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LOI CAM DOAN

T6i xin cam doan ddy 1a cong trinh nghién ctru cua riéng t6i, cac két qua nghién
ctru duoc trinh bay trong dé an 1a trung thuc, khach quan va chua timg dung dé bao vé
lay bat ky hoc vi nao.

Téi xin cam doan rang moi su giup do cho viéc thyuc hién dé an d3 duoc cam on,
cac thdng tin trich dan trong dé an nay déu duogc chi rd ngudn géc.

Ha Ngi, ngay thang nam 2024

Téc gia dé an

Hoang Thi Hwong



LOI CAM ON

Trong subt thoi gian hoc tap, nghién ciru va hoan thanh dé an, t6i da nhan dwoc sy
huéng dan, chi bao tan tinh cua cac thay cd gido, su giup d&, dong vién cua ban be, dong
nghiép va gia dinh.

Nhan dip hoan thanh dé &n, cho phép t6i duoc bay t6 long kinh trong va biét on
sau sac téi TS. Phan Thi Thu Hong va TS. Pham Quang Diing d3 tin tinh huéng dan,
danh nhiéu cong swc, thoi gian va tao diéu kién cho tdi trong sudt qua trinh hoc tap va
thuc hién dé tai.

T6i xin bay t6 1ong biét on chan thanh t6i Ban Giam déc, Ban Quan 1y do tao, Khoa
Cong nghé thdng tin - Hoc vién Nong nghiép Viét Nam, Bo mén Mang va hé théng thdng
tin da tan tinh giup d& tdi trong qua trinh hoc tap, thuc hién dé tai va hoan thanh dé an.

T6i xin chan thanh cam on tap thé 1anh dao, can bo vién chirc Trung tam nghién ciu
ong va nudi ong nhiét doi, Hoc vién Nong nghiép Viét Nam da giup d& va tao diéu kién cho
t6i trong suét qua trinh thyc hién dé tai.

Xin chan thanh cam on gia dinh, nguoi than, ban beé, ddng nghiép da tao moi diéu
kién thuan loi va giup dd tdi vé moi mit, dong vién khuyén khich t6i hoan thanh dé én.

T6i xin cam on, dé tai “Nghién ctu tng dung céng nghé cua céng nghiép 4.0 vao
quan ly san xuat san pham mat ong phuc vu xuat khau va tiéu dung trong nuéc”, s6 hiéu
dé tai KC-4.0-20/19-25 thudc chuong trinh Khoa hoc va Cong nghé trong diém cip nha
nuéc “Hb tro nghién ctu, phat trién va tng dung céng nghé cuaa cdng nghé 4.0”, ma sb
KC 4.0/19-25.

Mic di ¢6 nhiéu cb géng nhung do thoi gian ¢6 han va kién thac con han ché nén
khong tranh khoi nhiing sai sot. Vi vay, toi rat mong nhan duoc su gop y, huéng dan cia cac
thay b gido dé d& an ciia ti dugc hoan thién hon.

T6i xin chan thanh cam on!
Ha Noi, ngay 10 thang 01 nam 2024

Tac gia de an

Hoang Thi Hwong
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TRICH YEU LUAN VAN

Tén tac gia: Hoang Thi Huong
Tén Luan van: Nghién ciru cac ky thudt hec may ap dung cho bai todn nhdn deng
doi tweng dwa trén am thanh.
Nganh: Céng nghé Théng tin M4 s6: 8 48 02 01
Tén co sé dao tao: Hoc vién Nong nghiép Viét Nam
Muc dich nghién ctru
Tim hiéu mot s thuat toan trich chon dic trung am thanh, cac thuét toan hoc
may c6 giam sat va irng dung vao bai toan phat hién chia dan tu nhién ¢ ong.
Luan van di sau vao cac van dé chinh nhu:
> Tim hiéu vé dit liéu am thanh, dic trung 4m thanh
> Tim hiéu thuat toan trich chon dic trung 4m thanh: MFCCS (Mel-
frequency cepstral coefficients)
> Nghién cttu mot sé thuat todn hoc may co giam sat nhu: ciy quyét dinh,
may véc to hd trg (SVM), rirng ngau nhién (RF), mé hinh hdi quy logistic, k-
lang giéng gan nhat (k-NN).
> Ung dung vao bai toan phat hién chia dan tu nhién ¢ ong: Tién xu ly;
Trich chon dac trung; Phan 16p
Phwong phap nghién ctru
Luan van st dung cac phuong phdp nghién ciru nhu:
> Phuong phap 1y thuyét: Tham khao cac tai liéu da duoc cong b
vé xur ly tin hiéu am thanh, cac thuat toan hoc may co ban, cac phuong
phép lua chon dic trung.
> Phuong phap tham khao y kién: Tham khao y kién cua giéo vién
huéng dan.
> Phuong phap thyc nghiém: Cai dat kiém thir mot sé thuat toén
hoc may cho bai toan nhan dang di twong sir dung am thanh
> Phuong phap danh gia va ddi sanh: Nhan xét, danh gia, so sanh
cac két qua thuc nghiém.
Két qua chinh va két luan
Sau khi thyc hién sau luan vin nay, tdi da co cai nhin tong quan vé dit liéu am
thanh, dic trung 4m thanh, tim hiéu vé bai toan phan 16p. Pong thoi luan vin ciing
nghién ctru cac thuat toan hoc may &p dung cho bai toan phan 16p dién hinh nhu cay
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quyét dinh, rieng ngau nhién, may hoc vector hd tro hdi quy logistic, va k- lang giéng
gan nhat.

Bén canh do, luan van cling tim hiéu, nghién cuu giai thuat lya chon dac trung
MFCC. Sau d6 t6i 4p dung vao bai toan nhan dang ddi tuong dya trén am thanh. Cy thé
dbi tuogng trong nghién cau nay 1a dix liéu &m thanh vé chia dan tu nhién ¢ ong va tinh
trang thiéu chla cua ong. B dit liéu 4m thanh nay dwoc thu tai Trung tm nghién ctu
ong va nudi ong nhiét doi, Hoc vién Nong nghiép Viét Nam.

Ngoai ra, nghién ctru nay ciing xét cac kich ban 1a chi 1y 13 dic trung MFCC
dau tién cua cac file am thanh; kich ban nita 1a liy 13 dic trung dau tién va 13 dao ham
cAp mot caa chung 1 26 dic trung MFCC cua cac tép am thanh va kich ban thi 3 13
ldy 39 dic trung am thanh. Cac kich ban duoc thuc hién bén truong hop lay dai dién
cho mdi dic trung MFCC 1a: 1y phan tir dau tién caa M (day chinh 1a truong hop mic
dinh khi xac dinh MFCC trong thu vién librosa cho tap cac tép &m thanh), liy phan tu
nhé nhat (min) trén véc to M, lay phan tir 16n nhat (max) caa M, ldy gia tri trung binh
(mean) cua véc to M.

Két qua chi ra truong hop lay gié tri trung binh 1am phan ti dai dién cho mdi
dic trung MFCC trén cac file &m thanh cho két qua tét nhat. Do chinh x4c dat trén
99.7%. Chung toi dé nghi mé hinh hdi quy logistic véi 26 dic trung MFCCs va lay dai
dién 1a phan tir trung binh dé phan 16p cho dit liéu ndy. Két qua nay ciing 1a mot su goi
y cho viéc Iéy dai dién cho mdi dic trung MFCC cho trich chon dic trung trong viéc
phan loai am thanh, cu thé & day 1a 4m thanh ong.

Bén canh d6, luan vin ciing con mot s6 han ché nhu sau:

+ Chua thir nghiém duoc véi cac dic trung cu thé cua cac file 4m thanh nhu:
trong tdm caa phd, do rong cua phd, ning lwong tin hiéu trung binh cua file am
thanh,...

+ Chua chay dwoc nhiéu mé hinh phan Iép khac nhu cic mé hinh hoc su:
CNN, RNN, ANN.

+ Chua thuc hién duoc chuyén &m thanh sang phé hinh anh dé chay cac mo
hinh no-ron. Trong khi chay cac file anh méi 1a thé manh cua cac mang no-ron.

Trong twong lai, chung toi s& tim hiéu thém cac phuong phap trich chon dic
trung khac nhu moé hinh phan 16p khac nhu cac mo hinh hoc sdu: CNN, RNN, ANN va
thuc hién thir nghiém véi cac dac trung cu thé cua cac file 4m thanh nhu: trong tdm cua
phd, d6 rong cua phd, ning lugng tin hiéu trung binh cua file am thanh,...Tim hiéu thém
viéc thuc hién duoc chuyén &m thanh sang phé hinh anh dé chay cac mé hinh no-ron.



THESIS ABSTRACT

Master candidate: Hoang Thi Huong

Thesis title: Research machine learning techniques applied to sound-based object
recognition problems.

Major: Information Technology Code: 848 02 01
Education organization: Vietnam National University of Agriculture
Research Objectives

Learn some sound feature extraction algorithms, supervised machine learning
algorithms and apply them to the problem of detecting natural swarming in bees.

The thesis delves into the followings:

» Learn about audio data and audio characteristics

» Learn the audio feature extraction algorithm: MFCCS (Mel-frequency
cepstral coefficients)

» Research some supervised machine learning algorithms such as: decision
trees, support vector machines (SVM), random forests (RF), logistic regression
models, k-nearest neighbors (k-NN).

» Application to the problem of detecting natural swarming in bees:
Preprocessing; Feature extraction; Classification

Materials and Methods

The thesis uses research methods such as

» Theoretical methods: Refer to published documents on audio signal
processing, basic machine learning algorithms, and feature selection methods.
» Consultation method: Consult with instructors.
» Experimental method: Setting up and testing some machine learning
algorithms for the problem of object recognition using sound
» Evaluation and comparison method: Comment, evaluate, compare
experimental results.
Main results and conclusions
After completing this thesis, | have learned an overview of audio data, audio
characteristics, and learned about the classification problem. At the same time, the thesis
also researches machine learning algorithms applied to typical classification problems
such as decision trees, random forests, logistic regression support vector machines, and k-
nearest neighbors.

- Besides, the thesis also explores and researches the MFCC feature
selection algorithm. Then | applied it to the problem of object recognition based



on sound. Specifically, the object in this study is acoustic data on natural
swarming in bees and the lack of a queen in bees. This sound data set was
collected at the Center for Bee Research and Tropical Beekeeping, Vietnam
National University of Agriculture.

- In addition, this study also considers the scenario of only taking the first
13 MFCC features of audio files; Another scenario is to take the first 13 features
and their 13 first derivatives as 26 MFCC features of the audio files and the third
scenario is to get 39 audio features. The scenarios that implement the four cases
that represent each MFCC feature are: get the first element of M (this is the
default case when defining MFCC in the librosa library for a set of audio files),
Get the smallest element (min) on vector M, get the largest element (max) of M,
get the average value (mean) of vector M.

- The results show that taking the average value as the representative
element for each MFCC feature on audio files gives the best results. Accuracy
reaches over 99.7%. We propose a logistic regression model with 26 MFCCs
features and take the average element as representative to classify this data. This
result is also a suggestion for taking a representative for each MFCC feature for
feature extraction in sound classification, specifically here the bee sound.

Besides, the thesis also has some limitations as follows:

+ Not tested with specific characteristics of audio files such as: center of spectrum,
width of spectrum, average signal energy of audio files...

+ Can’t run many other classification models such as deep learning models: CNN,
RNN, ANN.

+ It has not been possible to convert audio to the image spectrum to run neural
models. While running image files is the strength of neural networks.

In the future, I will study more about other feature extraction methods such as
other classification models such as deep learning models: CNN, RNN, ANN and perform
experiments with specific features of the files. sound such as: the center of the spectrum,
the width of the spectrum, the average signal energy of the audio files...Study more about
implementing audio-to-visual spectroscopy to run neural models.
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PHAN 1. MO DAU

1.1. TINH CAP THIET CUA PE TAI
1.1.1. Y nghia khoa hoc

Trong nhitng nim gan day, cac phuong phéap may hoc (ML) da duoc ap
dung rong réi vao nhiéu linh vuc khac nhau va tao nén nhitng tién bo dang ké
trong cac hé thong du bao, giam sat... Cac hé théng nay cung cip cac giai phap
hiéu qua vé chi phi véi hiéu suit cao. Trong céc ¢ng dung giam sat dya vao di
liéu &m thanh cac mé hinh ML duoc xay dung dua trén dir liéu (data driven) do
d6 c6 kha nang phan anh chinh x4c hon cac quan hé gitra cac bién du bao
(attributes/features) va cac su kién (target variable). Diéu nay cho phép hé théng
dua ra dugc nhitng canh bao kip thoi d&én nguoi st dung.

Y nghia khoa hoc cua dé an:

- Tim hiéu dugc phuong phép trich xuat dic trung am thanh phd bién 1a
hé s tan s6 quang phd Mel (MFCC), ang dung cho dit liéu nhan dang &m thanh.

- Xay dyng cac kich ban lay dic trung 4m thanh trén MFCCs.

- Tim hiéu va ang dung cac md hinh hoc may cé gidm sat va ung dung
cho bai toan nhan dang di twong dua trén am thanh.
1.1.2. Y nghia thuc tién

Trong nganh ndng nghiép, ong mat (tén khoa hoc Apis mellifera) duwoc coi
la mét trong nhitng loai con tring quan trong nhat. Ching ta c6 thé d& dang dé
cap dén nhiéu dong gop tuyét voi ciia ong mat trong nhiéu linh vuc nhu y té, kinh
té va cong nghiép néng nghiép. Pay 1a loai con tring cuc ky c6 gia tri nay va la
nhan té chinh trong qua trinh thu phan cua cay. Khoang 73% cay trong trén thé
gigi phu thugc vao nhitng loai ong nay. Gidm sat sic khoe dan ong dong vai tro
then chét trong qua trinh nudi ong. Trong thuc té, cong viéc nay thuong duoc
thuc hién bang phuong phap tha cong. Tuy nhién, phuong phéap truyén théng dan
dén nhiéu yéu té khién viéc kiém tra khéng dat hiéu qua cao vi phuong phép nay
tén nhiéu thoi gian va phu thudc chu yéu vao kinh nghiém va kién thac cua
nguoi nudi ong. Do do, cac phuong phap dua trén cong nghé hién dai (ML - 10T)
dugc khuyén khich véi hy vong giam tac dong xau dén dan ong, tiét kiém thoi
gian va dua ra nhitng canh bao kip thoi cho nguoi nudi ong ma khong can kiém



tra xam lan t6 ong. Nhiém vu co ban dau tién cua bat ky cong nghé giam sat to
ong dua trén am thanh nao la nhan ra @m thanh caa ong va phan biét chung vai
am thanh khong phai caa ong c6 thé thu dugc. Cac am thanh khdng phai cua ong
thuong lién quan dén méi trudng va cac su kién xay ra trong méi trudng xung
quanh t6 ong nhu 4m thanh d6 thi, mua hoic cac dong vat khac nhu tiéng dé.

Mot khi hé théng khdng phan biét dugc &m thanh caa ong véi nhitng am
thanh khong phai cua ong, tit ca cac cong viéc lién quan dén phan tich di liu
cho cac van dé cu thé sau d6 ciing sé that bai.

