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ABSTRACT

Voice control is an important function in many mobile devices and smart home
systems, especially it is also a solution to help disabled people controlling
common devices in their life. This paper indicates a short-controlled speech
recognition method using MFCC (Mel frequency cepstral coefficients) and
convolutional neural network (CNN) models. The input audio data are wave files
that are assumed to be exactly 1 second in duration. A sliding window of size 30
ms with a step of 10 ms slides in turn over the input data to calculate the MFCC
parameters. Each input file will obtain 98 MFCC features, each MFCC feature is
a 40-dimensional vector (corresponding to 40 coefficients of Mel-scales filters).
The research has used 3 Neural Network models to classify these control speech
files: 1-layer Vanilla Neural Network model (1 softmax layer), Deep Neural
Network - DNN (with 3 fully connected hidden layers) enough and 1 output layer)
and the Convolution Neural Network model - CNN. Experiments were performed
on Google's "Speech Commands Dataset” dataset.
(https://ai.googleblog.com/2017/08/launching-speech-commands-dataset. html)
consisting of 65,000 samples divided into 30 classes. Experimental results show
that the CNN model achieves the highest classification accuracy of 94.5%.

TOM TAT

Piéu khién bdng giong néi la mét chire ning quan trong trong nhiéu thiét bi di
dong, hé thong nha théng minh, dac biét do la mot gidi phdp givip cho nguoi khuyét
1Gt 6 thé diéu khién duwoc cdc thiét bi thong dung trong cudc song. Bai bao trinh
bay mét phuwong phdp nhdn dang tiéng néi diéu khién ngdn siv dung ddic trung
MFCC (Mel frequency cepstral coefficients) va mé hinh convolutional neural
network (CNN). Dit liéu dm thanh dau vao la cdc file wave diroc gid dinh cé thoi
lieong diing 1 gidy. Mt civa s6 truot kich thieée 30 ms véi bude dich chuyén 10
ms lan luot trugt trén diF lidu dau vao dé tinh cdc thong $6 MFCC. V&i méi tdp tin
ddu vao sé thu duoc 98 dic trung MFCC, méi dic trung MFCC la m¢t vector 40
chiéu (twong iing 40 hé s6 ciia cdc b loc Mel-scales). Nghién ciru dd dé xudt sir
dung 3 mé hinh Neural Network d@é phén I6p cdc tdp tin tiéng ndi diéu khién nay:
MG6 hinh Vanilla Neural Network I layer (1 softmax layer), Deep Neural Network
- DNN (v6i 3 layers dn két néi ddy dii va 1 Iop output) va mé hinh Convolution
Neural Network - CNN. Cac thuc nghiém duoc thuc hién trén tdp dir liu “Speech
Commands Dataset” cia Google (htips.//ai.googleblog.com/2017/08/launching-
speech-commands-dataset.html) gom 65.000 mau dwoc chia thanh 30 I6p. Két qud
thiee nghiém cho thay mé hinh CNN dat dwge dg chinh xdc phén I6p la cao nhat:
94,5%.

