEES
{502 ol i R 2 TR (i VA [ ET B (Bloomsbury ) (i
S #4) (Russell Square) fIUgi &) (Senate House) '] » F/M
@?Jﬁ%ﬂ'?fﬁﬁﬂ‘ﬁiﬁﬁ (= e 7 [RS8 (Senate House ) » kL{fH7
ST RS FRIE B 2

SRS LA SR AL
(PSSP R >
AFIFE [P SFAVEE o [ By
VE NS 1952 F
El%”ﬁﬁﬁﬁk (Royal Charter) |
CLE R T
P B (WS BERLA (P SRy o YT B IR ] Y = SR
™o SR SRR I e AABARINE [ SR IRAISR A

1836 e SR FIEALIN o U e S ERHE A I 2 ST
RSPl o Q14 SPIEE ] 19 B o [ (BN SEERE AR S BP0
PRI - [P SR S ARG R g S
TP I8 £ o S TR SR AR AT fe (B o 3l R v
= o T 2ErEr ISJT—?EJJF T SRS b LR (SRR o AN

-8-



CES T i FRRAREFLe VSR A pY TR A
( Recognized bodies ) E’* VeI T S ag ] - Pt - ETIRL
[EARH {5957 B AUBEPY T p Rt ) (Listed bodies) -

R [P S S R AT R
B o [F.JE“V{ES«IE Z[% (King's College London -
F7PH KCL) » G [ bl 215 - AL
AR - > 1829 L i,
DLH R RS B 2 S B I
R S Al RLYBLE = P AR
B IRV £ 280k %%H‘E"%E@%ﬁ\@ﬁ > 2007 = fEFﬁ TE_'Jl
ST (THES) OASPREE T 2 5R5Y 24 =2 2 i) 6 - 2005 # (@
) TR FFN PR (P2 S5 - [RTRESRE
BT SREAEFFFH)  FH R R BFERERT =S E - G
PP 2011 =52 2012 & 53l QS fHl b NSRRI I5Y 27 A
5726 i o STHE S T sf%l]‘%[—{ ) u;.H B RATR o

_1\

= [ECOVEREREHE

S 1 BT Faculty)

BRI SRS - HHR T 200 278

S SO PUHARERGF S BHOH - AE ok
%’B [IFEE ﬁ“4 fMﬁH TR © 1At

T 8

mﬁﬁ\lﬂ RN i e
BraEl el 7J EERZaa NG
HF RIS 200 557 > FAIEVG (modules) [T 5 - A
['FPIIO-ZO (555 70 E PR ]‘%H S Fl?:jﬁurﬁﬂfjr,{biﬂ;k el g
P DA TR P e




1l

HBHEISI 50 BIRIFE]

T‘i%[ﬁ?‘iﬁé"%ﬁ_ SR BIE R - Rl EGR P E]
(Traditional Research PhD) ; iﬂ (%] (Integrated PhD) - [E?Eﬁ[aszl]’ﬁ
55 (Newcastle University) FUZsSFS=pif > 1L as«lﬁ *f?gj ﬂ%gwr
gk & Bl (Russell Group) 5” (frEIFJ P [ES«IEPF—*\,EL%‘?ZEE |2 E5R) ﬂ}
m*fnuﬁ4ﬁﬁaﬂwﬁwﬁﬁﬁ%ﬂ b }%w
(SAFHERAE T - 2EA 2 el 5EH 200 lﬁ{?ﬁﬂiﬁmu?”% A
TSR F P #‘ﬁ‘/ﬁH Tu?i’?f‘fi'iféﬂ L TR AT RSl
X l‘lf[fﬁﬂe" e IW’ETF%%E%‘T%@ S AE o [N Fpuﬂ’}%?‘}%’@?.r
‘ﬂ@i[@“ﬁﬁﬁﬁi S ESRYE I o

HE T E PJF' , Iﬁl1ﬁmuf{fj]‘ﬁl—{ Fr,ﬁiz =6 % Sf WA ETH E‘yﬂm
A 7 f W 8 T i T PJF’ Tu?l/ U%y =Y PRI E 2 1o R
F (critical thinking)==# 17 (new knowledge/findings)p i » ™5 =3
Bl = Ry 85 TR [/gcj\ *‘r@:{’lﬂu P A R
|EEE S35 68 > JPAELEE 2 LIS 0e Wﬁ% Josa = T 'iFFu
s ] A L P R YRR 4

HEigA -

-10-



& FHE

IS E

FBERH] AT PR ) TR - R S
TR = U = ] ST R o s 'ﬁﬁ4 S PR
Elgﬁm Ufrffizlﬁmt 1%;4 S IV UL (SEA ﬁ?&[ F’\"J‘J[EF
SR CAREE 2« B RIVRLETE AT SR SERE L B
FJ{ZE‘J%‘}% b;ﬁf%rﬁfiﬂ‘iiﬁoﬁ'ﬁﬂm ERET
T P ,aeﬁlﬁrg USRS W R T R %}%Fu P R
ﬁtm;goj\ .