Bai toan chia dan tw nhién ¢ ong: Ong chia dan tu nhién la hién tugng
ong chua cii va khoang % sé quan bay di hinh thanh mét t6 méi. Pan & lai goi 1a
dan gbc s& do ong chiia méi diéu phéi dan ong. Pay 1 hinh thirc sinh san cua loai
ong. Hién twong chia dan ty nhién s& 1am giam ning sut mat. Vi vy, nguoi nudi
ong can biét biéu hién cia dan ong sip chia dan, tir d6 c6 cach phong sb lwong
cua mat ong giam dan dén thiét hai kinh té cho nguoi nudi ong. Mot sé hién
tuong cua ong chia dan cd thé khong dugc nhan ra boi nhitng nguodi méi nudi
ong chua c6 nhiéu kinh nghiém. Hon nita, nguoi nudi ong ciing khéng thé theo
ddi lién tuc cac to ong dé phét hién kip thoi cac van dé lién quan dén tinh trang
dan ong mat bang phuong phéap thi cong nay. Viéc thao d&, mé nap thing ong,
nhic cau ong dé kiém tra bén trong tao ra su cing thang, hoang so & ong, hoic
tham chi lam gian doan vong doi cua dan ong. Chinh céc yéu t6 nay 1a dong luc
dé tim ra cac phwong phap dua trén céng nghé hién dai dé giam bt nhitng nhuoc
diém cua phuong phap truyén théng trong viéc theo ddi dan ong. Y tuéng chung
ctia cach tiép can mai nay 1a sir dung mot hé théng thiét bi dién tir gdn vao mdi to
ong dé thu thap dit liéu. Dit liéu thu thap dugc sau d6 duoc phan tich va xu 1y dé
thu dugc thdng tin quan trong cho phép ngudi nudi ong theo ddi to ong tir xa ma
khong 1am anh huong dén cac dan ong mat (Du & cs., 2020). Trong sé cac loai
dir liéu duogc thu thap tir cac dan ong, am thanh do dan ong phat ra (tiéng ong)
dong mot vai tro quan trong trong viéc giam sét to ong ty dong (Ferrari va cong
su, 2008). Piéu nay la do tiéng vo ve ciia ong mang thdng tin vé hanh vi cua dan
ong. Mic du nhitng ngudi nudi ong ¢6 kinh nghiém cé thé nhan biét duoc nhing
thay doi vé 4m thanh do céc dan ong bi cang thang tao ra, nhung khong phai lic
nao ho ciing c6 thé xac dinh duwoc nguyén nhan chinh xac cua nhiing thay doi do
ma khong can kiém tra t6 ong. Do d6, cic phuong phap dua trén cong nghé hién
dai (Al - IoT) dugc khuyén khich vai hy vong giam tic dong xau dén dan ong,



tiét kiém thoi gian va dwa ra nhitng canh bao kip thoi cho ngudi nudi ong ma
khong can kiém tra xam lan t6 ong, c6 kha ning phat hién viéc chia dan & ong
mat. Ta c6 thé nhan biét viéc chia dan ty nhién & ong va su hién dién cua ong
chua dya vao nhan biét &m thanh (Cejrowski & cs., 2018).

Bai toan nhan dang &m thanh: Gan day, cac phuong phap hoc may (ML)
ndi 1én nhu mot cdng cu manh mé& va c6 nhitng déng gop to 16n cho cac hé théng
giam sat to ong ty dong véi chi phi thap va hiéu suét tét hon. Cac hé théng nay
cung cap cac giai phap hiéu qua vé chi phi véi hiéu suat cao. Trong cac ung dung
gidm sat dua vao dir liéu 4m thanh cac md hinh ML dugc xay dung dya trén dir
liéu (data driven) do d6 c6 kha nang phan anh chinh xac hon cac quan hé gitra cac
bién du bao (attributes/features) va cac su Kién (target variable). Piéu nay cho
phép hé théng dua ra dugc nhitng canh bao kip thoi dén nguoi sir dung. T dir ligu
am thanh dau vao 13 cac file am thanh (dinh dang wav, ...) sir dung cac phuong
phép trich chon dic trung dé chuyén vé dang s6 (Nguyén Thé Cuong & cs., 2023).
Sau d6 st dung cac phuwong phap hoc may dé phan I6p cac tap tin am thanh nay
(Thai Thuan Thuong, 2021). Bang céch phan tich dix liéu duoc thu thap tir t6 ong,
c4c thuat todn ML c6 thé giai quyét mot sé van dé quan trong trong viéc giam sat
c4c to ong nhu phat hién soém hién twong chia dan, xac dinh sy c6 mit cua ong
chiia trong dan hay nhan biét cac bénh ¢ ong (Phan &cs., 2023).

Trong nganh néng nghiép, ong mat dugc coi la mot trong nhirng loai cén
triing quan trong nhat. Pay 1a loai con trung cuc Ky c6 gia tri va 1a nhan t chinh
trong qua trinh thu phan cua cay (Nguyén Thi Tuyét Nhung, 2014). Giam sét strc
khoe dan ong dong vai trd then chdt trong qua trinh nudi ong. Trong thuc té,
cong viéc nay thuong dugc thyc hién bang phuong phéap thu cong. Tuy nhién,
phuong phap truyén théng dan dén nhiéu yéu té khién viéc kiém tra khong dat
hiéu qua cao vi phuwong phap nay ton nhiéu thoi gian va phy thudc cha yéu vao
kinh nghiém va kién thirc caa ngudi nudi ong.

Trén thé gidi, da co nhiéu nghién ciru xay dung cac tng dung va cac hé
théng giam sat theo ddi giam sat sirc khoe dan ong str dung dit liéu am thanh ong,
tuy nhién nhirng nghién ciru ndy con rat han ché & Viét Nam. Déi voi bai toan
chia dan tu nhién, sau buéc thu thap dir liéu va gan nhan chinh xac, chdng ta can
chuyén dbi dit liéu &m thanh thanh dinh dang phi hop cho viéc dau vao cia mo
hinh hoc may. Budc tiép theo can lra chon duoc md hinh pht hop cho véi bai
toan.



Cau hoi nghién ctru dit ra 1a; T dit liéu 4m thanh thu duoc, can rat trich
dic trung Am thanh nhu thé nao dé:

+ Phan 16p cac dbi twong vao hai Iép ddi tugng chia dan va khong chia
dan hiéu qua (thé hién qua céc chi s6 danh gia khac nhau nhu do chinh xac,
Precision hay Recall).

+ MO0 hinh phéan I6p nao phu hop cho bai toan chia dan tu nhién vai bo dir
liéu @m thanh ong thu thap ¢ Viét Nam.

+ Thoi gian tinh toan chap nhan duoc.

Tra 101 dugc cac cau hoi trén s& rat co y nghia thuc té khi 4p dung cac md
hinh hoc may cho bai toan nhan dang dbi twong dua trén am thanh, cu thé 1a phat
hién hién tuong chia dan ¢ loai ong mat.

Vi vay, duéi sy huéng dan caa TS. Phan Thi Thu Hong va TS. Pham
Quang Diing, tdi lya chon dé tai “Nghién ceu cac ky thuat hoc may 4p dung
cho bai toan nhan dang déi twong dwa trén &m thanh” 1am dé tai nghién ctu
cho luan van thac si cuaa minh.

1.2. CO SO KHOA HQC

Co s& khoa hoc duoc dit ra dé tra 1oi cau hoi trén 1a tir dir liéu thd ban
dau, chaing ta can bién doi, trich xuat céc théng tin thich hop véi dau vao cua md
hinh hoc may. O nghién ciu nay ching ti ap dung thuat toan trich xuat dic
trung pho bién 1a hé sb tan sé quang phd Mel (MFCCs: Mel-frequency cepstral
coefficients).

O day c6 van dé duoc dit ra 13, trong viéc trich xuét dic trung MFCCs cua C4c
tép am thanh thi cac dic trung nay thudng duoc lay 12 gia tri cua khung hinh
(frame) dau tién caa mdi dic trung MFCC truot trén mdi doan am thanh (ta goi
day 1a treong hop mic dinh). Trong khi d6 thi c6 nhiéu khung hinh truot trén cac
doan am thanh nay (cac khung hinh nay cé thé chong lan 18n nhau) vay viéc liy
gia tri cua khung hinh dau tién d6 c6 dam bao cho phwong phap trich xuét dic
trung MFCC c6 thé phan 16p vé6i do chinh xac cao nhat khéng? Vi vy ching toi
xem xét cac truong hop lay phan ti dai dién cia MFCC dua trén c4c gié trj caa
khung hinh truot trén mdi doan am thanh, cu thé 1a: truong hop mic dinh nhu noi
& trén, trudng hop 14y gia tri nho nhét trén tat ca cac khung hinh, truong hop lay
gia tri Ion nhat trén tat ca cac khung hinh, va cudi cung 1a truong hop lay gia tri
trung binh trén tat ca cac khung hinh dé thuc hién cai dat trén céc kich ban lay sb



lugong dac trung khac nhau. Sau d6 ching t6i thuc hién chay thir nghiém phan 16p
trén bo dir liéu am thanh phat hién nhan dang ong chia dan (swarmming) véi cac
md hinh hoc may kinh dién (nhu ciy quyét dinh, rirng ngau nhién, mé hinh hdi
quy logistic, k-lang giéng gan nhat, may véc to hd trg) dé xem xét nghién cau
trong dé an nay.
1.3. MUC TIEU NGHIEN CcUU
1.3.1. Muc tiéu téng quét

Tim hiéu mot sé thuat toan trich chon dic trung 4m thanh, cac thuat toén
hoc may cé giam sat va (rng dung vao bai toan phat hién chia dan tu nhién ¢ ong.
1.3.2. Muc tiéu cu thé

- Tim hiéu vé dir liéu 4m thanh, dic trung Am thanh

- Tim hiéu thuat toan trich chon dic trung 4m thanh: MFCCS (Mel-
frequency cepstral coefficients)

- Nghién citu mét sb thuat toan hoc may cd giam st nhu: cay quyét dinh,
may véc to hd trg (SVM), ring ngau nhién (RF), md hinh hdi quy logistic, k-
lang giéng gan nhat (k-NN).

- Ung dung vao bai toan phét hién chia dan ty nhién & ong: Tién xir Iy;
Trich chon déc trung; Phan 16p.
1.4. POI TUQNG VA PHAM VI NGHIEN CUU
1.4.1. Péi tweng nghién ciru

- Dt liéu am thanh.

- Céc thuat toan hoc may c6 giam sat.

- Cac phuong phép trich chon dac trung &m thanh.
1.4.2. Pham vi nghién ctru

- Nghién ctru mét s6 ki thuat hoc may ap dung cho bai toan nhan dang d6i
tuong dua trén am thanh

- Ung dung vao bai toan phat hién chia dan tu nhién ¢ ong: Tién xi ly;
Trich chon déc trung; Phan 16p™.



PHAN 2. TONG QUAN TAI LIEU

2.1. TINH HINH NGHIEN CUU TRONG NUOC

Viéc nghién ciru nhan dang am thanh va trng dung vao trong cac bai toan
thuc tién c6 nhiéu y nghia quan trong va thu hat cac nha nghién ciru quan tam va
tién hanh. Ching ta cd thé ké ra mot sd két qua nghién ciu cia mot sé tac gia.
Nam 2021, tac gia Thai Thuan Thuong (2021) da nghién ctu st dung mang no-
ron tich chap dé nghién ciu nhan dang tiéng noi diéu khién. Ciing nam 2021 nay,
Hoang Thi Thanh Giang d3 str dung phuong phép hoc may Deep Boltzmann dé
nhan dang giong chit céi tiéng Viét (Hoang Thi Thanh Giang & cs., 2021).

Nam 2022, Nguyén Chi Ngon & cs. (2022) di khao sat ki thuat hoc sau
trén bai toan chan doan hu hong dong co dién dua trén tiéng 6n van hanh. Cac
thuat toan hoc may (ML) duoc huan luyén dua trén viéc nhiing dang dix liéu am
thanh thanh mot ma tran hodc véc-to (trich xuat dic trung) dé dua vao cac thuét
toan hoc may. Ciing trong nam 2022, Phan Thi Thu Héng & cs. (2022) da thuc
hién so sanh hiéu suat cua cac thuat toan hoc may khac nhau sir dung nim giai
thuat trich xuét dic trung am thanh khac nhau. Bang thoi, nhom tac gia ciing so
sanh két qua thi nghiém caa ho véi két qua tir nghién ctu trude do trong tai liéu.
Két qua thu duoc cho thiy bing céch chon ding phuong phap trich xuét cac dic
diém quan trong, hiéu suat cua phuong phap ML trong phan loai &m thanh cua
ong c6 thé dugc cai thién dang ké (Phan &cs., 2022).

Nam 2023, céc tac gia Nguyén Thé Cuong & cs. (2023) di dé cap dén céc
co s¢ toan hoc va phuong phap MFCCs (Mel-Frequency Cepstral Coefficients)
nham trich xut cac dic trung cua di liéu dang am thanh (Nguyén Thé Cuong &
cs., 2023). Nam 2023, Phan Thi Thu Hong & cs. (2023) di ap dung mot ky thuat
tién tién dé diéu chinh céc siéu tham sé cia cac mé hinh hoc may va diéu tra cac
tinh nang hé sé cepstral tin sé6 Mel (MFCC) m¢i. M6 hinh nay di cai thién dang
ké do chinh xac cua cac md hinh hoc may trong viéc nhan dang va phan loai
tiéng ong vo ve khoi céc tiéng on xung quanh khac, khién ching tham chi con tét
hon mét s6 thuat toan hoc sau (Phan va cs., 2023).

2.2. TINH HINH NGHIEN CUU NGOAI NUOC

Nhitng nim gan day, voi su phat trién manh mé cua cong nghé 4.0 trong
d6 cong nghé ToT da gitp thu thap nhiéu dit liéu giam sat tinh trang dan ong. Do
d6, nhu cau phan tich nang cao dir liéu t6 ong va céc dir liéu khac lién quan dén



ong sur dung cac phuong phap hoc may ngay cang dugc quan tdm (Dimitrijevic¢
& Zogovi¢, 2022). Dimitrijevi¢, S., & Zogovi¢ da chi ra cac truong hop tng
dung phd bién nhit c6 lién quan dén danh gia/xac thuc chat lugng san pham ong
va nhan dang/du doan céc diéu kién cua té ong. Bé dat duogc muc dich nay, hoc
cd gidm sat, cu thé hon 1a phan loai, di duoc sir dung cha yéu. Cac thuat toan
dugc sir dung thuong xuyén nhat 1a Rung ngau nhién (RF), May vecto hd tro
(SVM), hdi qui logistic (Thiele & cs, 2023) va Mang no ron nhan tao (ANN).
Hon nira, nhiéu loai dir liéu duoc ding lam dau vao cho cac md hinh bao gom
hinh anh, &m thanh, di liéu tir cam bién t6 ong, dir liéu khi tuong, dir liéu quang
phd trén cac mau mat ong, v.v. Viéc nghién ctu cac mé hinh hoc may ang dung
cho nhan dang dit liéu 4am thanh duoc nhiéu nha nghién cau quan tdm va phat
trién (Amlathe, 2018; Das & cs., 2022)... Cong nghé tri tu¢ nhan tao (Al), dic
biét 12 hoc may, da dua ra nhitng cach giai quyét cac van dé vé phan tich dit liéu
t6 ong I6n va phan tich nang cao cua nhiéu dir liéu khac lién quan dén ong nhu
dir liéu vé doc tinh caa thude trir shu ddi vai ong mat hoac dix liéu quang pho trén
c&c mau mat ong dé xac thuc mat ong (Dimitrijevi¢ & Zogovié, 2022).