30



Tap chi Khoa hoc Truong Pai hoc Can Tho

1. GIOI THIEU

Ngay nay véi su phat trién nhanh chong cuia cac
thiét bi di dong, viéc twong tac véi cdc thiét bi bing
cong nghé giong néi ngiy cang trd nén phd bién.
Céc san pham lién quan nhu Google Now hay
iPhone’s Siri déu khai thac cong nghé ra 1énh bang
giong noi. Google ciing di cung cép dich vu tim
kiém bang giong néi (Schalkwyk et al., 2010) trén
dién thoai Android va diéu khién hoan toan bang
tiéng néi co tén 1a “Ok Google” (Chen et al., 2014).
Trén thuc té, cong nghé phat hién tir khoa (KWS) 1a
mot k¥ thuat tiém ning dé cung cép giao dién hoan
toan ranh tay va diéu nay dac biét thuan ti¢n cho cac
thiét bi di dong so vdi viée gd béng tay. Va né cling
la ky thuat mong mudn trong cac tinh hudng nhr 1ai
xe hodc mot s6 truong hop khan cép. Vi hé thong
nhan dang tiéng noi didu khién thuong chay trén
dién thoai thong minh hodc may tinh bang, do d6 né
phai c6 do tré thap, bo nhé rat it va yéu cau tinh toan
nho. Do d6, muyc ti€u clia nghién ctiu la xay dung
mot hé théng nhén dang tiéng no6i voi nhitng tir khoa
dugc xac dinh trudc nham gitp tuong tac voi cac
thiét bi dya trén nhimg 1énh yéu cau. Tap dir liéu
dugc st dung trong céc thir nghiém cta bai bao nay
1a do nhém TensorFlow va AIY cua Google cung
cép, chira 65.000 tap tin 4m thanh dang WAVE cua
ba muoi tir khdc nhau (Warden, 2017). Mdi doan
am thanh kéo dai mt gidy va chira mot tr duy nhét,
theo cac yéu cau khac nhau chiang han nhu “yes” /
“no” hogc “up” / “down” / “left” / “right” hodc
“stop”/ ““go” mdi nhin chira 2377 tép tin am thanh.
Céc tir khéa niy c6 thé dugc cau hinh lai, do d6 cho
phép hé thong hoat dong linh hoat v4i cac nhan khac
nhau. Hé thong cb gang phan loai cac doan 4m thanh
voi thoi lugng mét gidy 1a "silence", " unknown"
hoédc mdt trong céc tir khoa duge xac dinh trude. Sau
do, st dung mo hinh Vanilla véi mot 16p sofimax,
mo hinh DNN 3 16p 4n va m6 hinh CNN d tinh xé4c
suét ciia timg nhan 4m thanh du vao va cudi cing
xuét ra nhan dy doén.

2. NGHIEN CUU LIEN QUAN

May hoc da dugc chiing minh 1a c6 kha nang
manh mé& cho bai toan phan loai. Mot ky thuét
thuong duoc su dung cho nhiém vu phat hién tu
khoa (KWS) la Hide Markov Model Key-
Word/Filler (HMM) (Rohlicek et al., 1989; Rose &
Paul, 1990; Silaghi & Bourlard, 1999 Silaghi,
2005). Trong cach tiép can tong quat nay, mdi tir
khoa s& duoc huan luyén véi m6 hinh HMM chinh,
va cac phan doan khong phai tir khoa cta tin hi¢u
tiéng noi s& dugc huan luyén véi mo hinh HMM phu
(Chen et al., 2014). Céc nghién ciru gan day da dua
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ra mot s6 md hinh khac duya trén cong thirc bién do
16n (Keshet & Bengio, 2009; Tabibianet al., 2011)
hodc mo hinh Recurrent Neural Network (RNN) (Li
et al., 1992; Fernandez et al., 2007). Cac ky thuat
nay cho thdy mot sd cai tién so véi cach tiép can
HMM, nhung c¢6 d6 tré trong dbi dai, vi chung yéu
cau xir 1y toan bo tiéng noi dé tim ving cua tir khoa
hoic liy dau vao tir mot khoang thoi gian dai dé du
doan tir khoa. Hé thong KWS hién tai cia Google
(Chen et al., 2014) stir dung DNN, h¢ thong nay t6t
hon hé thong HMM truyén thong va cling rat don
gian, yéu cau tinh toan tuong d01 thap hon. Tuy
nhién, mé hinh CNN ¢6 thé cung cip mot s cai tlen
hon so v6i md hinh DNN trong cac bai toan vé tir
vung 16n va nhé (Abdel-Hamid et al., 2012; Sainath
et al., 2013). CNN tdt hon DNN cho bai toan
KeyWords (KWS) chu yeu vi 2 1y do. Pau tién,
DNN chi can bo qua ciu tric lién két dau vao va
thay doi kich thudc cta né thanh cac vector cot. Tuy
nhién, d6i v6i tin hiéu 4m thanh thi cac biéu dién
phd cho thiy mdi lién quan rat chit ché vé thoi gian
va tan sd. Vi vay, voi CNN viéc mo6 hinh hoa cac
moi lién két cuc bd s& ¢6 loi va ¢6 hiéu suét tot hon
nhiéu so voi DNN. Thir hai 1a vé chét lugng chia s¢
tham sd, trén cung moét tac vu thi CNN co thé co it
tham s6 hon nhiéu so véi DNN, do d6 lam gidam
dung lugng b nhé va yéu cau tinh toan. Vi vay,
CNN s& ¢6 hiéu suét duoc cai thién va giam kich
thudc mo hinh so vdi DNN trong bai toan KWS.