IISBEE 2 'Eﬁ'ffdl«? :

B B R R %Tijifﬁ = ELEE 5 F[[LEF%I'%T':’EI’?J\]
*Wﬁ%%ﬁ_ g e SRR o TR EE S
[l %T?*FI’E"L;”;#R * R F‘%lﬁf FIFH IR tﬁiuﬂf{ PEE R (PR )
TR NS *I?fﬁ?ﬁ PR S BS E Z SR (IR ) o YV ER
T G B R EESBE 5 1R BN R B U Y
R S S Ff’#%‘%ﬁ%jﬁﬁhﬁ e E PR A SR
PR L AR S - TR BIERSTT] - A B R % 57 5 1
NG e NTNE S tE e e § SUNETIE i Rl W]
IR (7 (s i RS -

-11-



TR T [ (S IEE D AR
SIS S F (B TR P BBERY

-12-



P

UK Research Proposal on BT :

Speaker Recognition

1. Statement & Definition of the research problem

The goal of speaker recognition is to find a person’s identity via his/her voices, which
can be further divided into speaker identification and speaker verification depending
on application needs. In speaker identification, the system has trained models for a
certain amount of speakers and the task is to determine which one of these models
best matches the current speaker. In verification, the identity of the current speaker is
enrolled in the system beforehand and the task is to determine whether the current
speaker is the claimed one or not. Speaker recognition methods can also be divided
into text-dependent and text-independent methods. The former requires the speaker to
say keywords or sentences having the same text for both training and recognition
trials, while the latter does not rely on a specific text being spoken. Besides
verification and identification, speaker recognition can also be used for multi-modal
biometric identification which employs face images, lips movement, and voices for
better performance.

2. What contribution your research will make

To identify potential new acoustic features for improving speaker recognition.
To alleviate the problem of channel effects for speaker recognition.
To investigate new classification or modeling methods for speaker recognition

To advance the state-of-the-art of speaker recognition in general, for possible
real-world applications.

3. The state of the research

The state-of-the-art of speaker recognition for various types of applications can be
accessed via the homepage for NIST Speaker Recognition Evaluation. For my
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research, | will focus on speaker verification/identification under text-dependent
context. Related journals and conferences are listed next.

Conferences:

® ICASSP: IEEE International Conference on Acoustics, Speech, and Signal
Processing

® INTERSPEECH

® ISCSLP: International Symposium on Chinese Spoken Language Processing

Journals:

IEEE Transaction on Audio, Speech, and Language Processing
JASA: Journal of the Acoustical Society of America

Speech Communication

Digital Signal Processing

Computer Speech and Language

Paper:

® A Highly Robust Audio Fingerprinting System
® Audio Fingerprinting: Nearest Neighbor Search in High Dimensional Binary
Spaces

4. Justification of research based on review

Most approaches to speaker recognition are based on frame-based acoustic features,
such as MFCC. However, human performs speaker recognition by taking extra
information into consideration, such as prosodic information presented in pitch
contours, pause patterns, energy profiles, and so on. So we shall employ these various
types of segment-based information for improving speaker recognition. It is also
shown in numerous studies that environmental noises and channel effects can reduce
the performance of speaker recognition a lot. As a result, we shall investigate the use
of various speech enhancement schemes and feature normalization methods for
increasing the robustness of speaker recognition.

-14-



5

. Research Plan (how will contribution be achieved)

Employ other frame-based acoustic features besides MFCC (such as LPC,
spectrum centroid, or pitch), or segment-based prosodic information (such as
pitch contours, pauses, duration, volume) to improve the performance of speaker
recognition.

Apply hybrid methods (such as DTW, GMM and HMM) for speaker recognition
under various scenario.

Investigate various speech enhancement schemes and feature normalization
methods to reduce environmental noises and channel effects.

Integrate the above techniques to verify the overall performance by participating
NIST Speech Recognition Evaluation.
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® ICASSP: IEEE International Conference on Acoustics, Speech, and Signal Processing
® |INTERSPEECH

® ISCSLP: International Symposium on Chinese Spoken Language Processing
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IEEE Transaction on Audio, Speech, and Language Processing

JASA: Journal of the Acoustical Society of America

Speech Communication

Digital Signal Processing

Computer Speech and Language
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