Niam 2019, Cao & cs. (2019) d3 nghién ciru nhan dang tiéng 6n d6 thi Voi
mang no-ron tich chap. Nam 2020, Ashar & cs. (2020) da dé xuat mot kién trac
méi duoc dé xuat st dung mang than kinh tich chap (CNN) va hé sb cepstral tan
s6 Mel (MFCC) dé xac dinh ngudi noi trong moi trudng 6n ao (Ashar & cs.,
2020). O day, Ashar & cs., 2020 sir dung 39 dic trung MFCC va CNN dé xéc
dinh giong nguoi néi trong méi trueong on a0 véi do chinh xac dat 87.5% (Ashar
& cs., 2020). Céc tac gia nay khong chi rd cach xac dinh 39 dac trung nay nhu
thé ndo. Ciing trong nim 2020, Ramsey & cs. (2020) chi ra mot phuong phap
khong xam lan dé theo ddi va du doan qua trinh sinh trudng cua cac dan ong mat
bang céch sir dung thong tin am thanh quang phd rung dong. Nhoém tac gia da ap
dung hai thuat toan phan tich thanh phan chinh (Principal Component Analysis)
va phan tich ham phan biét (Discriminant Function Analysis) dé du doan sy chia
dan, dwa trén dir liéu rung dong duoc ghi lai bang gia toc ké dat trong tam to ong
mat dé phan biét thanh cong gitta cac dan chuan bj va khdng chia dan véi do
chinh xéac cao, trén 90% cho moi phuong phap, v6i kha ning du doan chia dan
thanh coéng lén dén 30 ngay truéc khi dién ra sy kién (Ramsey & cs., 2020).
Trong nghién ctu ndy cac tac gia ciing xac dinh nghién ciu cta ho véi hai chién
lwge khac nhau 1a: phan biét gitra quang pho tic thoi (Discrimination between



Instantaneous Spectra) va phan biét gitra cac quang phd tién hoa (Discrimination
between Spectral Evolutions). Két qua caa ho chi ra chién lugc tha nhat co do
chinh x4c va d6 6n dinh cao hon véi céc dir liéu lay trong cac diéu kién khéc
nhau (Ramsey & cs., 2020). Diéu nay goi y cho ching tdi thdy can nghién ctu
thuat todn véi cac kich ban khac nhau dé xac dinh dugc cac kich ban nao cho két
qua tét hon.

Niam 2021, Voudiotis & cs. (2021) da trinh bay mot hé thong giam st tinh
trang cua ong dugc két hop véi quy trinh hoc sau dé phat hién sy chia dan cua
dan ong. Hé théng nay bao gém kha nang thu thap hinh anh dé s dung va céc
phuong phap tiép can nat cudi khac nhau cho co ché tai chd hoidc dwa trén dam
may. Hé thdng nay ciing két hop cong cu CNN théng minh maéi ¢ tén Swarm-
engine dé phat hién ong va dua ra théng bao vé cac truong hop c6 thé chia dan &
ong cho nguoi nudi ong (Voudiotis & cs., 2021).

Nam 2022, cac tac gia Dimitrios & cs. (2022) trinh bay kich ban thu
nghiém cua ho vé viéc thu thap dit liéu &m thanh cua cé4c sy chia dan va khong
chia dan. Ho st dung anh phd mel (128x128 pixel) két hop véi cac phuong phap
phan loai k-NN va SVM ciing nhu thuat todn CNN dé danh gia két qua tir tap di
liu gom c6 2788 ddi tuong co nhan khong chia dan va 1435 ddi twong cd nhan
chia dan vai ti 16 huan luyén (80%) va kiém tra (20%). Cudi clng, cac tac gia so
sanh ba phuong phap ndy va trinh bay két qua so sanh chéo ciia phuong phap tbi
wu dé phat hién sém va muon gan su kién cua hién tuong chia dan. Trong nghién
ctru d6, cAc tac gia chi ra phuong phap SVM cho két qua 6n dinh nhat véi cac kich
ban phat hién trude khi chia dan muoi ngay (phat hién soém) dat 90% va phat hién
trude khi chia dan nam ngay (phat hién muon) 1a 97%, vai K-NN ti 1€ twong ung la
85% va 98%, con CNN dat ti I¢ 89% va 95% (Dimitrios & cs., 2022).

Cac nghién ctu nhu trén chwa dugc ap dung cho dit liéu vé chia dan cua
ong ¢ Viét Nam. Cho nén trong viéc nghién ctiru cdc mo hinh hoc may ap dung
cho bai toan nhan dang dbi twong duwa trén &m thanh cua ong la viéc c6 y nghia
va can thiét. Do d6, nhu muc 1.1 & trén da dé cap dén, luan vin nay nghién ctu
cac ky thuat hoc may &p dung cho bai todn nhan dang ddi twong dua trén am
thanh. Hon nira cdc md hinh hoc may trén thé gii khdng co néi rd viéc lay cac
dai dién dic trung MFCC nhu thé ndo? Luin vin nay trinh by rd hon cach ldy
cac dac trung voi dai dién tung ung la gia tri trung binh (mean), gia tri mac dinh
(BT), gia tri nho nhit (min), va gia tri 16n nhat (max) cho 3 kich ban 13 dic trung



MFCCs, 26 dic trung MFCCs va 39 dic trung MFCCs. Nhiing diéu nay s& duoc
trinh bay r6 trong phan két qua cua luan vin nay. Hon nita két qua caa nhém tac
gia Dimitrios & cs. (2022) cho thiy cac phuong phap hoc may truyén théng nhu
SVM va k-NN cho két qua tét hon két qua chay CNN. Do d6 trong lun vin nay,
ching tdi nghién ctu nhan dang dbi teong dua trén am thanh (cu thé 1a phat hién
chia dan & loai ong dya trén am thanh ong) bang céach két hop phuong phap trich
chon dic trung MECC va cac md hinh hoc may truyén thong nhu cay quyét dinh,
ring ngau nhién, k-1ang giéng, SVM va hdi quy logistic (LR).

Bén canh d6, cac nghién ctu trudc day da chuang minh hiéu qua cua
MFCC (Mel-Frequency Cepstral Coefficients) trong viéc phan loai va nhan dang
c4c hién tugng sir dung &m thanh thu thap trong t6 ong. Do d6, nghién ciru nay
tap trung vao viéc sir dung MFCC cho bai toan nhan dang ong chia dan tai Viét
Nam. MFCC d3 duoc chitng minh 1a c6 kha ning trich xuat cac dic trung Am
thanh hiéu qua, dic biét 1a d6i vai cac tin hiéu am thanh phic tap nhu tiéng ong.
MFCC c6 kha ning chdng nhidu tbt, gilp cai thién d6 chinh xac cua viéc phan
loai ong. MFCC c6 thé duoc tinh toan hiéu qua, giup giam thiéu thoi gian xi ly
cho bai toan chia dan.



PHAN 3. PHUONG PHAP NGHIEN CUU VA XU LY SO LIEU

3.1. PIA PIEM NGHIEN CUU

Khoa Cong nghé thong tin — Hoc vién Nong nghiép Viét Nam.
3.2. THOI GIAN NGHIEN CUU

Théang 8/2023 dén 2/2024.
3.3. POI TUQNG, PHAM VI NGHIEN CUU

* Poi twgng nghién ciu: Mot s6 phuong phép trich chon dic trung 4m
thanh va mo hinh hoc may trng dung cho bai toan phan I6p nhan dang am thanh.

* Pham vi nghién cieu: Ung dung cac phuong phap trich chon dic trung
am thanh va mé hinh hoc may cho bai toan phan 16p dix liéu nhan dang ddi tuong
dua trén am thanh &p dung vao bai toan chia dan ¢ ong.
3.4.NOI DUNG NGHIEN CUU

N@i dung 1: Tim hiéu vé dit liéu am thanh, dic trung am thanh. Tim hiéu
mot s6 thuat toan trich chon dic trung Am thanh.

N@i dung 2: Nghién ctru mét sé thuat toan hoc may cé giam sat.

Néi dung 3: Ung dung vao bai toan phat hién chia dan ty nhién & ong:
Tién xir ly; Trich chon dic trung; Phan 16p va cai dat cac thuat toan.
3.5. PHUONG PHAP NGHIEN CUU

- Phuong phap 1y thuyét: Tham khao céc tai liéu da duoc cong b vé xu ly
tin hiéu @m thanh, cac thuat toan hoc may co ban, cac phuong phap lua chon dac
trung.

- Phuong phép tham khao y kién: Tham khao y kién ciia gido vién hudng
dan.

- Phuong phap thuc nghiém: Cai dat kiém thir mot s6 thuat toan hoc may
cho bai toan nhan dang d6i twong st dung am thanh

- Phuong phap dénh gia va d6i sanh: Nhan xét, danh gia, so sanh céc két
qua thuc nghiém.
3.6. THU THAP VA XU LY SO LIEU
3.6.1. Thu thap dir li¢u

Dit liéu ong duogc thu thap tir nhiéu trung tm nudi ong ¢ Viét Nam nhu
Trung tdm nghién ctu ong va nudi ong nhiét doi (Hoc vién Néng nghiép Viét
Nam), trung tdm nudi ong & mot sé noi khac nhu ¢ Bac Giang, ¢ Pic Lic (Viét

10



Nam). Riéng dit liéu ong chia dan phai nhd cac chuyén gia vé ong thuc hién. Ho
kiém tra ong khi thdy du hiéu chia dan thi ho dung cac thiét bj hd tro nhu cac
may thu chuyén dung. Hién twong ong chia dan 14 hién ty nhién va khdng biét
truéc néu khong thuong xuyén kiém tra té ong dinh ki. Cac chuyén gia kiém tra
ong tap trung dong, ¢ cac hién twong bay ra bay vao nhiéu thi ho kiém tra té ong
khi c6 dau hiéu chia dan thi thu thap dir liéu chia dan.

3.6.2. Xir li dir liéu &m thanh ong

Tur dir liéu di duogc thu thap, tién xu 1i trich chon dic trung 4m thanh va
cai dat mot sé thuat toan phan 16p tng dung vao bai toan phat hién chia dan tu
nhién ¢ ong theo ting cong doan:

+ Loc nhidu: chuyén gia nhan dinh d¢ 14 tiéng ong hay nhiéu hoic sir dung
cac phuong phap nhan biét thdng qua tan sb thé hién &m thanh ong. Tir d6 ta thu
duogc dir liéu am thanh ong.

+ Cit cac file 4m thanh dai thanh cic doan &m thanh ngan (céc file.wav)
dé phuc vu cho trich chon dic trung 4m thanh. O day cac file 4m thanh thu duoc
tir cAc may thu &m thanh theo cc may vao céc thoi diém khac nhau (Hinh 3.1).

Cao hoc_Huong » Data_ocng_Heong_gui » Swamming * Swamming @

Ea

Mame Date modified Type
Chiadanfcaul2042022 10/15/2023 1:35 PM File folder
M2Mgay2 1122022 10/15/2023 1:42 PM File folder
Mayl2Mgay260223 10/15/2023 1:41 PM File folder
May2Mgay241222 10/15/2023 1:39 PM File folder
May03Mgay260223 10/15/2023 1:46 PM File folder
May3IMgay211222 10/15/2023 1:42 PM File folder
May3IMgay251222 10/15/2023 1:43 PM File folder
MayldMgay211222 10/15/2023 1:46 PM File folder
MayldMgay2e0223 10/15/2023 1:49 PR File folder

Hinh 3.1. Dir ligu Am thanh ong thu dwoc theo thai gian
+ Tur cac tép am thanh file.wav thuc hién trich xuat dic trung am thanh
dua trén phuong phap hé sé quang phé tan sé6 Mel (MFCC) dé thu duoc file dit
ligu dang tép file.csv trong do6 cac cot 1a cac dac trung am thanh va dong tuong
ung la cac file.wav ¢ trén. Tép dir liéu file.csv ¢ trén dugc dua vao cac mo hinh
hoc may dé phan 16p.
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+ Li do chon MFCC la vi: dic trung MFCC tinh toan cac gia tri phd caa
tin hiéu &m thanh giéng véi mién tin sé ma tai ngudi c6 thé cam nhan duoc.
Phuong phép nay da duoc st dung rong réi trén thé gisi va co tinh hiéu qua cao.
MFCC di dugc chitng minh 12 ¢6 kha ning trich xuat cac dic trung 4m thanh
hiéu qua, dac biét 1a d6i véi cac tin hiéu am thanh phic tap nhu tiéng ong.
MFCC c6 kha ning chdng nhiéu tbt, giup cai thién d6 chinh xac cua viéc phan
loai ong. MFCC c¢6 thé duoc tinh toan hiéu qua, giup giam thiéu thai gian xir ly
cho bai toan chia dan ong. Cac nghién cuu truéc day da chung minh hiéu qua
cua MFCC (Mel Frequency Cepstral Coefficients) trong viéc phan loai va nhan
dang cac hién tuong st dung &m thanh thu thap trong té ong. Do d6, nghién ciru
nay tap trung vao viéc sir dung MFCC cho bai toan nhan dang ong chia dan tai
Viét Nam
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PHAN 4. KET QUA VA THAO LUAN

4.1. XU LI DU LIEU AM THANH
4.1.1. Tong quan vé xir ly dit liéu &m thanh

Tu dong nhan dang hoat dong cua cac d6i tuong st dung dit liéu &m thanh
gan day di nhan duoc sy quan tim dang ké nhu mot linh vuc nghién ciru day hta
hen trong linh vuc may hoc. Chan han trong linh vuc nudi ong, viéc phat hién céac
hién tuong cua dan ong nhu thiéu chda (non-queen) hoic chia dan (swarming)
clia ong ¢ ¥ nghia quan trong d6i voi ngudi nudi ong.

Hién nay cac nghién ctru lién quan dén nhan dang am thanh da duogc thyc
hién trén nhiéu huéng phat trién, muc tiéu khac nhau va dat hiéu qua cao. Co
nhiéu céng cu/ky thuat cong nghé di duoc ap dung nhiéu trong thuc té, nhan
dang va xir ly &m thanh. Hé théng nhan dang am thanh bao gdm hai buéc chinh:
budéc thir nhat 1 rat trich va biéu dién dic trung, budc thar hai 12 huan luyén mo
hinh may hoc nhan dang. Trong d6, rut trich va biéu dién dic trung tin hiéu am
thanh thudong duoc sir dung (1a hé sé phd quang tan sé thang Mel (MFCC: Mel-
scale Frequency Cepstral Coefficient), hé s6 du doan tuyén tinh Linear Prediction
coefficients), Bién doi Fourier nhanh (FFT: Fast Fourier Transform). Cac mo
hinh hoc méy c6 thé str dung 1a cac phuong phap may véc to hd tro (SVM), riing
ngau nhién, mang no-ron nhan tao (Ma Truong Thanh & cs, 2015).

4.1.2. Am thanh va biéu dién am thanh d6i véi hoc may
a. Am thanh

Am thanh thudng duogc dinh nghia 1a dé cap dén cam giéc thinh giac hoic
Su X40 tron trong moi treong gay ra cam giac thinh giac d6. La mot hién tugng
vat ly, & day, am thanh duoc hiéu cac séng bat nguon tir ddu d6 va sau d6 truyén
qua mot moi truong nao d6 dén mot noi khéc, noi ching c6 thé dugc nghe hoic
do duoc. Nhitng song am nhu vay truyén trong chét ran, chat 1ong va chat khi, va
ching c6 hai dang la doc va ngang.
b. Cac logi am thanh

Céc tin hi¢u am thanh nghe dugc dugc phan loai thanh am thanh giong noi,

am nhac va am thanh méi trudong.

- Lo1 noi: Loi né1 duoc tao ra boi con ngudi bang cach su dung két

hop cac co quan khac nhau nhu phéi, miéng, miii, bung va ndo. Thanh quan va
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day thanh am dong mot vai trd quan trong trong viéc tao ra 101 n6i. Qua trinh
tao giong noéi bat dau & tan s6 100 Hz va cé thé 1én dén tan sé 17 kHZ
(Nguyén Thi Thu, 2022).

- Am nhac: Am thanh do nhac cu hodc con nguoi tao ra dé tao ra su hai
hoa va thé hién cam xtc. Am nhac c6 thé dugc mé ta theo nhiéu khia canh khac
nhau nhu thé loai, tim trang va dac diém am thanh. Theo truyén théng, am nhac
dugce phan thanh cac thé loai nhu rock, jazz, c6 dién hodc pop. Dai tan sb 1y
tuéng cua 4m nhac thay doi tir thip dén 40 Hz va c6 thé 1én dén 19,5 kHZ
(Nguyén Thi Thu, 2022).