3. NOI DUNG

3.1. Tap dir liéu va dac trung

3.1.1. Tap die liéu

Trong bai bdo sir dung bd dit lidu tiéng néi diu
khién cua Google, bao gdm 65.000 tép am thanh
tiéng noi v6i 35 tir khac nhau, mdi tép kéo dai trong
mdt giay. Tap dit liéu da duoc chia thanh cac danh
muc khac nhau nhu sd, dong vat, chi duong hodc tén
nguoi. Bing cach do, h¢ thong c6 thé duge huén
luyén véi cac muc dich cu thé hon. Tap dit liéu nay
dugc chia thanh ba phan, bao gom 80% tap huan
luyén, 10% tap danh gia va 10% thtr nghiém, va mdi
tap hop con ciia am thanh tiéng noi dugc phan loai
1a khoang lang, tir khong xéac dinh hodc tir khoa xac
dinh trudc duoc gin cac nhian khac nhau tuong tng.

Tir khéa: Lop tir khoa dugc gin nhan riéng,
chura mot tép hop céc tir ¢6 lién quan. Trong bai bao
nay cac tu nhu "up”, "down", "left", "right" dugc
chon dé thyc hién nhan dang tiéng néi.

Tir khong xic dinh: d6 1a nhirng doan am thanh
ghi lai cac tir phat am khong 1o c6 the thiic ddy mang
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hoc nhiing tiéng ndi ma cé thé duge bod qua hoic
dugc ghi lai.

Khoang ling: Lép nay chira am thanh trén moi
trudng yén tinh.

Ngoai ra, dé da dang hoa bo thong sb, tiéng on
dugc tron theo ty 1€ vao tap dir liu huén luyén. Cu
thé, am thanh tiéng on tir may moc va cac am thanh
hoat dong sinh hoat thudng ngay dugc chia thanh
cic phan doan nhé va tron ngau nhién vao cac mau
4m thanh huén luyén véi 4m luong thdp hon dm
luong nén 13 0,1 va tan s6 12 0,8

3.1.2. Rut trich dac trung MFCC

Trong bat ky hé théng nhan dang tiéng ndi tu
dong trich cac dic trung tot 1a budc quan trong dé
xac dinh ndi dung cua ngdn ngit va loai bo thong tin
khong lién quan nhu tiéng 6n xung quanh. Mel-
Frequency Cepstral Coefficients (MFCC) duogc gidi
thiéu boi Davis vao nhitng nam 1980, dugc st dung
rong rii trong nhan dang tiéng noi va da tr¢ thanh
cong nghé tién tién ké tir 46 (Fernandez et al., 2007).
Mel-frequency cepstrum (MFC) dai dién cho néang
luong phd ngan han cta am thanh, dua trén cac bién

Speech
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d6i tuyén tinh cosin ctia phd cong suét log trén thang
tan s mel phi tuyén. Budc dau tién trong nghién ctru
nay 1a chuyén déi tap tin am thanh sang cac dic
trung MFCC bang cach s dung thu vién API
librosa (Abdel-Hamid et al., 2012), va sau do su
dung cac dic trung hai chiéu nay dé huan luyén mo
hinh. Hinh 1 thé hién dang ph6 tin sb Mel va dang
song cua mot tap tin am thanh.

