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1. TOM TAT NOI DUNG LUAN AN:
Luan an nghién ctru vé phuong phap phan tich tin hiéu da phan giai, trong d6 tap trung vao cac
phép bién do6i ho Chirplet va cac ung dung vao xtr ly tiéng noi.

Noi dung chinh d4u tién cta ludn an khai thac phép bién doi Chirplet tuyén tinh (Linear Chirplet
Transform — LCT) va ung dung nhitng phuong phap nay vao mot so cac bai toan don gian trong
linh vuc xur 1y tieng néi nhu nhan dang gidi tinh, nhan dang ving mién.

Noi dung chinh thir hai tip trung vao nang cao kha nang phéng nhiéu cho déc trung thu dugc tur
phép bién do61 Chirplet tuyén tinh. Luén an da tién hanh két hop phép bién d61 Chirplet tuyen tinh
v6i bo ty ma hoa bién phan va bd loc Chebyshev d€ nang cao chat lugng dac trung.

No6i dung chinh thir ba tap trung vao phan tich va lam rd nhitng giéi han cua LCT, qua d6 mo
rong thanh phép bién ddi Chirplet tuyén tinh tong quat (General Linear Chirplet Transform —
GLCT). Sau d6, luan an két hop GLCT véi phuong phéap phan tich gia tri don rat gon (Truncated
Singular Value Decomposition - tSVD) dé tao thanh phép bién doi Chirplet tuyén tinh tong quat
rat gon quat (Compressed General Linear Chirplet Transform — CGLCT).

Noi dung chinh thr tu tap trung vao qua trinh mo rong tur phép bién doi LCT thanh phép bién
doi Chirplet da thire (Polynomial Chirplet Transform — PCT) va phép bién doi Chirplet nhiéu
ham da thirc (Multi-Polynomial Chirplet Transform — MPCT).

2. NHUNG KET QUA MOI CUA LUAN AN:
Luén an da dat dugc mot so két qua mai, bao gom:

Két qua 1: D& xuét thuat toan trich xuét dic trung tiéng néi dya trén phép bién d6i LCT. Luan an
da su dung dac trung LCT vo6i hé s6 chirp am vao cac bai toan nhan dang don gian nhu nhéan
dang gidi tinh, nhan dang vung mién.

Két qua 2: Nang cao kha nang chéng nhiéu cho phép bién d6i LCT. Cu thé, luan 4n da két hop
phép bién d6i LCT véi bo ty ma hoa bién phan va bd loc Chebyshev dé loc nhidu va tang cuong
tiéng noi, qua d6 nang cao hiéu qua cho mé hinh nhan dang véi dit lidu dau vao bi nhidu.

Két qua 3: bé xuét hai thuat toan mé rong kha nang ctia LCT béng cach sir dung nhiéu ham
tuyen tinh bao gdbm GLCT va CGLCT. Thr nhat, luan an két hop nhiéu phép bién d6i LCT doc
lap dé tao thanh phép bién d6i GLCT. Sau d6, luan an da dé& xuat mot phuong phap giam chiéu
cho khong gian dic trung thu dugc tir phép bién d6i GLCT bang tSVD.

Két qua 4: Dé xuét hai thuat toan nang cao kha ning biéu dién quy luat bién d6i cua tin hiéu gdm
PCT va MPCT. Tur duong tan so tirc thoi dang tuyén tinh, luén an dé xuat st dung dudng tan so
turc thot dang da thue dé c6 thé bi€u dién duogc su thay doi phuc tap cua tieng noi.

3. CAC UNG DUNG/KHA NANG UNG DUNG TRONG THUC TIEN HAY NHUNG
VAN DE CON BO NGO CAN TIEP TUC NGHIEN CUU



Mac du cac dac trung da phan giai ho Chirplet co chat luong tbt, chiing van gip phai mot s6 han
ché can dugc nghién ciru va khic phuc nhu sau:

Pau tién, mic du giam duoc d6 phuc tap cho md hinh nhén dang phia sau, qua trinh xu 1y cua
phép bién d6i Chirplet chua t61 wru vé toc dd so véi cac phuong phap nhu anh pho hay anh pho
mel. Do d6, huéng phat trién dau tién 1a thiét ké thudt toan tinh toan nhanh, nhim nang cao tdc
d6 thuc thi ciia phép bién d6i Chirplet, giup tmg dung trong thoi gian thuc va cac hé thong yéu
cau hiéu ning cao.

Thir hai, véi phép bién d6i CGLCT, du hiéu qua t6t nhung do da qua phép bién ddi tSVD, thong
tin khong con minh bach nhu ban dau, va kha ning giai thich dwoc cua dic trung suy giam dang
ké. Vi vay, hudng phat trién tiép theo cho CGLCT 1a nang cao kha ning giai thich cua dic trung,
c6 thé thong qua viée két hop véi cac ki thuat hoc may giai thich duoc hodc tdi vu héa qua trinh
giam chiéu dit liéu ma khong 1am mat mat thong tin quan trong.