Time domain plot of spesch Signal Time domain piot of guitar Signal

Ampiude of speech sigal
[ 2 e
& o & £
Ampitude of Gultar signal

b o k£ &

Time domain plot of fire tick sound

Ampitude of Fre ruck sound
¢ £ ¢ £
o £ 3

Hinh 4.1. Biéu di&n trong mién thai gian caa giong noi, tiéng dan
va am thanh xe ciu héa

- Am thanh moéi truong: Trong cudc sdng hang ngdy, chung ta bi bao
quanh boi v6 s6 4m thanh méi trudng nhu 4m thanh cta 6 t6 hodc bat ky phuong
tién nao khac, nude chay, chudng ctra, chudng dién thoai, tiéng on cua nha may,
tiéng dong vat, v.v. Nhitng am thanh nay lan truyén trén toan bd pham vi nghe
duoc.
c. Biéu dién am thanh véi hoc may

Nhu trén ta c6 thé hiéu: 4m thanh 13 cic song lan truyén giao dong co hoc
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clia cac phan tir méi truong vat chat. Dang song mang cac yéu tb thong tin vé tin
s6, cuong do va am sic, co thé tudn hoan hodc khong tudn hoan. Dang song co
bién d6 16n, ta nghe thdy am thanh 16n, dang séng c6 tan s cao, ta nghe thiy 4m
thanh cao (Nguyén Thé Cudng & cs., 2023). Déi véi linh vuc hoc may (ML),
mot dang song thudng duoc biéu dién boi mot ham theo thoi gian:
y(t) = Asin(2zfz+ @) (1)

Trong d6 A, f, t, ¢ twong tng lan luot 13 bién do, tan s, thoi gian va pha
ban dau cia mot dang séng am thanh lién tuc theo thoi gian y(t). Ta co thé sir
dung phuong phap ldy mau dé chuyén d6i tir dang séng lién tuc sang dang tan s6
(day cac gia tri roi rac), ti 1é mau Sy = 1\T thuong dwgc chon 1a 44100, voi T 1a
khoang thoi gian giira 2 mau lién tiép (Nguyén Thé Cudng & cs., 2023).
4.1.3. Hé sb quang phé tan sé6 Mel (MFCC)

Trong linh vuc hoc may, dm thanh c6 cac dang dic trung nhu: cic dac
trung mién thoi gian (bao bién do, cin bac hai cua trung binh cta binh phuong
nang luong, ti 1& biang qua truc hoanh), cac dic trung mién tan s (ti 1& dai ning
luong, tim quang phd, bang thong), quang phd. Trong d6 viéc sir dung bién ddi
Fourier (FT) (Lyons, 2001) dé chuyén tir mién thoi gian vé mién tan s nhim
trich xuat quang phd. Bién d6i Fourier nham phan tich mot 4m thanh phirc thanh

cac thanh phan tan sé cua né (Hinh 4.2)

Hinh 4.2. Bién d6i Fourier dwa mién thoi gian (t) vé mién tan s (f)

Nhu vay dé trich xuat dic trung mién tan sb ciaa mot tin hiéu am thanh,
ching ta sir dung phuong phéap 1dy mau va trén co s cua bién doi Fourier phic dé
thu duogc céc théng tin vé tan sé va do 1on quang pho. Tir d6 tién hanh thém céc
budc bién doi tiép sau bién d6i Fourier thoi gian ngan dé chuyén sang hé s6 quang
phd tan s6 Mel (MFCCs), mot phuong phap trich xuat cac dic trung mot tin hiéu
am thanh pho bién hon va hiéu qua hon quang phd (Nguyén Thé Cuong & cs.,
2023).
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MFCC la mét trong nhiing dic trung duoc st dung phé bién trong nhiéu
ung dung, dac biét la trong xtr ly tin hiéu giong ndi nhu nhan dang nguoi noi,
nhan dang giong ndi va nhan dang gisi tinh. MFCC c6 thé dugc tinh bing cach
tién hanh nim quy trinh lién tiép, cu thé 14 tao khung tin hiéu, tinh toan phé cong
suit, 4p dung ngan hang bo loc Mel cho phd cong suét thu dugc, tinh toan gia tri
logarit cua tit ca cac ngan hang bo loc va cudi cing &p dung DCT (Abdul & Al-
Talabani, 2022). Hinh 4.3 minh hoa qua trinh tinh toan MFCC.

Am thanh (dang séng) Khung tin higu va cira s Néng lwong quang phd

Cac dic treng MFCC Bién doi Cosin rori rac Logarithm Ngén hang loc Mel

Hinh 4.3. Khung lam viéc caa MFCC
a. Nhan manh trueée
Nh4n manh truéc (Pre-emphasis) 1a mot trong nhitng phwong phép tién xir
ly phé bién trong linh vuc xtr ly tin hiéu dugc sir dung dé bu tin sé cao cua tin
hiéu da bi triét tiéu trong qua trinh tao tin hiéu. Nhan manh trudce 1a budce dau tién
trong qua trinh diéu chinh MFCC, ¢6 thé duoc thuc hién bang cach &p dung bo
loc thOng cao c6 phuong trinh sai phan la:

y(n) =x(n) —a.x(n—-1) 2)
trong d6 y(n) 12 mau tin hiéu ra sau khi nhdn manh trudc; x(n) 1a mau tin hiéu
vao; x(n — 1) 1a miu vao trudc x(n); a 1a hang sé duoc chon trong khoang tur
0.9 dén 1.0 va thuong sir dung 14 0.97.

b. Khung tin hiéu va cia sé

Tin hiéu duoc chia thanh cac khung chong 1én nhau (khoang 50%-70% dé
tranh mét thong tin) dé tinh hé s6 MFCC. Gia sir mdi khung bao gdm N mau va dé
cac khung lién ké duoc phan tach bang M mau trong d6 M < N. M&i khung duoc
nhan véi mot cira s6 Hamming trong d6 phuong trinh ctra s6 Hamming dugc cho
boi:

W(n) = 0.54 — 0.46co0s (%) (3)
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c. Néang luong quang phé

Phd cdng suat c6 thé duoc md ta 12 sy phan bd cong suét cua cac thanh
phan tan s6 tao nén tin hiéu (Abdul & Al-Talabani, 2022). Theo truyén théng,
Bién d6i Fourier roi rac (DFT) duoc st dung dé tinh toan pho céng suat. Pho
cdng suit cua timg khung thu duoc phai dugc xac dinh dya trén phwong trinh (4)
du6i day

i2mwkn

X(k) =YN2x(n)e™ n (4)
Voik =1,2,,..,N —1va x(n) latin hiéu roi rac, N 1a chiéu dai cua tin hiéu.

Trong budc tiép theo, tin hiéu mién tan sé duoc chuyén doi sang thang
tan sé6 Mel, pht hop hon vai thinh gidc va nhan thac caa con nguoi. Piéu nay
duoc thuc hién bang mot tap hop cac bd loc hinh tam giac duoc sir dung dé
tinh toan tong trong sé cua cac thanh phan quang phd sao cho dau ra caa qué
trinh xap xi thang do Mel. Pap tng tan sé cuong do caa mdi bd loc 6 hinh
tam giac va bang 1 & tan sé trung tdm va giam tuyén tinh vé& 0 & tan sb trung
tam cua hai bd loc lién ké.

d. Bo loc Mel

Bo loc thong dai Mel la mét tap hop cac bo loc duoc xay dung dua trén
nhan thac cao d6 (pitch perception). Bo loc théng dai Mel 1a mot tap hop cac bo
loc duoc thiét ké dya trén cach thirc con ngudi nghe va nhan thicc cao do (pitch
perception) cua am thanh. Cu thé, b loc Mel thuong dugc s dung trong qua
trinh trich xuat dic trung tir tin hiéu am thanh, nhu trong qua trinh trich xuat
MFCCs. Céch thirc hoat dong cua bo loc Mel bat ngudn tir viéc con nguoi khdng
nghe va cam nhan tan s6 &m thanh theo cach dong déu trén toan bo dai tan s, ma
thay vao dé, ho cam nhan tan sb theo cach khdng phan anh hoan toan kha ning
cta tai minh. Cu thé, bo loc Mel chia dai tan sé thanh céc dai tan sb khéng déu,
trong dé cac dai tan sb thap c6 d6 phan giai cao hon so véi céc dai tan s cao.
Diéu nay phan anh cach ma tai con nguoi cam nhan va xir Iy am thanh, trong dé
c6 sy nhay cam dic biét d6i voi cac bién dong & dai tan sb thap, trong khi it nhay
cam hon ddi véi céac bién dong o dai tan sé cao. Két qua 1, bo loc thong dai Mel
gilp tang cuong tinh nhat quéan véi cach thic con nguoi nghe va nhan thic m
thanh, 1am cho cac dic trung trich xuat tir tin hiéu &m thanh (nhu MFCCs) tré
nén phl hop hon véi cac nhu cau cua cac tng dung nhu nhan dang giong néi. Bo
loc Mel ban dau dwgc phat trién dé phan tich giong néi va gidng nhu kha ning
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nhan biét giong noi cua tai nguoi, N6 nham muc tiéu trich xuat biéu dién phi
tuyén tinh cua tin hiéu giong n6i. Ngan hang bo loc Mel quy uéc dugc xay dung
tir 40 bo loc hinh tam giac. Ham dich chuyén caa mdi bo loc thir m duoc tinh qua
ham s6

(0 khi k< f(m—1)
k—f(m-1) .
_k=fm-1) N
fmoreeny i fm—1) <k <f(m)
(k)= 1 khi k= f(m) (5)
f(m+1)-k .
A —f(m) <
F(m+1)—f(m) khi  f(m) <k <f(m+1)

L0 khi k>f(m+1)

Trong d6, f(m) 1a tan sé trung tdm cua bo loc tam giac va YN-1H, (k) = 1.
Thang do Mel theo tan s6 dap tng va nguoc lai dugc tinh theo phuong trinh (6)
va (7)

m = 25951log,o(1 + ) (6)

700

hay

f =700(102z% — 1) (7)
Ham dich chuyén nay c6 tac dung xac dinh mirc 46 déng gbp cua ting bod
loc vao viéc biéu dién tin hiéu am thanh theo céac dai tan s6 Mel khac nhau. Piéu
nay gilp tao ra cac dic trung biéu dién tin hiéu phan anh céach thiac con ngudi
nghe va nhan thirc am thanh.
e. Bién doi Cosin roi rac (DCT)

Cubi cung, dé trich xuat cepstrum (tam dich 1a quang phd) ta thuc hién
bién d6i Cosin roi rac (DCT- Discrete Cosine transform) dé chuyén tir mién tan
s6 V& mién thoi gian, ta thu duoc MFCCs.

Bién d6i Cosine roi rac (DCT) biéu thi mét chudi hitu han cac diém dir
lidu lién quan dén tong cac ham cosine dao dong & cac tan sé khac nhau. DCT
duoc Nasir Ahmed gidgi thiéu vao nam 1972. Trong quy trinh MFCC, DCT
duoc &p dung trén ngan hang bo loc Mel dé chon hau hét cac hé sb gia téc hoic
dé tach méi quan hé trong cudng d6 phd log khoi ngan hang bo loc. Gia sir
Y:(m) la tin hiéu ngd ra tir bd loc cua ngan hang hoc Mel, ta cé, DCT dugc tinh
theo phuong trinh duéi day.

k(m-0.5)m

cepe(k) = Xm-1log(|Y,(m)|?) cos (8)
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O day 1 < k < 12 (lya chon 12 tin hiéu dau tién cua thudc tinh phd). M 1a
s6 mau trong mot khung hinh.

Tir day ta c6 12 hé sb roi rac cia hé s6 quang phoé Mel két hop véi nang
lwgng phd caa mdi khung tin hiéu 1a ta c6 hé s6 tha 13 cua cac dic trung MFCCs
(Kurzekar va cong su, 2014). Tiép theo tinh céc sai phan dau ra cap 1 va cap 2
cta 13 hé sb roi rac trén ta c6 tong cong 39 dic trung MFCC cia mdi khung tin
hiéu.

Tong két: muc 4.1 di trinh bay vé van dé xir Ii &m thanh, cac thu thap va
biéu dién 4m thanh. Ciing nhu tim hiéu cac ki thuat trich xuat dic trung 4m thanh
nhu bién d6i Fourier va trich xuat dac trung MFCC dé phuc vu cho nghién cau ¢
phan sau.

4.2. CAC PHUONG PHAP HQC MAY

Trong phan nay, dé 4n dé cap dén céc phuong phap hoc méay duoc st
dung cho bai toan phan lop.

Ngay nay, tri tué¢ nhan tao (Al) ma hoc may (ML-Machine Learning) la
mot nhanh caa Al (hinh 4.4) néi 1én nhu moét minh ching cho cudc cach mang
cong nghiép 4.0. Tri tué nhan tao da va dang len 16i vao moi linh vuc trong cuc
séng cia con ngudi nhu: xe ty lai cia Google va Tesla, hé théng tu gan thé cua
Facebook trong anh, trg Iy ao Siri cia Apple, hé théng d& xuat san pham cua
Amazon, hé thong d& xuat phim caa Netflix, may nghe nhac AlphaGo cua
Google, DeepMind, ... 1a mot vai trong sé rat nhiéu (g dung cua Al/ ML.

ARTIFICIAL

MACHINE
LEARNING

DEER

LEARNING
A DA
e, M "

1950°s 1960°'s 1970's 1980's 1990's 2000's 2010's

Hinh 4.4. Méi lién hé giira Al, hoc may va hoc sau (deep learning)
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4.2.1. Hoc may

Hoc may (Machine learning) 1a qua trinh dao tao may tinh bét chuéc hanh
vi cta con nguoi. Trong khi con ngudi hoc hoi tir kinh nghiém va théng qua cac
giac quan thi may tinh hoc hoi tir dix liéu. Tran Pang TU & cs. (2022) chi ra “Hoc
may la phuong phap phan tich dir liéu tw dong hdéa théng qua mé hinh phan tich.
Bang cach sir dung cac thuat toan hién dai dé hoc tir dir liéu, hoc méay cho phép
may tinh tim thay nhing thong tin, gia tri an sdu ma khong thé 1ap trinh rd rang.
Cach hoc cua hoc may rat quan trong dé khi cac mé hinh mang nay duoc tiép xdc
véi dit liéu méi, ¢6 thé thich eng mot cach doc 1ap nhd hoc tir c4c tinh toan trude
d6 dé dua ra quyét dinh ciing nhu két qua 1ap lai dang tin cay”.

Hoc may duogc xac dinh gébm céc thanh phan sau (H5 Thi Ngoc, 2012):
Cho trudc mot tap dir liéu v tru X. Cho S 1a mot tap con cua X, S duoc goi la tap
mau. C6 mot sé ham dich (qué trinh ghi nhén) f: X = Y véi y = f(x) trong do
Y 1a tap nhan. Mot tap huan luyén D duoc xac dinh bsi D = {(x,y)|y =
f(x),x € S}. Tinh todn mot ham f': X - Y véi y’' = f'(x) bang cach sir dung D
nhu la f(x) = f'(x) véi moi x € X.

Nhu vay hoc may gom céc thanh phan (X,Y, £, S, D, f") trong d6 X 1a tap
dir liéu vi tru (hay dir liéu thudc tinh/dac trung), Y la tap nhan, f la ham gan
nhan, S la tap mau trén X, D = {(x,y)|y = f(x),x € S} va tinh toan xac dinh
fl:X - YVéiy = f'(x),Vx € X (trén tap huan luyén D thi f(x) = f'(x)).