Mel-frequency spectrogram
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Hinh 1. Dang phd va dang séng ciia tap tin Am
thanh
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Windowi Bank IFFT Cepstrum

Hinh 2. So' d6 rut trich dic trung MFCC

So d6 rut trich dic trung dugc thé hién trong
Hinh 2. Trudc hét mot cira 56 phan tich 30 ms duogc
xac dinh va chia tinh hiéu tiéng néi thanh cac frames
thoi gian khac nhau bang cac cua s trugt voi buoc
dich chuyén 10 ms. Vi mdi mau tin hiéu 4m thanh 1a
1 giay, do d6 s€ c6 (1000 - 30)/10 + 1 = 98 frames
thoi gian, nhu thé hién trong Hinh 3. Sau khi trugt
ctra s0, Fast Fourier Transformation (FFT) dugc tinh
toan cho mdi frame dé c6 duogc cac dic trung tin sd
va ngan hang bd loc Mel-Scales duge ap dung dé
chuyén ddi cic frames Fourier. Budc cudi cling 13
tinh toan Discrete Cosine Transformation (DTC) dé
dugc vecto hé s6 40 chidu. Két qua ctia qua trinh nay
s& thu dwoc mot ma tran 2D [98 x 40] lam dau vao
cho mang neural.

1 second

Hinh 3. Dic trung cira s6 Excation
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3.2. Phuong phap
3.2.1. M6 hinh Vanilla voi mot lop Softmax

Pau tién, mot mo hinh Vanilla dugc xay dung
(Hinh 4) v6i duy nhat mot 16p an duoc két ndi day
da va mot 16p sofimax dau ra, diu vao ctia md hinh
nay la mét ma trén dac trung MFCC véi kich thude
98x40. M6 hinh don gian nay chi c6 mot phép nhan
ma tran va bias, so lugng cac nat dau ra cung gidng
nhu cc nhan, tong s6 lugng tham s6 va kién trac
céc 16p cia md hinh nay duge thé hién trong Hinh
5. M6 hinh Vanilla khong thé dua ra két qua chinh
xac nhung c6 thé hoat dong rat nhanh.

0
@

softmax

. ‘Predicted
-result

Input

98x40
MFCC

o
®

Hiden

®

Output

Hinh 4. Mé hinh Vanilla két no6i diy di
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Layer (type) Output Shape Param #

intput (Inputlayer)  [(Nome, 98, 40, )] 0
flatten (Flatten) @~ (None, 39200 o
densel (Dense) @ (None, 512) 2007552
pred (Dense) @ (None, 4) 2052

Total params: 2,009,604
Trainable params: 2,009, 604
Non-trainable params: 0

Hinh 5. Kién triic mang Vanilla

3.2.2. M6 hinh Deep Neural Network - DNN

M hinh thir hai duoc xay dung la mang DNN 3
16p 4n v6i 128 nat an trén mdi 16p va mot lop
softmax d4u ra duge thé hién nhu trong Hinh 6, moi
16p 4n sir dung mot don vi hiéu chinh tuyén tinh
(ReLU). L6p softmax chira nhan du ra cho mdi tir
khoéa dugc nhan dang. M6 hinh da st dung 3 16p an
vi trong thyc té mang neural 3 16p an két nbi dy du
thuong hoat dong t6t hon DNN c¢6 1 hodc 2 16p 4n,
nhung chi kém hon mét chut so véi cac DNN c6 4
16p 4n tré 1én. Mot kinh nghiém thyuc nghiém khac

® o

@

Layer 1

98x40
MFCC

Input

Dropout

1a st dung nhiéu nat an hon trén mdi 16p s€ dat dugc
d6 chinh x4c cao hon, mic dii n6 c6 thé dan dén tinh
trang overfitting. Trong bai bao nay ky thuét
dropout dugc sit dung dé ngan chin tinh trang
overfitting. i v6i cac 16p 4n, don vi tuyén tinh
higu chinh (ReLU) dugc sir dung nhu ham kich hoat
dé giam viéc tinh toan téng trong s6 diu ra tir 16p
trude do. Kién trac 16p va tong tham sb ciia mo hinh
DNN duoc thé hién nhu trong Hinh 7. So véi mé
hinh Vanilla mét 16p 4n, mé hinh DNN nay s& cho
két qua chinh x4c hon véi chi phi bd nhé nhiéu hon
va chi phi tinh toan cao hon.