Cubi cung, vdi phep bién d6i MPCT, thot gian thyc thi va kich thudce vector dac trung van con
turong ddi 16n. Do do, huong phat trién tiép theo la giam do phuc tap ca khong gian va thoi gian
cho qué trinh xtr 1y. Diéu nay c6 thé dat dugc bang cach t6i vu hoa thuit toan, ap dung cac ky
thuat giam chiéu hiéu qua hon, hodc st dung cac phuong phap tinh todn song song va tbi wu hoa
phan cimg.

TAP THE CAN BQ HUONG DAN NGHIEN CU'U SINH
TS. TRAN THAI SON  TS. CHAU THANH PUC PO BUC HAO

XAC NHAN CUA CO SO PAO TAO
HIEU TRUONG



THESIS INFORMATION
(1-1.5 A4 pages)

Thesis title: Multiresolution signal analysis and its applications in speech processing
Speciality: Computer science

Code: 9480101

Name of PhD Student: Hao Duc Do

Academic year: 2019

Supervisor: Dr. Son Thai Tran and Dr. Duc Thanh Chau

At: VNUHCM - University of Science

1. SUMMARY:
The dissertation investigates multi-resolution signal analysis methods, with a focus on the family
of Chirplet transforms and their applications in speech processing.

The first main part of the dissertation explores the Linear Chirplet Transform (LCT) and applies
this method to some basic tasks in speech processing, such as gender recognition and dialect
recognition.

The second main part concentrates on enhancing the noise robustness of the features obtained
from the Linear Chirplet Transform. The dissertation integrates the Linear Chirplet Transform
with Variational AutoEncoders (VAE) and Chebyshev filters to improve feature quality.

The third main part focuses on analyzing and clarifying the limitations of the LCT, thereby
extending it to the General Linear Chirplet Transform (GLCT). Subsequently, the dissertation
combines the GLCT with Truncated Singular Value Decomposition (tSVD) to form the
Compressed General Linear Chirplet Transform (CGLCT).

The fourth main part emphasizes extending the LCT to the Polynomial Chirplet Transform
(PCT) and the Multi-Polynomial Chirplet Transform (MPCT).

2. NOVELTY OF THESIS:
The dissertation achieved four new results, including:

Result 1: A speech feature extraction algorithm based on the LCT transform was proposed. The
dissertation utilized LCT-based features with negative chirp coefficients in simple recognition
tasks such as gender and dialect recognition.

Result 2: Improved noise robustness of the LCT transform. Specifically, the dissertation
integrated the LCT transform with a Variational AutoEncoder and a Chebyshev filter for noise
suppression and speech enhancement, thereby improving the performance of recognition models
under noisy input conditions.

Result 3: Proposed two algorithms to extend the capabilities of LCT through the use of multiple
linear functions, resulting in the GLCT and CGLCT. First, multiple independent LCT transforms
were combined to form the GLCT. Subsequently, the dissertation proposed a dimension
reduction method for the GLCT-derived feature space using truncated Singular Value
Decomposition (tSVD).

Result 4: Proposed two algorithms (PCT and MPCT) to enhance the representational power of
signal variation patterns. Moving from a linear instantaneous frequency trajectory, the
dissertation introduced polynomial instantaneous frequency trajectories to better capture the
complex variations in speech.



3. APPLICATIONS/ APPLICABILITY/ PERSPECTIVE
Although the multi-resolution Chirplet family features exhibit high quality, they still face several
limitations that warrant further investigation and improvement, as follows:

First, while these features reduce complexity for the subsequent recognition models, the Chirplet
transform’s processing speed is not yet optimized compared to methods like spectral images or
mel-spectrograms. Thus, the first development direction involves designing fast computation
algorithms to enhance the execution speed of the Chirplet transform, facilitating real-time
applications and high-performance systems.

Second, with the CGLCT transform, although the effectiveness is good, the application of tSVD
leads to reduced transparency of the original information and significantly diminishes the
interpretability of the features. Therefore, the next development direction for CGLCT is to
improve feature interpretability. This could be achieved by integrating explainable machine
learning techniques or optimizing the dimensionality reduction process to avoid the loss of
critical information.

Finally, for the MPCT transform, the execution time and feature vector size remain relatively
large. Consequently, the next development direction is to reduce both spatial and temporal
complexity in the processing. This can be achieved by optimizing the algorithm, applying more
effective dimensionality reduction techniques, or employing parallel computing methods and
hardware optimizations.
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