Cac ki thudt hoc may dwoc chia ra thanh:

+ Hoc khdng c6 giam sat (Unsupervised learning): Hoc vai tap di liéu ban
dau hoan toan chua duoc gan nhan.

+ Hoc c6 gidm sét (Supervised learning): Hoc vai tap dir liéu huan luyén
ban diu hoan toan dwgc gan nhan.

Khi 6 c6 ham mat mat L: Y x Y - R* véi L(y, y") 1a sb thuc khdng am.

Mat mat cia ham f' trén S; c X dugc xem xét 1a R(f") = lsi Z'f;llL(y,y’) Voi

1l

S, | 14 s6 phan tt ¢6 trong S, .

Cac thuat toan hoc cé giam sat con dugc phan ra thanh hai loai chinh la
phan Iép (Classification) va hoi quy (Regression).

+ Hoc ban giam sat (Semi-supervised learning): Hoc ca véi dir liéu c6 gan

nhan va chua gén nhan.
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Ngoai ra con cé thém cach hoc tang cuong dugc xac dinh nhu sau:

+ Hoc tang cuong (reinforcement learning): Hoc tang tuong hay hoc cung
cb 12 bai toan gitp cho mot hé thong tu dong xac dinh hanh vi dya trén hoan canh
dé dat duoc loi ich cao nhat. Hién tai, hoc ting cuong chi yéu duoc ap dung vao
Ly Thuyét Tro Choi (Game Theory), cac thut toan can xac dinh nudc di tiép
theo dé dat duoc diém sb cao nhat. Chang han, AlphaGo - mot phan mém choi cd
vay trén may tinh dugc xay dung boi Google DeepMind hay chuong trinh day
may tinh choi game Mario 1a nhirng (rng dung st dung hoc tang cuong. Trong ly
thuyét tro choi, hoc ting cudong thudng duoc sir dung dé xay dung cac chién luoc
t6i wu cho cac tac nhan (agents) trong mot moi trudng tuong tac. Cu thé, hoc ting
cudng giai quyét bai toan cua cac tac nhan dwa ra cac hanh dong trong mot moi
treong nhat dinh dé t6i da hoéa mot ham phan thuong (reward function) hoac toi
thiéu hoa mot ham chi phi (cost function).

4.2.2. Bai toan phan loai

Nhu trén da noéi, cac thuat todn hoc c6 giam sat con dugc phén ra thanh
hai loai chinh 14 phan Iop (Classification) va hoi quy (Regression). Hay néi cach
khac, phan loai la bai toan hoc c6 giam sat.

Bai toan phan logi

Mot bai toan dugc goi la phan loai (hay phan 16p) néu cac nhan cua dir
liu dau vao dugc chia thanh mot sb hiru han 16p (mién gié tri 1a roi rac). Chang
han nhu tinh nang xac dinh xem mot email c6 phai la spam hay khéng cua
Gmail; xac dinh xem hinh anh cua con vat la ché hay méo. Tuong tu cho vi du
nhan dang khuén mat vai hai 16p 1a phai va khéng phai khudon mat, ...

4.2.3. Mot sb ki thuat hoc may cho bai toan phan loai

Cac k¥ thuat hoc may c6 rat nhiéu. Trong phan nay chung ta dé& cap dén
mot s6 ki thuat hoc may s& duogc st dung trong dé an nay.
4.2.3.1. M6 hinh cay quyét dinh

Mot trong nhitng mé hinh hoc tap phd bién nhat 1a Cay quyét dinh (DT-
decision tree). Cay quyét dinh (DT) 1a mé hinh dy doan trong hoc tap c6 giam
sat, duoc biét dén khong chi vi tién ich trong nhiéu tng dung ma con vi kha ning
dién giai va tinh manh mé& cua chang. Cac mé hinh nay thudng dugc biéu dién
theo ciu trc gibng nhu flowchart, trong d6 mdi nat bén trong 1a mot phép the
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logic (dwoc goi 1a phan tach) va mdi 14 1a mot du doan. Trong qué trinh suy luan,
mdi quan sat bit dau tir goc va két thic & mot trong cac 14, di theo mot duong
dan duy nhat. Sy don gian cia phuong phap nay di nguoc lai tinh chic chin cua
n6: DT duogc biét dén khong chi nhu mot mé hinh c6 thé dién giai, d& nim bat ma
con la mot phuong phap chinh xac da ding virng trudc thir thach caa thoi gian,
ké tir @& xuat ban dau cua ho vao nhimg nim 1960 (Morgan & Sonquist, 1963).
Cay ciing c6 nhiéu vu diém khéc, chang han nhu chi phi tinh toan thap, c6 thé xir
ly cac gia tri con thiéu va kha nang xir Iy ngay lap tac cac dir lieu két hop hdn
hop (Costa & Pedreira, 2023).

Vi nhiém vu phan 16p, cac budc thuc hién cay quyét dinh duoc khai quat
hoa nhu sau (Costa & Pedreira, 2023):

(1) Cho X la tap dir li¢u vaéi cac thugce tinh {x4, x5, ..., x,,}

(2) Néu X duoc phan ving dong nhét véi nhan y thi tao mot 14 du doan
nhany va tro lai

(3) Nguoc lai, mdi thudc tinh x;: Voi mdi ndt hoic gid tri ¢ ta thuc hién
cac budc sau:

a) Lua chon (g vién tét nhat lya chon phan chia (x; < ¢) hoic (x > ¢)
dwa theo tiéu chuan phan chia.

b) Tao mot nat bén trong véi (x;, ¢) 1a diém tach.

¢) Chia X thanh hai tap dir liéu X_trai va X_phai, phu hop, dua theo
diém tach (x;, c).

d) Tao mot nit con cho mdi tap dit liéu méi duoc tao.

e) Ddi véi mdi nit con, thuc hién budc a).

e Uu diém cta phuong phap cy quyét dinh (Bansal & cs., 2022)

+ C6 do phirc tap rat thip — Thuat toan nay kha don gian dé hiéu va khong
phu thudc vao bat ky chuyén nganh nao kién thirc lién quan dén thdng ké dé giai
thich no.

+ Hitu ich trong viéc kham phé dit liéu - N¢ ciing c6 thé dugc st dung
trong cac giai doan khdm pha dir liéu nhu thuat toan cay quyét dinh chung to
la mot trong nhitng cac thuat toan nhanh nhét trong viéc tao hoic xac dinh cac

tinh nang mai.

22



+ Y@&u cau 1am sach dit liéu it hon - Tuwong dbi yéu cau it hon buéc 1am
sach dir liéu va khdng bi anh hudng bai cac gia tri va dit liéu bi thiéu.

+ Khong han ché kiéu dir liéu - C6 thé xir Iy s mot céach linh hoat nhu
cling nhu cac bién c6 tinh chat phan loai.

+ Phuong phap phi tham sb - Cay quyét dinh sir dung phuong phap phi
tham sé phuong phap, ngu ¥ khong dua ra gia dinh ndo vé phan b cua dit liéu.

e Nhuoc diém cua cay quyét dinh

Mic du cdy quyét dinh 12 mot phuong phap phan loai manh m& va dé
hiéu, nhung né ciing ¢6 mot s6 nhugc diém:

+ Van dé qua khép hay qua mirc dao tao (overfitting) — Van dé qua khép
la mét trong nhitng van dé thyc té chinh anh huong dén mé hinh cay quyét dinh.
Cay quyét dinh c6 thé dé bi qua muc dao tao trén dit liéu huan luyén, dic biét 1a
khi cay quéa sau hoic khi c6 qua nhiéu 1&. Diéu nay dan dén viéc md hinh hoat
dong kém hiéu qua trén dir liéu méi hodc khdng duoc thay trudc.

+ Khong 6n dinh véi dit liéu nhay cam véi nhidu: Cay quyét dinh dé& bi
anh huong bai nhiéu va cac bién thura trong dir liéu, dan dén viéc tao ra cac quy
tic quyét dinh khdng can thiét hoac khéng dang tin cay.

+ Kha nang xu 1y dix liéu lién tuc va di liéu 16n: Trong mot s6 truang hop,
cay quyét dinh khong hiéu qua khi xu 1y dir liéu lién tuc hodc dir liéu 16n, dic
biét 1 khi s6 lrong bién va mau 16n. Cay quyét dinh mat mét sé thdng tin cé gia
tri khi phan loai cac bién theo nhiéu loai khac nhau.

+ Tinh khéng 6n dinh véi cac bién dau vao quan trong: Cay quyét dinh co
thé khdng on dinh vai cac bién dau vao quan trong, khién cho céc quy tic quyét
dinh va céu trlc caa cay thay d6i manh mé khi dit liéu thay doi.

+ Tinh chu quan trong viéc lya chon thudc tinh phan chia: Quyét dinh vé
thugc tinh phan chia c6 thé phu thudc nhiéu vao phuong phép lya chon, din dén
su khdng ddng nhit gitra cac md hinh dugc tao ra tir dit liéu khac nhau.
4.2.3.2. M6 hinh rieng ngdu nhién

Trong s6 nhiéu thuat toan hoc tap hop, thuat toan rirng ngau nhién (RF),
duoc gidi thiéu ¢ Breiman (2001), c6 I& Ia mot trong nhitng phuong phap thanh
cong nhat (Hong & cs., 2023). N6 bao gom nhiéu cay don 1é nhu trong hinh 4.5,
trong d6 mdi cay trong rimg duwoc tao trén mot mau dir liéu hudn luyén ngau
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nhién. Trong phuong phap nay, nhitng cdy truong thanh hoan toan dugc tao ra
ma khong can cit tia dé giir do léch thap. Mbi ciy duoc huin luyén trén mot tap
mau bootstrap va dé phan tach ¢ mdi nat, mot tip hop con ngau nhién cua cac
thudc tinh sé duoc xem Xét.

Training Training Training
— Data Data coe Data
1 ) n
Training ¢ ¢ ¢
Set Decision Decision Decision
Tree Tree Tree
Voting
Test Set (averaging)

v

Prediction

Hinh 4.5. C4u trac caa phan 16p rieng ngiu nhién

Bing cach nay, tinh ngiu nhién tao ra sy da dang giira cac cay va moi
tuong quan thap gitra cac cdy duoc kiém soét trong rirng. Két qua 1a chang chinh
X&c va 6n dinh hon cay cdi duoc thém vao.

C4c thi tuc chinh trong RF nhu sau (HOong & cs., 2023):

e Tur tap dix liéu huan luyén, véi m mau va n bién (dac diém), xay dung
cay quyét dinh T doc lap.

e M® hinh cay quyét dinh tht t dugc xay dung trén t-bootstrap b mau tir
tap di liéu ban dau (Learning set).

e Tai mdi nit bén trong, chon ngau nhién n’ bién (n’ << n ) va tinh
toan phan ving tot nhat dya trén n’ bién nay.

e Cay chua cit tia dugc xay dung voi do sau toi da.

e Két qua cudi cung thu dugc bang cach tong hop céc gia tri két qua
chang han nhu phuong phap voting theo két qua dugc du doan boi nhiéu cay
nht hoic phuong phép 1y gid tri trung binh.

e Uu diém cua rieng ngau nhién
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+ Thuat toan nay c6 thé ap dung cho 16p bai toan phan loai va hdi quy.

+ N6 giai quyét van dé qua khép vai dir lidu vi dau ra dya trén biéu quyét
da sb hoic Iy trung binh.

+ N6 hoat dong tét ngay ca khi dit liéu bj thiéu.

+ N6 c6 tinh 6n dinh cao.

+ NO duy tri su da dang Vi tat ca cac thudc tinh khong dugc xem xét trong
khi tao mdi cay quyét dinh mic du né khéng dung trong moi truong hop.

+ N6 khong bi anh huong khi sé chiéu dit liéu ting vi mdi cay khong xét
t6i tat ca cac thugc tinh.

e Nhuoc diém cta phuong phap rirng ngau nhién

+ Thuat todn Rirng ngau nhién rat phac tap khi so snh véi cac cay quyét
dinh noi cac quyét dinh cd thé dugc thuc hién bang cach di theo con duong cia cay.

+ Thoi gian huin luyén nhiéu hon so véi cdc md hinh khac do tinh
phtic tap cua nd. Bat ci khi ndo n6 phai dua ra du doan, mdi cay quyét dinh
phai tao ra dau ra cho dit liéu dau vao da cho.
4.2.3.3. Mé hinh mdy véc to hé tro (SVM)

May vecto hd trg (SVM-support vector machine) duoc tao boi Alexey ya.
Chervonenkis va Vladimir N. Vapnik vao nim 1963 (Bansal & cs., 2022). Ké tur
do6, k¥ thuat nay da duoc ap dung rong rii dé st dung trong cac van dé phan tach
va phan loai hinh anh, siéu vin ban va vin ban. C4c thuat todn nay kha tién tién
va c6 thé duoc sir dung cho vin ban viét tay ciing nhu phan loai protein trong
phong thi nghiém sinh hoc. Chung dugc st dung trong nhiéu linh vic khac nhu 6
t6 ty lai, chatbot, nhan dang khuén mit, v.v. (Bansal & cs., 2022). Trong sb
nhitng thuat todn hoc kiéu c6 giam sét rat pho bién, thuat toan Support Vector
Machine danh cho cac van dé hdi quy va phan loai. Thuat todn SVM nhim muc
dich hinh thanh gidi han quyét dinh phi hop nhat hoic ranh gidi, duoc goi 12 siéu
phing, ngin cach khong gian n chiéu thanh nhiéu Iép khéc nhau, giup dé dang
dat mot diém khac trong thé loai thich hop. Trong thuat toan SVM, cac diém
vecto cuc tri duoc goi 1a vecto hd tro dugc chon dé gidp tao ra mot sidu phang
thich hop. Két qua 13, nd ¢ thé ti da hoa khoang cach giira cac diém di liéu caa
ca hai 16p. Hinh 4.6 cung cap maot hinh dung truc quan cho y tuong cét 16i cua
phuong phap nay.
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Siéu phang tach biét c6 dang ham hdi quy tuyén tinh, cé thé duoc biéu
dién bang cbng thic (Phan & cs., 2022):

FG) =wTx +b (10)

trong d6, w 1a véc to trong b, b 1a d6 léch, va x 1a véc to dau vao.

GA Maximum

Margin Positive
J Hyperplane
Maximum T / * ¢

Margin
Hyperplane

LY
/'1 % Support

Vectors
Negative Hyperplane

>
[ x1_

Hinh 4.6. Minh hea phan 16p tuyén tinh véi SVM

e Uu diém cua phuong phap SVM (Bansal & cs., 2022):

+ Thuat toan SVM phi hop nhit khi c6 su phan chia rd rang giira cac 16p.

+ SVM cho thdy hiéu qua cao hon khi néi dén khdng gian nhiéu chiéu
hon.

+ SVM twong d6i hiéu qua vé mit bo nhé, ddy 13 mot tinh ning kha dang
mong doi.

+ Tinh 6n dinh: Mot thay d6i nho ddi véi dir lieu khdng anh huong 16n
dén siéu phang va do d6 khong anh hudng dén hiéu suat caa mé hinh SVM. Vi
vay, md hinh SVM én dinh.

e Nhuoc diém cia phuong phap SVM (Bansal & cs., 2022)

+ Thuat todn SVM khéng thé hoat dong phu hop véi cac tap dir liéu co
kich thudc khéng 15.
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+ SVM khéng hoat dong hiéu qua trong truong hop tap dir liéu chta
lwong nhidu Ién, tire 14 cac 16p muc tidu chdng chéo, thyuc té 1a hién twong nay lai
rat thuong xuy@n xay ra.

+ SVM hoat dong kém trong truong hop gia tri s6 cia cac d6i tugng cua
mdi diém dit liéu cao hon mau dit liéu huan luyén.