Dropout
softmax

@ O

@
@

Layer 2
Hiden

O

Predicted
result

O

O

Layer 3
Output

Hinh 6. M6 hinh DNN
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Layer (type) = oOutput Shape @ Param #
input (Inputlayer)  [(None, 98, 40, D1 0o
flatten (Flatten) @~ (Nonme, 39200 0O

densel (Dense) @ (Nonme, 512) 2007552
dense2 (Dense) @ (Nome, 512) 262656
dense3 (Dense) ~(None, 512) 262656
pred (Dense)  (None, 4) ’ 2052

Total params: 2,534,916

2,534,916

Trainable params:
Non-trainable params:

Hinh 7. Kién triic mang DNN

3.2.3. Mo hinh Convolution Neural Network -

CNN

Mb hinh CNN rat phu hgp ddi véi bai toan phat
hién tr khoéa (KWS) (Sainath & Parada, 2015), vi
vay bai bao da trién khai mot kién tréc mang CNN
v6i hai 16p convolution, kién trac ctia mé hinh dugc
thé hién trong Hinh 8. Trong d6, mot sd 16p 16p
Convolutions (Conv) st dung nhiéu bd loc Conv dé
6 dugc cac dac trung khac nhau, 16p MaxPool giam
ty 1¢ 1dy mau bang cach thuc hién thao tac gidm so
lugng tham s va tinh toan trong mang do d6 kiém
soat dugc tinh trang overfitting, 16p Dropout chi giir
mot neural kich hoat voi mot xac suat p hodc dat nd
bang 0 dé kiém soat tinh trang overfitting, Lép tuyén

tinh thdp (Lin) thyc hién phép nhan va cong tuyén
tinh dé chuyén dau ra cua 16p Conv dén cac nit roi
rac, giam cac tham sé va tinh toan, kiém soat
overfitting, va 16p Kétndi day du (FC) luu gitr thong
tin diy du hodc dua ra dy doan softmax cudi cung.
Mo hinh CNN dugc xép cac 16p nhu trong Hinh 8.
Trong md hinh chi ap dung 2 16p Conv thay vi ép
dung cac 16p CNN rat sdu va 16n 1a dé han ché sd
luong tham s6. M6 hinh nay di dam bao duoc sd
luong tham sé dudi 250K, diéu nay kha thi déi véi
bai toan KWS c¢6 kich thudc nho trén thiét bi di dong
¢6 dung lugng bo nhé bi han ché. S6 luong cac tham
sO trong mo hinh ndy dwgc hién thi nhu trong
Béang 1.

Drop
Drop out S
out 'y y
== Predicted
Result
98x40 20x8x64 1x3 10x4x64 32 128 FC
MFCC Convl MaxPool Conv2 Lin FC (Softmax)
Hinh 8. Kién triic md hinh CNN
Bang 1. Tham s ciia Kién tric mang CNN
Loai Ht. Wd. Do siu Buéc Ht. Budc Wd. Tham s6
Convl 20 8 64 1 3 10.2k
Conv2 10 4 64 1 1 164.8k
Lin - - 32 - - 65.5k
DNN - - 128 - - 4.1k
Softmax - - 6 - - 0.7k
Total - - - - - 244 .4k
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4. THUC NGHIEM VA KET QUA

4.1. Qua trinh huén luyén

4.1.1. Khoi tao

Céc trong s6 dugc khoi tao ngiu nhién véi gia
trj trung binh bang 0 va d6 1éch chuan dugc chi dinh
dé khong bi mat can bang. Vi gia tri cudi cliing cua
trong s trong mang duoc huin luyén 13 chua biét,
nhung véi viéc chuan hoa dir liéu co thé gia dinh
rang khoang mot nira trong sé s& 1a duong va mot
nua trong s6 d6 1a am. Do do, cac trong sb duge diéu
chinh gén b.'?lng 0, boi vi néu moi nueral trong mang
tinh toan ciing mot dau ra, thi tit ca chung ciing s&
tinh toan cung mot dao ham trong qua trinh lan
truyén nguge va thyc hién cap nhat thong s gidng
hét nhau.