+ Thuat toan SVM khong c6 kha ning giai thich xac suat cho phan loai.

+ Thoi gian huan luyén dai: SVM mat nhiéu thoi gian huan luyén trén
cac tap dur liéu lon.
4.2.3.4. M6 hinh héi quy logistic (LR)

Trong bai toan phan 16p nhi phan, mé hinh hoi quy logistic ciing duoc st
dung dé phan Iop ddi twong (Gifford & Bayrak, 2023). Bai toan duoc xem xét
trong nghién cau nay 1a bai todn phan loai nhi phan. Xac suat cuia mot dau ra nhi
phan, cho mot tap hop céc bién, duoc biéu dién nhu sau (Yaseliani & Khedmati,
2023):

1
p(leC) T 1te—(bo+b1x1+byxo++bpxn)

(11)

trong d6 y 1a bién dau ra, x = (x, %, ..., x,) 12 tap hop cac bién duoc dy béo,
b = (by, by, by, ..., by) 12 céc hé s6, p(y|x) 1a xac xuat bién y thudc vao 16p 1
trong diéu Kkién cac bién x duoc xac dinh trudc.

Ty 1& chénh léch (odds ratio) 13 mot trong nhitng phép do thong ké duoc sir dung
trong viéc ra quyét dinh. Ty I¢ chénh Iéch dugc dinh nghia 1a ty I€ gitta X4c Suét
xay ra va khong xay ra cuaa mot su kién:
odds = LX) 12
-p (/) (12)
Ham logarit dugc xac dinh 1a logarit tu nhién cua ty 1€ chénh léch.
In(odds) = by + byx; + byxy + -+ + byx, (13)
Trong hoi quy logistic, théng thuong két qua thong qua mot ham dac biét dugc
goi 1a Ham Sigmoid dé du doan dau ra y, tic 1a y duoc du doan thudc vé 16p 1
néu sigmoid(by + byx; + byx, + -+ byx,) = 0 V6i 6 € (0,1) 1a mot ngudng
(threathold value) va

1
1+e—(b0+b1x1+b2x2+~-~+bnxn)

sigmoid(by + byx; + byxy + -+ + byx,) = (14)
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Hinh 4.7. Minh hea héi quy logistic va héi quy tuyén tinh

e Uu diém cia md hinh héi quy logistic (Logistic-regression, 2024):

+ Hdi quy logistic 1a mot trong nhitng thuat toan hoc may don gian nhat.
NG rat dé dang dé thuc hién va giai thich.

+ Khéng c6 gia dinh co ban ndo vé sy phan bd caa cac dic trung.

+ N6 ¢6 thé duoc sir dung cho ca trudng hop nhi thic va da thac (hinh
4.7)

+ Hoi quy logistic cung cip céch tiép can dua trén xac suat dé du doan
nhan cua bién muc tiéu.

+ N6 hoat dong tét khi dix liéu c6 thé phan tach tuyén tinh.

+ N6 khdng bi anh huéng béi viéc khép qua mirc ddi véi tap dir liéu chiéu
thap, tuc 1a s6 lwong yéu té du doén rat nho so véi c& mau.

+ Huin luyén md hinh hdi quy logistic nhanh hon nhiéu so véi cac mo
hinh twong d6i phuc tap.

+ Hoi quy logistic dua ra cac xac suat dwoc hiéu chinh tét clng véi két
qua phan loai. Diéu nay rat hitu ich dé suy ra tinh chinh xac cua du doan.

e Nhuoc diém caa md hinh hdi quy logistic (Logistic-regression, 2024)

+ Néu sb luong quan sat nho hon sé lugng thudc tinh thi khéng nén st
dung Hbi quy logistic, néu khong c6 thé dan dén tinh trang qua mtc dao tao
(overfitting).

+ Han ché chinh cua hoi quy logistic 1a gia dinh vé tinh tuyén tinh giira
bién phu thudc va bién doc lap.

+ Doi voi céc dir lieu c6 cac méi quan hé phuc tap thi md hinh hdi quy
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logistic to ra kem hiéu qua. Cac thuat toan manh mé va nho gon hon nhu Mang
than kinh c6 thé d& dang vuot troi hon thuat toan nay.

+ Trong hdi quy tuyén tinh, cac bién doc 1ap va phu thudc co lién quan
tuyén tinh. Nhung hdi quy logistic can cac bién doc 1ap c6 lién quan tuyén tinh
Véi cac ty 1€ chénh léch (odds).
4.2.3.5. M6 hinh k-lang giéng gan nhdt (k-NN)

K-Nearest Neighbor la mot phuong phap hoc c6 giam sat khong dua ra gia
dinh ndo vé phan phdi xac suét cua cac vecto dic trung. Di voi cac van dé phan
loai, céc ca thé huan luyén dugc luu trir trong khong gian dic trung v6i nhan 16p
cua chung. Dbi véi mot truong hop thir nghiém, khoang cach tir né dén tat ca cac
diém huan luyén trong tap dir liéu duoc tinh toan va luu trit theo tht tu da sap
xép. Sau do, nd duoc phan loai theo da sé phiéu bau cua cac hang xom cua no,
vé6i trudng hop duoc gan cho 16p phd bién nhit trong sé cac hang x6m gan nhat
cta nd, trong d6 k 13 sé nguyén duong duoc truyén dudi dang tham sé. Thuat
toan k-lang giéng gan nhat (k-NN: k-nearest neighbor) 1a mét trong nhiing thuat
toan can thiét va hiéu qua nhat dé phan tach dir liéu, c6 kha nang tré thanh lua
chon chinh dé trién khai, diac biét khi dit liéu nhat dinh kha mo hd. Thuat toan
nay duoc phat minh vao nim 1951 bai Evelyn Fix & Joseph Hodges dé kiém tra
phan biét khi viéc quyét dinh mat do xac suit bang udc luong tham sé 1a twong
dbi kho khan (Bansal & cs., 2022).

Trong phan 16p nhi phan, hai 16p c6 nhan 0 hoic nhan 1, mot diém dix lidu
riéng biét da duoc chi dinh dé xéac dinh 1a thuéc vé nhan 0 hoic nhan 1. Trong
truong hop nay, thuat toan k-NN c6 thé dé dang gilp nguoi phan tich trong quy
trinh phan loai diém mai khac véi tap dit liéu trén co s& chi sé tuong tu hoic
khoang cach cua diém véi ca hai treong hop hién c6. Hinh 4.8 cho thay céch
phan loai cac ddi twgng k-NN bang cach sir dung md hinh hoc tap c6 tinh dén
khoang cach gan nhat véi cac ddi tuong khac:; néu mot dbi twong & gan mot doi
tuegng dang duoc phan loai thi n6 dugc coi 1a thanh vién caa dbi teong gan nhat.
Trong thuat todn k-NN, dit liéu dugc nhap vao khong gian da chiéu va mdi chiéu
duoc lien két véi céac thuoc tinh dit lieu khac nhau. Gid tri chinh xac cua thuat
toan k-NN phu thudc nhiéu vao nhiéu yéu t6, bao gébm lua chon k, phuong phap
do khoang céch, tién xir ly dix liéu va phan phéi cua dir liéu. Thuat toan k-NN
dua ra gia dinh rang nhitng thtr ¢é thé so sanh duoc s& xuat hién & gan hoic & cac
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viing 1an can. Diéu nay ngu y rang dit liéu c6 thé so sanh duoc s& duoc dit canh
nhau. Thuat todn k-NN phan loai dit liéu hoic truong hop méi bing cach sir dung
tat ca dir liéu c6 sin va cac ham tuong tu hodc khoang cach. Lép chira phan 16n
dix liéu lién ké sau d6 s& duoc cung cap di liéu maoi.

A

New Example Class A
to classify Class B

Y-Axis

.
=

X-Axis

Hinh 4.8. M6 phéng phan lép k_NN

e Uu diém cua thuat toan k-NN

+ Khong c6 thoi gian huan luyén: N6 khong hoc dugc gi trong thoi
gian huan luyén. N6 khong tao ra bat ky chirc nang phan biét ndo tir dir liéu
huan luyén. N6i cach khac, khdng cé thoi gian huan luyén cho né. N6 luu trix
tap dit liéu huan luyén va chi hoc tir nd tai thoi diém dwa ra du doan thoi gian
thuc. Diéu nay lam cho thuat todn k-NN nhanh hon nhiéu so véi cac thuat
toan khac yéu cau huan luyén, vi du: SVM, Hoi quy tuyén tinh, v.v. Vi thuat toan
k-NN  khdong vyéu cau huin luyén trusc khi dwa ra du
doan, dir lieu méi ¢ thé duoc thém lién mach s& khong anh huong dén do
chinh xac cua thuat toan

+ k-NN rat d& thuc hién. Chi c¢é hai tham sé duoc yéu cau dé trién khai
KNN, tac la gid tri cia K va ham khoang cach (vi du: Euclidean hoac
Manhattan, v.v.)

e Nhuoc diém cta thuat toan k-NN

+ Khong hoat dong tét véi tap dir liéu Ién: Trong tap dix liéu 16n, chi
phi tinh toan khoang cach giira diém mai va mdi diém hién c6 la rat 16n, diéu
nay lam giam hiéu suat caa thuat toan.
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+ Khoéng hoat dong tét véi cac dit lieu c¢d sé chiéu 16n: Thuat todn k-NN
khong hoat dong tét véi dit liéu nhiéu chiéu vi véi s6 lugng kich thude 1on, thuat
toan s& tré nén kho khin trong viéc tinh toan khoang cach trong mdi chiéu.

+ Can chuin hoa dic trung: Ching ta can thuc hién viéc chuin hoa dic
trung trudc khi 4p dung thuat todn k-NN cho bat ky tap dit liéu nao. Néu
chung t6i khong lam nhu vay, k-NN ¢6 thé tao ra cac dy doén sai.

+ Nhay cam véi dix liéu nhiéu, thiéu gia tri va gia tri ngoai 1&: k-NN
nhay cam véi nhiéu trong tap dir liéu. Ching ta can dua ra cac gia tri bi thiéu
theo cach thu céng va loai bo cac gia tri ngoai Ié.

TOm lai: Céc thuat toan trén déu c6 nhitng vu diém va nhuoc diém riéng
(xem Bang 4.1). Do dic diém cua cac file 4m thanh ong thu duoc sau khi thyc
hién trich xuat dic trung nd c6 dang sé va c¢6 xu huéng tach thanh cac 16p thé
hién sy chia dan va khong chia dan rat rd (Xem hinh phd Hinh 4.10, Hinh 4.11 va
Hinh 4.13). Do d6 viéc thuc hién cac phuong phap hoc cho mé hinh nay ¢ trong
luan van la can thiét dé thdy duoc wu diém va nhuoc diém cua cac mé hinh hoc
may ng dung cho bai todn ndy 1 can thiét va tir 46 dua ra dé xuat mé hinh phu
hop nhit cho bai toan.

Bang 4.1. Uu diém va nhwoc diém chinh cia cac mé hinh hec may

Uu diém chinh
+ Khong han ché kiéu dix liéu.
+ Khdng c6 yéu cau gia dinh
ndo vé phan bé cua dit liéu.
+ Giai quyét van dé quéa khép
véi dir lidu vi dau ra dua trén
biéu quyét da sb hoic lay trung
binh.
+ C0 tinh 6n dinh cao.

Nhwoc diém chinh
+ Tinh khdng 6n dinh
+ Vén dé quéa khop hay qué
muc dao tao (overfitting).

M©6 hinh hec may

Cay quyét dinh

Thoi gian huin luyén nhiéu
hon so véi cac md hinh
khac do tinh
phuc tap ctaa no.

Rung ngau nhién

+ Thuat todn SVM khong

Mo hinh may véc to
hd trg

+ Tinh 6n dinh: Mot thay doi
nhé dbi vai dir liéu khdng anh
huong lén dén siéu phang.

+ Thuat todn SVM phu hop
nhét khi ¢ su phan chia rd rang
gitra cac lop.

thé hoat dong phu hop voéi
cac tap dir lieu cd Kkich
thuge khdng 16

+ SVM khong hoat dong
hiéu qua trong truong hop
tap dior liéu chaa luong
nhiéu lon.

M6 hinh hoi quy
logistic

+ D& dang dé thuc hién va giai
thich

+ Néu sé luong quan sat
nhé hon sb lugng thudc tinh
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Mo hinh hgoc may

U'a diém chinh

Nhuwge diém chinh

+ Hoat dong tot khi dit liéu c6
thé phan tach tuyén tinh.

+ Huén luyén md hinh hdi quy
logistic nhanh hon nhiéu so véi
cac mo hinh twong ddi phirc
tap.

thi khéng nén sir dung Hoi
quy logistic vi c6 thé dan
dén tinh trang trang bi quéa
muc (overfitting).

+ Ddi véi céac dit lieu co cac
mbi quan hé phtc tap thi
md hinh hdi quy logistic to
ra kém hiéu qua.

M® hinh k-lang
giéng gan nhat

+ Thuat toan k-NN nhanh hon
nhidu so v&i cac  thuat
toan khéc.

+ k-NN rét d thuc hién.

+ Khong hoat dong tot véi
tap di liéu lon

+ Nhay cam véi dir lidu
nhiéu.

4.3. UNG DUNG CAC KY THUAT HQC MAY CHO BAI TOAN NHAN
DANG POI TUQONG DUA TREN AM THANH

4.3.1. M0 ta dir liéu va tién xir Ii dir liéu

Tap dir liéu &m thanh ong trong dé &n nay duoc ldy tir Trung tdm nghién
ctru ong va nudi ong nhiét doi, Hoc vién Nong nghiép Viét Nam. Dir liéu co hai
bo: bo dir liéu ong chia dan (Swarmming) va dit liéu ong ¢ trang thai binh thuong
(Non-Swarmming). Trong d6, dir liéu ong chia dan c6 22140 file.wav va bo dir
liéu dir liéu ong binh thuong c6 18583 file.wav (hinh 4.9). Khi ma hoa, bo di
liéu ong chia dan danh nhan 1a 1 va bo dit liéu ong ¢ trang thai binh thuong gan
nhan 1a 0. Hinh anh 4.10 va hinh anh 4.11, twong Gng 1a phd cia moét mau am
thanh ong & trang thai binh thuong va hinh anh phé cia mot mau am thanh ong
chia dan. Pay 1a bai toan phan 16p nhi phan.

Class Counts

20000

15000

Count

10000

S000

Swarmming
Non-Swarming

Class

Hinh 4.9. S6 lwgng file Am thanh ong dwoc sir dung dé phan I6p
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8192
4096
2048
1024
¥ o512

256

Time

Hinh 4.10. Anh phé cia mét mau &m thanh ong & trang thai binh thwong

8192
4096
2048

1024

0 0.5 1 1.5 2 2.5 3
Time

Hinh 4.11. Anh phé cia mét mau Am thanh ong chia dan
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Viéc thyc hién thuc hién nhan dang ddi tuong dua trén am thanh, & day,
bao gdm hai giai doan chinh nhu sau (Hinh 4.12):

Input: Cac
file.wawv

Cac dac trung MFCC: BT, mean, min,
max

Hoc may: DT, RF, LR, k-INMN, SV

Output: két
qua phan l&p

Hinh 4.12. So' @b thuc hién nhan dang ddi tweng dwa trén &m thanh

Giai doan I: Thuc hi¢n trich xuat dic trung: O day vdéi cac dir licu dau
vao la cac t¢p am thanh c6 nhan (dang file.wav). Dung phuong phdp trich chon
dac trung MFCC, ta thu dugc mot file.csv dau ra la mot ma tran c6 cac hang la
cac d6i twong va cac cot 14 cac gia tri dic trung MFCC va ¢t cudi cung 1 gia tri
phan 16p.

Giai dogn 2: Stt dung cic mo hinh hoc may dé phan 16p. Dau vao cua giai
doan 2 1a file.csv (1a két qua cua giai doan 1). Sir dung nim mo hinh hoc may
truyén thdng (Cay quyét dinh, Ring ngu nhién, k-lang giéng, hdi quy logistic,
may véc to hd tro) ta thu duoc dau ra cua giai doan 2 13 két qua phan 16p nhan

dang cac file am thanh.
4.3.2. Trich xuit dic trung MFCC

Theo phan tich trong phan 4.1. vé trich chon dic trung MFCC cua am
thanh ta thu dwgc 39 dic trung cua am thanh. Hinh 4.13 1a phan b6 dit liéu caa
mot mau 39 MFCC.
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40000

35000 4

30000 4

25000 A

20000 A

15000 +

10000 +

5000

Ngoai ra thi lya chon trich chon dic trung ciia méi thudc tinh MFCC ta co
thé chon theo dinh huéng chiang han thuong 12 cac gié tri dic trung: gia tri trung
binh, do léch chuan, phwong sai, gia tri lén nhat, gia tri nho nhat cia mdi véc to
gia tri s6 caa mdi thudc tinh MFCC.

4.3.3. Cai dat thwr nghiém
4.3.3.1. Cac md hinh hgc may cé giam sat

Trong nghién ctru nay chiing t6i cai dat thir nghiém nam mo hinh phan lop
(hoc c6 giam sat) la cay quyét dinh, rirng ngau nhién, méay véc to hd trg, va md
hinh mang no-ron tich chap. Tham s6 cta cac mé hinh nhu sau:

e M0 hinh cay quyér dinh: DecisionTreeClassifier(random_state=41)
e M0 hinh rizng ngdu nhién: RandomForestClassifier(random_state=41)

e M0 hinh k-NN: KNeighborsClassifier(n_eighnors = k) véi hai truong
hop k =5 va k =10.

e M0 hinh hai quy logistic: LogisticRegression()
o M6 hinh mdy véc to hé trom SVC(kernel='linear")

e Ti ¢ di liéu chia hudn luyén va kiém tra: 70% huan luyén, 30% thir
nghiém.

® Class0 . | ® Classo

ey [ TEK 40000
. 0 ]
£ I
ﬁﬂ-----l
[ (. v

20000 : ‘.\A
Ay El
WA
.- L] n_ (Y ‘- =.|;
I-IE STTTTSNIN ¢

HEREU RV 5
oS- _m@-l | e IR0
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_ |-lﬂ&.-{ﬂb . S

o = ¢ =T 0

5000 10000 15000 20000 25000 30000 35000 40000 5000 ].0(]00 15000 20000 25000 30000 35000 40000

Tap huan luyén Tap kiém tra

Hinh 4.13 Phan bé dir liéu cia mét mau 39 MFCC
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4.3.3.2. Céc chi sé phan lép

Danh gida mé hinh 1a mot nhiém vu quan trong trong phan loai va mot sé
tham s6 da duoc thé hién ¢ khia canh nay. Tiéu chi danh gia duoc sir dung
thuong xuyén nhat trong dang nghién ctu nay 1a d6 chinh xac phan 16p
(accuracy), kha ning thu hoi (recall), d6 chinh xac (pricision), va diém F (F-
socre). Cac chi sé nay duoc xac dinh qua céac chi sé cia ma tran nham lan nhu
bang sau (Bang 4.2):

Bang 4.2. Ma tran nham lan déi véi phan Iép nhj phan

Gia tri thuc (1) Gia tri thuc (0)
Dy doan (1) TP FP
Du doan (0) FN TN

Trong do:

TP (duong tinh dung, true positive): Dy doan 1a déi twong thudc 16p 1 va
thuc su thi d6i twong du doan thudc 16p 1.

TN (4m tinh dang, true negative): Du doan dbi tuong thudc 16p 0 va thuc
s thi d6i twong dy doan thudc 16p 0.

FP (dwong tinh gia, false positive): Dy doan d6i twong thudc 16p 1 nhung
thue sy thi dbi twong thudc 16p 0.

FN (a4m tinh gia, false negative): Du doan dbi twong thudc 16p 0, nhung
thue sy thi dbi twong thudc 16p 1.

Céc chi s6 danh gia hiéu qua cua bai toan phan 16p duoc st dung dya trén
ma tran nham l4n thuong 1a cé&c chi sé sau:

+ Po chinh xac phan 16p (accuracy): xac dinh mac do chinh xac cua két
qua phan 16p cho ca phan I6p 0 va phan lop 1.

Acc = —24T0 (14)

TP+FP+FN+TN
+ Do chinh xac cua phép do (precision): xac dinh ti s6 phan l6p ding trén
t6ng s6 du doan 1a dung.

Pre = —~ (15)

TP+FP
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+ Ti 18 thu hoi: cho thay ty I& cac d6i tugng thuc sy dugc phan loai dung
trén tap cac ddi tuong co gia tri dung can phan 16p.

TP
TP+FN

Recall = (16)

Néu Recall gan bang 1, diéu d6 c6 nghia 1a mé hinh du doan c6 kha ning
phét hién tat ca hodc gan nhu tit ca cac truong hop ding. Tuy nhién, mot Recall
thap c6 thé chi ra ring mé hinh du doan bé sét nhiéu trudng hop ding va co thé
khong phat hién duoc mot sé truong hop quan trong.

+ Diém F (F-score): 1a trung binh diéu hoa giira do chinh xac cua phép do
va ti Ié thu héi theo cong thirc

F — score = 2 » rexRecall (17)

Pre+Recall

Mot mé hinh ¢ F-score cao cho théy mo hinh c6 Precision va Recall tét,
tc 1a n6 ¢d kha ning du doan chinh xé4c cac diém dit liéu thudc ca hai 16p.
4.3.3.3. Céc kich ban va két thi nghiém rat trich dic trung MFCC

Trong nghién ctiru nay, chung tdi thuc hién rat trich dac trung MFCC cua
cac tép am thanh dang file.wav bang thu vién librosa trén python voi do dai cua
mét frame &p dung cho bién dbi Fourier nhanh n_ftt =1024 va buéc nhay gitra cac
frame 1a hop length = 512. Vi do dai cua cac tép am thanh (dd duoc cit thanh
doan am thanh nho luu dudi dang file.wav) ¢ day 1a bang nhau, nén sb luong
khung trén mdi tép am thanh duoc tinh ra bang 130 khung (bang chiéu dai mdi
file.wav chia cho budc nhay). Céc két qua nay duoc hién bang ngon ngit Python
qua mdi trudng Jupyter Notebook trén méay PC c6 cau hinh: Core i5, ram 8G.

Trong két qua chay véi 39 dic trung MFCC (nhu di noi dén trong phan
4.1, ta ki hiéu 1a MFCC_BT), chling t6i c6 két qua phan I6p nhu Bang 4.3. Trong
cac bang két qua, gia tri in dam 1a gia tri tét nhat.

Tir bang 4.3 ta thay, véi 39 dic trung MECC_BT (ly mic dinh theo thu vién
cua Librosa la phan tir dau tién cia khung hinh thir nhét trén mdi file &m thanh, c6
thoi gian thuc hién khoang 1135s) mé hinh rirng ngau nhién cho két qua phan I6p
cao nhit trong nim mo hinh dwgc xem xét dén & day véi do chinh xac phan I6p dat
97.23% nhung chiém thoi gian thuc hién kha cao 394 gidy (s); tiép theo la cac md
hinh cay quyét dinh co d6 chinh xac khoang 94.64% véi thoi gian chay khoang
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4.19s; md hinh may véc to hd tro c6 do chinh xac 94.25% cd thoi gian thuc hién
434.97s; md hinh hdi quy logistis cho d6 chinh xac 94.22% c6 thoi gian thuc hién
0.44s. Hai truong hop chay mo hinh k-NN (k=5 va k=10) cho d¢ chinh xac phan lop
lan luot 12 92.31% va 91.35% véi thoi gian thyc hién lan luot 13 1.52s va 1.47s.

Bang 4.3. Két qua phan 16p cia cac md hinh véi 39 dic trung

MFCC BT
Acc Thoi gian chay (giay-s)
DT 0.9464 4.19
k-NN (10) 0.9135 1.47
k-NN (5) 0.9231 1.53
LR 0.9422 0.44
RF 0.9723 394
SVM 0.9425 434.97

Trong trudng hop trén ta thay ring vé do chinh xac thi mé hinh RF cho
két qua vuot troi so véi cac md hinh con lai. Nhung vé mit thoi gian tinh toan thi
md hinh RF chiém thai gian chi ngan hon mé hinh SVM, trong khi dé thoi gian
thuc hién cta RF 1a 1au hon so véi cac m6 hinh con lai (xem bang 4.2).

Chuing ta ¢ thé cai thién d6 chinh xac nay vai cach thuc hién nhu sau: Tai
mdi khung mdi dic trung MFCC sé& nhan gia tri 1a mot sé thuc. Vi vay véi 130
khung trén mot tép &m thanh thi ta nhan duoc 130 gia tri s6 thuc (twong Gng Voi
tirng khung) cua mot dic trung MFCC. O day ta c6 thé coi mdi MFCC 1a mot véc
to M ¢6 s chiéu bang s6 khung nay (6 day 1a véc to 130 chiéu, twong wng Voi
130 khung hinh). Tir day ta c6 thé ldy gi4 tri nho nhat (min), gia tri 16n nhat
(max) va gia tri trung binh (mean) duya trén véc to M ndy cia mdi MFCC 1am dai
dién cho MFCC tai ting tép a&m thanh (file.wav). Do d6 véi 39 dac trung MFCCs
chiing ta thyuc hién bon truong hop lay dai dién cho mdi dic trung MFCC la: 1dy
phan tir dau tién caa M (day chinh 1a trudng hop mic dinh khi xac dinh MFCC
trong thu vién librosa cho tap cac tép am thanh), lay phan tir nhé nhat (min) trén
véc to M, 1ay phan tir 16n nhat (max) caa M, Iy gia tri trung binh (mean) cua véc
to M. Piéu nay dugc chi rd hon trong phan phu luc.

Ngoai ra nghién ciu ndy ciing xét thém cac kich ban 13 chi liy 13 dic trung
MFCC dau tién cua cac file &m thanh; kich ban nita 1a 1y 13 dic trung dau tién va
13 dao ham cap mot cua chung 13 26 dic trung MECC cuia céc tép am thanh.
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Do d6 dé an tién hanh thir nghiém ba kich ban khac nhau:

Kich ban 1: Thyc hién chuwong trinh véi 13 dic trung 4m thanh dau tién.
Thoi gian thuc hién dé trich xuat dic trung theo cach thic Iy phan ti dai dién
trén moi dic trung MFCC 1a 801.76s, 1002s, 616.45s va 643s cho cac dai dién
tung (ng 1a gia tri trung binh (mean), gia tri mac dinh (BT), gia tri nho nhat
(min), va gia trj 16n nhit (max).

Bang 4.4. o chinh xac cia cac mo hinh khi chay véi kich ban 13 dac

trung MFCC
mean BT min max

DT 0.9984 0.9506 0.9928 0.9883
k-NN (10) 0.9998 0.9666 0.9984 0.9947
k-NN (5) 0.9998 0.9691 0.9986 0.9953
LR 0.9981 0.9287 0.9836 0.9774

RF 0.9997 0.9705 0.9975 0.9945
SVM 0.9981 0.9283 0.9837 0.9768

PO CHINH XAC cUA CACc MO HINH
vl 13 PAC TRUNG MFCCS

5
Q
x

0.9836 m

I 09774 3

0.9975

I  0.9997
I 0.9705
I  0.9945
I 0.9981
I 0.9283
0.9837
I 0.9768

I 0.9287

I 0.99813

(%]
<
<

(10) KNN(5) LR RF

Hinh 4.14. B¢ chinh xé&c cia cac mo hinh véi 13 diac trung MFCCs
Bang 4.5. Thai gian thuc hién caa cac mo hinh véi 13
dac trung MFCC (tinh theo giay)

mean BT min max

DT 2.62 5.95 3.55 3.45

k-NN (10) 4.16 7 5.77 5.79

k-NN (5) 5.45 7 5.34 3.14

LR 1.08 1.28 0.98 0.59
RF 387.6 633 412.46 261.46
SVM 13.54 1127 142 102.25
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Trong kich ban 1 nay thi md hinh k-lang giéng gan nhat (véi k =5) cho két
qua do6 chinh xac cao nhét trén ca sau mé hinh thyuc hién va thai gian thuc hién
cling gan nhu tot nhat trén tat ca cac truong hop (chi trir truong hop lay dai dién
trung binh (mean)) (Bang 4.4 va Hinh 4.14). M6 hinh hdi quy Logistic c6 thoi
gian chay nhanh nhét, nhung ciing 1a mé hinh c6 d6 chinh xac phan 16p chénh
léch nhiéu nhat trong cac truong hop lay phan tir dai dién ¢ day (thap nhat o lay
dai dién miac dinh va cao nhat voi lay dai dién trung binh) (Bang 4.5).

Kich ban 2: Thyc hién chuong trinh véi 26 dic trung 4m thanh dau tién.
Thoi gian thuc hién dé trich xuat dic trung theo cach thic Iy phan ti dai dién
trén mdi dic trung MFCC 1a 303.56s, 450.36s, 397.86s va 365.07s cho cic dai
dién tung tng la gia tri trung binh (mean), gia tri mac dinh (BT), gié tri nho nhat
(min), va gia tri 16n nhat (max).

Bang 4.6. o chinh xac cia cac mo hinh khi chay véi kich ban 26 dac

trung MFCC
mean BT min max

DT 0.9976 0.9489 0.9907 0.9862
k-NN (10) 0.9998 0.9437 0.9982 0.9952
k-NN (5) 0.9999 0.9451 0.9986 0.9957
LR 0.9995 0.9398 0.9895 0.9821

RF 0.9998 0.9727 0.9975 0.9947
SVM 0.9993 0.9395 0.9896 0.9832

PO CHINH XAC cUA cAc mO
HINH VOl 26 PAC TRUNG MFCCS

H mean HEBT min H max

(10) KNN(5) LR RF SVM

0.9976
0.9986

0.9957
0.9995
0.9998
0.9975

9947
9993

0

0.9907
0.9862
0.9895
0.9821
0
0.9896
0.9832

I  0.9998
|
]
I 0.9398
|
I 0.
0.9727

I  0.9489
I  0.9395

Hinh 4.15. B¢ chinh x&c cia cac mo hinh véi 26 dic trung MFCCs
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Trong kich ban 2 nay ta nhan thay vé do chinh xac khdng c6 mé hinh nao
chiém uu thé hoan toan (cao hon) trong cac truong hop Iy dai dién trén mdi dic
trung MFCCs (Bang 4.6 va Hinh 4.15). Trong céc trudng hop lay dai dién thi lay
dai dién mic dinh van c6 do chinh xac kém nhat trén tat ca md hinh va thoi gian
chay truong hop nay ciing 1a cao nhét trén tat ca cac md hinh so véi cac truong
hop khac, dic biét truong hop ndy mé hinh hoc may véc to hd trg con co do
chinh xac thip hon nhiéu so véi cac trudng hop khac (Bang 4.7).

Bang 4.7. Thai gian thuc hién caa cac moé hinh véi 26
dac trung MFCC (tinh theo giay)

mean BT min max

DT 1.77 3 2.38 2.76
k-NN (10) 1.37 1.44 1.34 2.23
k-NN (5) 1.33 1.39 1.36 1.34
LR 0.41 0.41 0.37 0.37
RF 179.47 310.32 252.9 262.9
SVM 1.47 372.28 27.79 78.2

Kich ban 3: Thyc hién chuong trinh voi 39 dic trung 4m thanh dau tién.
Thoi gian thuc hién dé trich xuat dic trung theo cach thic Iy phan ti dai dién
trén mai dac trung MFCC 1a 930s, 1135s, 872.4s va 641s cho cac dai dién tung
trng 14 gi4 tri trung binh (mean), gi tri mic dinh (BT), gi4 tri nho nhat (min), va
gia tri 16n nhat (max).