4.1.2. Kich thwoc I6 (Batch size)

Kich thuéc 16 cho dao ham béng 100. Béi voi
mdi budc dugc huin luyén ngau nhién 100 mau,
didu nay c6 thé s& lam mat mdi twong quan giita
chung va 1am cho mang hoc hiéu qué hon. Trong mé
hinh kich thudc 16 dugc chon 1a khac 1 dé tranh
overfitting. Tuy nhién, kich thudc 16 ciing khong
duge qua 16n, vi viée huén luyén mot mang nueral
¢6 thé tén nhiéu chi phi tinh toan. Vi vy, gia tri nay
1a sy danh doi giira hidu suét va gidi han phan cting.

4.1.3. Téc dj hoc (learning rate)

Téc @6 hoc 1a 0.001 cho tong sé 5/6 bude dau
tién, tiép theo 1a 0.0001 cho dén cudi. Téc do hoc
cho budc sau twong dbi nho hon dé tinh chinh méd
hinh cho cac budc sau do.

4.1.4. Phuong phap cdp nhat

Mot nhuge diém ciia phuong phap giam dao ham
ngau nhién 1a huéng cap nhat phu thugc hoan toan
vao 16 hién tai. Vi vay trong bai bido da ap dung
phuong phap ban cdp nhat Nesterov Momentum
hoat dong tot hon. Pau tién 1a cap nhat mot bude
theo hudng ban dau, sau do tinh toan dao ham sira
hudng cap nhat cudi cung, duoc biéu thi bang cong
thure nhu sau:

Xepq = X¢ + Axy (4.1)

PXe—1 —NAf (g +Pxe—q)  (42)

Trong do, n la ty 1€ hoc, va p gia tri xung lugng.
Trong giai doan dau, dao ham tuong ddi 16n véi gia
tri ban dau p 1a 0,5 trong khi d6 chon p 16n dé co
dao ham nhé. Trong bai bdo nay gia tri xung lugng
p dugc gan ting dan qua cac budc véi gia tri 14 0,5,
0,9, 0,95, 0,99 (http://cs231n.github.io/neural-
networks-3/)

Ax, =
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4.1.5. Cross Entropy

Déi voi mbi mo hinh, 16p cudi cing sir dung mot
bd phén loai softmax véi cross entropy L dé udc tinh
cho moi nhan dau ra phia sau dugc thé hién bang
cong thuc sau:

l efyi
—L0 e
g Zjefj

Trong d6 f;(z) =

L= (4.3)

— la ham softmax

4.2. Két quava thao ludn

Bai bao sir dung accuracy, precision, recall and
loss 1am thudc do hiéu sut cia mo hinh, dong thoi
cling vé duoc hai loai dd thi duong cong ROC/AUV
va d0 thi dudng cong precision-recall dé ching
minh hi¢u sudt ciia 3 mo hinh: Vanilla 1 16p an,
Deep Neural Network va Convolution Neural
Network. Cac s6 liéu duoc tinh toan dya theo cong
thue sau:

TP
TP+FP

TP )
TP +FN @
Trong mot bai toan phén loai khong can bang vai
nhiéu hon hai 16p, Precision dugc tinh béng tong )
true positives (TP) trén tat ca cac 10p chia cho tong
sO true positives va false positives (FP) trén tat ca
cac 16p:

Precision = Sum c in C TruePositives_c/Sum c in
C (TruePositives_c + FalsePositives_c) (3)
Tuong tu nhu trén Recall duge tinh bang tong )
true positives (TP) trén tat ca cac 10p chia cho tong
sO true positives va false nagatives (FN) trén tat ca

cac 16p:
Recall = Sum c in C TruePositives ¢/ Sum c in C
(TruePositives_c + FalseNegatives c) (4)

4.2.1. D¢ chinh xdc va Mat mat

Precision =

()