Bang 4.8. P9 chinh xac cia cac m6 hinh khi chay véi kich ban 39 dac

trung MFCC
mean BT min max

DT 0.9980 0.9464 0.9911 0.9909
k-NN (10) 0.9999 0.9135 0.9987 0.997
k-NN (5) 0.9999 0.9231 0.9987 0.9978
LR 0.9999 0.9422 0.9912 0.9875

RF 0.9998 0.9723 0.9971 0.9972
SVM 0.9993 0.9425 0.9911 0.9871
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H mean HEBT min M max
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(10) KNN(5) LR RF SVM
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Hinh 4.16. Po chinh xac caa cac mo hinh véi 39 diac trung MFCCs

Bang 4.9. Thai gian thuc hién cia cac moé hinh véi 39 dic trung MFCC

(tinh theo giay)
mean BT min max
DT 2.75 4.19 4.16 5.86
k-NN (10) 1.45 1.47 1.36 2.23
k-NN (5) 1.5 1.53 1.26 2.52
LR 0.39 0.44 0.43 0.77
RF 223.33 394 325.41 351.55
SVM 0.74 434.97 18.41 39.72

Trong kich ban 3 nay ta nhan thiy tinh hinh ciing gan gidng véi kich ban
2: vé d6 chinh xac khdng c6 mé hinh nao chiém wu thé hoan toan (cao hon) trong
cac truong hop lay dai dién trén mdi dic trung MFCCs (Bang 4.8 va Hinh 4.16).
Trong cac trudng hop lay dai dién thi lay dai dién mic dinh van c6 d6 chinh xéac
kém nhat trén tat ca mé hinh va thoi gian chay trudng hop nay ciing 13 cao nhét
trén tit ca cac mé hinh so véi cac truong hop khac, dic biét treong hop nay mo
hinh hoc may véc to hd tro con c6 d6 chinh xac thap hon nhiéu so véi cac truong
hop khac (Bang 4.9).
4.4. THAO LUAN

Trong s cac kich ban chay véi sé dic trung lan luot 12 13MFCCs,
26MFCCs va 39 MFCC véi bén truong hop lay dai dién trong céc kich ban lan
lwot 1a: 14y phan ti trung binh (mean), ldy mic dinh (phan tir dau tién), phan tir
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c6 gia tri nho nhat (min) va phan ta 16n nhat (max) cia véc to M ¢ cac toa do
duoc tao thanh tir cac gia tri twong ung cia moi dic trung MFCC trén cac khung
hinh (frame) chay trén tirng tép am thanh ta nhan thiy truong hop ldy gia tri
trung binh (mean) c6 do chinh x4c cao nhat trong cac kich ban (dat gan nhu tuyét
dbi trén 99.7%). Truong hop lay gia tri mac dinh c¢6 d6 chinh xac khdng 6n dinh
nhét trén cac md hinh va trong céc kich ban (tir 91% dén 97%). M6 hinh ring
ngau nhién cho do chinh xac on dinh nhét trong tat ca céc kich ban va trong tat ca
cac truong hop (tir trén 97% dén trén 99%), trong khi d6 cac mé hinh khac co do
chinh xac thay ddi rat nhiéu tir 94% dén trén 99% (md hinh cay quyét dinh va hoi
quy logistic), va tir khoang 92% dén trén 99% (v6i cac mo hinh con lai). V& thoi
gian tinh toan thi md hinh hdi quy logistic thoi gian chay nhanh nhat. M6 hinh
ring ngau nhién cé thoi gian chay 1au nhat tiép dén 1a mo hinh may véc to hd tro
(SVM). Xét trén toan dién ca vé thoi gian va do chinh xac trong cac kich ban va
cac truong hop thi khdng ¢6 mo hinh nao chiém wu thé hoan toan theo nghia do
chinh xé&c cao nhat, thoi gian thyc hién it nhat. Ciing tir nhiing két qua trén,
ching t6i dua ra goi y dua trén ca do6 chinh xac va thoi gian thuc hién tur viéc
trich xuat cac dic trung dén thuc hién trén cac moé hinh thi ching t6i dé nghi lua
chon mé hinh héi quy logistic véi 26 dac trung MFCCs va lay dai dién 1a phan ti
trung binh.

e Uu diém ciia phwong phdp dé xudt:

+ Xay dung duogc céc kich ban trich xuat dic trung MFCCs va cac trudng
hop lay phan tir dai dién cho mdi dic trung MFCC va thir nghiém véi bo di ligu
& Trung tdm nghién ctru ong va nudi ong nhiét doi, Hoc vién Nong nghiép Viét
Nam. Trong d6 dit liéu gdm hai nhan: Nhan dau hiéu ong chia dan (Swarming)
va nhan ong ¢ trang thai binh thuong (Non-Swarming).

+ Cai dat thtr nghiém véi mot s6 md hinh hoc may nhu: cay quyét dinh,
ring ngau nhién, may véc to hd trg, k-lang giéng gan nhat (k=5, k=10) va md
hinh héi quy logistic.

+ Do chinh xac phan l6p kha cao véi cac trudng hop lay dai dién cho mdi
dic trung MFCCs 1a phan tir mic dinh (khoang tir 92% dén 97%), trong khi do
cac trudng hop con lai 1a trén 98% dic biét 1a 1y dai dién 1a phan tir trung binh
thi do chinh xac phan lép dat gan nhu 100% nhu dd phén tich & phan 4.4,
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+ Thoi gian chay nhanh: Véi 40722 tép am thanh (file.wav), moi file co
d6 dai 3 giay. Mdi lan thyc hién trich xuat dic trung MFCC nhu da trinh bay &
trén va chay ca nim mé hinh phan 16p chi chiém 18-25 phdt.

+ Chi ra dugc truong hop tét nhat 13 13y gia tri trung binh lam dai dién cho
mdi dic trung MFCC va mé hinh phan 16p ph hop nhat (trén tat ca cac kich ban
va cac truong hop) cho dit liéu nay 1a mé hinh k-1ang giéng gan nhat, bo qua thoi
gian chay thi mé hinh ring nhiu nhién (Random Forest) cho d6 chinh xac on
dinh nhat. Néu wu tién ca vé thoi gian va do chinh xéac thi ching toi & nghi mo
hinh hoi quy logistic véi 26 dic trung MFCCs va lay dai dién 13 phan tir trung
binh dé phan I6p cho dit liéu nay.

e Han ché cia phwong phap dé xuit:

+ Chua thir nghiém duoc véi cac dic trung cu thé cua cac file &m thanh
nhu: trong tdm caa pho, do rong cua phd, ning luong tin hiéu trung binh cua file
am thanh,...

+ Chua chay duoc nhiéu mé hinh phan I6p khéc nhu cac mé hinh hoc sau:
CNN, RNN, ANN.

+ Chura thuc hién duoc chuyén am thanh sang phd hinh anh dé chay cac
mé hinh no-ron. Trong khi chay céc file anh méi 1a thé manh caa cac mang no-
ron.
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PHAN 5. KET LUAN VA KIEN NGHI

5.1. KET LUAN

Dé 4n nay da tim hiéu tong quan vé dit liéu &m thanh, dic trung &m thanh,
tim hiéu vé bai toan phan 16p. Pong thoi dé an ciing nghién ctu cac thuat toan
hoc may ap dung cho bai toan phan I6p dién hinh nhu cay quyét dinh, riing ngau
nhién, may hoc vector hd trg hdi quy logistic, va k- 1ang giéng gan nhat.

Bén canh d6, d& an ciing tim hiéu, nghién cau giai thuat lva chon dic
trung MFCC. Sau d6 t6i 4p dung vao bai toan nhan dang ddi twong dya trén am
thanh. Cu thé d4i twong trong nghién ctu nay 1a dir liéu &m thanh vé chia dan tu
nhién & ong va tinh trang thiéu chia cua ong. B6 dit liéu &m thanh nay duoc thu
tai Trung tdm nghién ctru ong va nudi ong nhiét doi, Hoc vién Néng nghiép Viét
Nam.

Ngoai ra, nghién ctu ndy ciing xét cac kich ban 1a chi lay 13 dic trung
MFCC dau tién cua céc file &m thanh; kich ban nira 12 1ay 13 dic trung dau tién
va 13 dao ham cap mot cua chiang 1a 26 dic trung MFCC cua cac tép am thanh
va kich ban thr 3 1a lay 39 dic trung am thanh. C4c kich ban dugc thuc hién bon
truong hop ldy dai dién cho mbi dic trung MFCC 1a: 1dy phan ti dau tién cua M
(day chinh la treong hop mac dinh khi xac dinh MFCC trong thu vién librosa cho
tap cac tép am thanh), lay phan tir nho nhit (min) trén véc to M, lay phan ter 16n
nhat (max) cua M, lay gi4 tri trung binh (mean) cua véc to M.

Két qua chi ra truong hop lay gia tri trung binh 1am phan tir dai dién cho
mdi dic trung MFCC trén cac file 4m thanh cho két qua tot nhat. Do chinh xac
dat trén 99.7%. Chlng t6i d& nghi md hinh hdi quy logistic véi 26 dic trung
MFCCs va lay dai dién Ia phan tir trung binh dé phan 16p cho dir liéu nay. Két
qua nay ciing 1a mot su goi Yy cho viéc lay dai dién cho mdi dic trung MFCC cho
trich chon dic trung trong viéc phan loai &m thanh, cu thé & day 1a 4m thanh ong.
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5.2. KIEN NGHI

- Nhu d3 chi ra ¢ phan han ché cua nghién ciu. Trong tuong lai, ching toi
s& tim hiéu thém cac phuong phap trich chon dic trung khac nhu mé hinh phan
I6p khac nhu cac mo hinh hoc sdu: CNN, RNN, ANN va thuc hién thir nghiém
V6i cac dic trung cu thé cua céc file 4m thanh nhu: trong tm cua pho, do rong
cua phd, ning luwong tin hiéu trung binh cua file am thanh, ...

- Tim hiéu thém viéc thuc hién dugc chuyén am thanh sang phé hinh anh
dé chay cac mé hinh no-ron. Trong khi chay céac file anh méi 1a thé manh cua cac
Mang no-ron.
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Rut trich MFCC cua

file 1:

PHU LUC

Kich thudc cda ma tran MFCCs X sé Frame trong file.wav tht nhit

(0_Qeen3105 O.wav): (39, 130)

mfccs: [[-3.0162225e+02 -5.6770343e+02 -5.6078253e+02 ... -

5.6915576e+02

-5.7236359e+02 -5.2062042e+02]

[ 1-3371736e+02

1.2978787e+02
[-4.5993225e+01

1.6646236e+01
[-4.4086128e-01
-1.2935636e+00
[-1.9544930e+00
-5.8417177e+00
[ 5-2074140e-01
-1.1487808e+00

1.2822083e+02 1.3943568e+02 ...

.2673549e+02]

1
1.4805899e+01 2.2534040e+01 ...
1

.3394249e+01]

1.6489916e+00 2.4335680e+00 . ..
.6950016e+00]
.1152272e+00 -5.3093415e-01 . ..
.5416050e+00]
3.1297982e-01 2.6073744e+00 . ..
.7133909e+00]]

1.3112314e+02

2.2432705e+01

7.0713758e+00

-1.5076618e+00

1.4884791e+00

gid tri dadu tién trén tung frame cua file.wav tht nhét
(0_Qeen3105_0.wav):

[-301.62225
5.2263546

33.25508 -
9.641236

6.962144
6.6884823

3.4454799
0.7439035

5.8531413
2.5964096

4.7266955
2.7496696

-2.3011847
1.5190207

-2.476883

133.71736

22.286139

-5.6509867

8.505168

3.1563604

0.6031545

-0.32245374

-0.44086128

-45.993225
37.39849
16.229042
.2364424
-53541195
1.863605

1.1005534

.954493

50

33.25535 -

-18.

|
=

|
w

023365

-1064825

. 728474 -

-5417595 -

.2594565

-4589458

5207414 ]



MFCC MECC2 MRCC3 MECCA MFCCS MFCC6 MFCC7 MFCC8 MECC9 MRCC_10 MECC L1 MRCC 12 MECC I3 MFCC 14 MRCC 55
160 DI 459550 BIEH S26% B D260 30819 180034 OK36 6624 565059 1620900 21068 666842

gid tri trung binh trén tung frame:

[-5.6668976e+02 1.3103934e+02 1.9087854e+01 7.1327225e+01

.6524992e+00
-5753031e+00
.7888672e+01
-3385620e+00
-3659544e+00
-8041172e+00
-3275099e+00
-3014898e+00
.6456193e-01

-8331326e+01

2.2229488e+01

.7513223e+00
-1911745e+00
-5226038e+00
-9783268e+00
-3648185e+00
-5654898e+00
-5357490e+00

.7313533e+00
-7750063e+00
-3910352e+01
-3188438e+00
-5702689e+00
-3520060e+00
.7792124e+00
.9882790e-01
-3694208e+00]

.0391275e+01
.4274504e+00
-9649639e+00
-5271111e+00
-3489943e+00
-3057799e+00
-4988022e+00
.8787186e+00

MFCCL MFCC2 MFCC3 MECCA MFCCS MFCC§ MFCC7 MFCC8 MFCC9 MFCC10 MECC_11 MFCC 12 MFCC 13 MFCC_ 14 MECC_I5
6669 131039 1908785 TL37I3 8599 4833130 AT 039UI8 S5TB 22099 706 1405 1788867 575132 1394055

gid tri nhoé nhét trén tung frame

min_values_per_frame:

[-579.9491 119.21466 -45.993225 33.25535 -5.2263546
33.25508 -22.286139 9.191466 -18.023365 9.641236
-1.8681679 -8.880687 7.033729 -6.6023993 4.3959284
-14.582114 -7.429231 -11.965993 -2.4002194  -17.859234
-15.833658 -6.3011475 -14.683865 -10.493055 -17.822098
-5.837042 -10.64846 -7.1446314 -14.078825 -10.842155
-7.415408 -15.193752 -13.274603 -13.697229 -6.000227

-11.743406 -10.208092 -14.986547 -10.825048]

MFCC1 MFCC2 MFCC3 MFCC4 MFCC5S MFCCH MFCC7 MFCC8 MFCC9 MFCC 10 MFCC_11 MFCC_12 MFCC 13 MFCC_14 MFCC_15
ST9.949 1192147 -45.9932 33.25535 -5.22635 3325508 -22.2661 9191466 -18.0234 9641236 -186817 -8.88069 7.033729 -6.6024 4395928

o1



gid tri 16n nhét trén tung frame

min_values per_ frame: [-301.62225

82.81587

64.15127
34.676514

21.21693

3.8207228
0.77879566

5.8760414
2.2104561

15.276368
10.7585945

12.939228
5.007368

17.538605
8.157434

11.874265
18.077168

14.942226

10.782095

9.664794
9.149814

147.95848 29.485634

37.39849 14.846053

29.338589 17.39907 24.66743
8.355494 16.376938

8.752022 12.497249

14.378485 7.251279

12.412324 7.344386 8.06173
2.1474037 3.3692346 ]

MFCC T MFCC2 MFCC3 MFCC4 MFCCS MFCCH MRCC T MRCC 8 MECC9 MFCC 10 MFCC 1T MFCC 12 MFCC 13 MRCC 14 MRCC 15
301622 1479585 2048563 8281587 1753861 6415127 8157434 37.39B49 14,8605 3467651 20.216% 1187427 2933859 1739907 2466743
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