Recall =

Trong bai bao st dung 6 nhan (label)
"up"/"down"/"left"/"right"/  "silence"/"unknown"
cho bai toan KWS, dugc thuc hién 33.000 budc
huén luyén cho 3 m6 hinh va ctr sau 400 luot s& thuc
hién kiém tra danh gia. Sau qué trinh hnén luyén s¢€
thuc hién dy doan trén tap dit liéu test dé c6 duoc do
chinh xac ciia mo6 hinh trén tép dir li¢u thtr nghiém
két qua dugc thé hién trén Hinh 9 va Bang 2.
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p 2.5 3
Training step <10%
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Hinh 9. P chinh xac ctia 3 mé hinh trén tap
danh gia

Béng 2. So sanh d¢ chinh xac
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Hinh 10. Ma tran hén loan cho CNN

Mo hinh D§ chinh xac trén tip Validation D9 chinh xdc trén tip Test Loss
CNN 95.1% 94.5% 0.190
DNN 72.5% 71.9% 1.048
Vanilla 57.3% 56.7% 3.640

Trong ma tran hon loan & Hinh 10 cho mé hinh
CNN, cac cot dai dién cho mdt tap hop cac miu
dugc dy doan la ‘silence”, "unknown", "up",
"down", "left", "right" trong d0 tat ca cac gia tri tai
cac vi tri déu rat nho ngoai trir dudng chéo trung
tam, diéu nay cho thay ring mo hinh CNN rét it bi
sai lam.

422 Thu hoi (Recall), Do

(Precision), ROC va AUC

chinh xac

Céc gia tri Recall, Precision dugc tinh theo cong
thac (1, 2, 3, 4) voi ma tran hdn loan trén bo dit lidu
thr nghiém dat Kkét qua nhu thé hién trong Bang 3.
C6 thé thdy rang hai dai lwong Precision va Recall
bang nhau 14 cac s6 khong 4m va nho hon hodc bang
mot.

Béng 3. Gia tri Recall va Precision cho 3 mé hinh

Cnn Dnn Vani
Gia tri Precision 0.9454 0.7866 0.5416
Gia tri Recall  0.9454 0.7866 0.5416
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Dong thoi, hiéu qua ciia mo hinh duoc danh gia
dya trén viéc thay d6i ngudng (threshold) tir 0 téi 1
va quan sat gid tri cia Recall va Precision. Céc
duong cong ROC/AUC duoc vé dua vao cach tinh
sau:

Gia str co N ngudng dé tinh precision va reccall,
véi mdi ngudng cho mot cip gia tri precision, recall
1a P,R,,n=1,2,..,N. ROC/AUC duoc v& bang
céch vé timg diém c6 toa do (R,,, P,) trén truc toa do
va ndi chung lai v6i nhau. AUC duogc xac dinh béng:

AUC = ) Ry = Ru-)By
n

Trong d6 (R,, — R,_1)P, chinh 1a dién tich hinh
chit nhét c6 c6 chiéu rong (R, — R,,_,) va chiéu cao
P,, day ciing gan véi cach tinh tich phan duya trén
cach tinh dién tich cta tirng hinh chit nhat nho.

Céac duong cong ROC/AUC dugc minh hoa
trong Hinh 11, dong thoi so sach duong cong cua 3
mé hinh Valli, DNN va CNN nhu thé hién trong
Hinh 12.
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Hinh 11. Recall va Precision cho Vanilla, DNN, CNN

Nhing két qua nay cho thiy CNN hiéu qua hon
DNN va Vanilla, voi 18,6% cai tién twong dbi vé gia
tri Precision so véi DNN va 72,3% so véi Vanilla,
37,4% so v&i DNN va 61,8% so v&i Vanilla vé gia
tri Recall, trong d6 Precision cao lién quan dén ty 1&
duong thdp va Recall cao lién quan dén ty 1¢ 4m
thap.

Roc Curve

S —

| i ——CNN
: . ——DNN
—— Vanilla

True positive rate
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o

0.2 0.4 6 0.8
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Hinh 12. So sanh dudng cong ciia 3 mo hinh

Puong precision-recall cho thiy su danh doi
gitra Precision va Recall cho cac ngudng khac nhau.
CNN c6 dién tich duong cong bao phii cao nhét thé
hién cho ca recall cao va precision cao. Piéu nay c6
nghia 1a m6 hinh CNN dang tra vé két qua chinh xéac
(d6 chinh x4c cao), ciing nhu phan 16n cac két qua
tich cuc (recall cao).

ROC/AUC cho thdy ring md hinh CNN dat
dugce nhicu AUC hon, va ting dang ké & mot ty 1¢
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duong gia rat thap, d6 1a mot két qua mong mudn
cho h¢ thong nhan dang tiéng ndi dicu khién.

Ngoai viéc thuc nghiém voi gidi han 6 nhan dau
ra nhu "silence", "unknown”, "up", "down", "left",
"right”, trong nghién ctru ny ciing da tién hanh thuc
nghiém trén toan b tap dir liu tiéng n6i diéu khién
tir Google, bao gom 65.000 tap tin am thanh tiéng
n6i v6i 35 tir khac nhau. M6 hinh dwgc huin luyén
v6i 60 epochs, két qua thuc nghiém cho thay rang
mo hinh CNN hoat dong rat tot va cho két qua do
chinh xéc trén tap dit ligu thir nghiém dat 94.5%. Két
qua duogc thé hién trong Hinh 13 va ma tran hon loan
nhu Hinh 14.

Categorical accuracy

100
=~ ftrain

test
095

090

accuracy

15 5

epoch

10

Hinh 13. Két qua huén luyén mé hinh CNN trén
toan b tap dir liéu
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Hinh 14. Ma tran hén loan CNN trén toan b tip dir li¢u

4.2.3. Két qua doi sanh

Trong bai bao nay, da su dung 3 md hinh
Vanilla, DNN va CNN cho bai toan KWS. Ca 3 md
hinh nay déu khai thac bo phan loai softmax va khai
théc dic trung MFCC. Két qua thir nghiém cho thay
mo hinh CNN vuot trdi hon hai mé hinh con lai va
dat dugc do chinh xac twong d6i 1a 31,43% va
66,67% d6i v6i DNN va Vanilla; 82% va 94,8% vé
loss; 18,6% va 72,3% vé gia tri chinh xéac; va 37,4%
va 61,8% vé gia tri recall. Két qua ciia md hinh ciing
dugc so sanh véi mot sb cong trinh khac thuc hién
trén cling mot bo dir liu tiéng noi didu kién tir
Google bao gdbm 65.000 tép 4m thanh tiéng noi véi
35 tir khac nhau dugc thé hién trong Bang 4, md
hinh DenseNet-121 (McMahan & Rao, 2017).
ConvNet on raw WAV (Jansson, 2018). Két qua md
hinh CNN trén tap dir liéu tiéng néi diéu khién dugc
thé hién cubi cung:

Bing 4. Két qua ddi sanh d chinh xac trén tap
dir liéu tieng néi di€u khién tir Google

Accuracy (%)

Model 35 Word
DenseNet-121 No pretrain, no

. 80.13
multiscale
DenseNet-121 No pretrain,

. 82.11
multiscale
ConvNet on raw WAV 89.4
CNN 94.5
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Trong bai bao, bo dir lidu tiéng noéi didu khién
ctia Google bao gdm 65.000 tép am thanh tiéng néi
véi 35 tir khac nhau duoc sir dung, mdi tép kéo dai
trong mot gidy dé thuc hién cac thuc nghiém nhén
dang tiéng néi trén 3 mo hinh d6 13 Vanilla mot 16p
4n, DNN 3 16p 4n va mo hinh CNN. Két qua cho
thiy mo hinh CNN thuc hién t6t hon cac mé hinh
con lai va dat do chinh xac 1a 94,5%. Mot han ché
ciia mo hinh CNN 1a s6 lugng nhan 16n trong
ConvLayer thtr hai do cac anh xa dau vao 3 chiéu
trai dai trén mién thoi gian, tﬁn sO va dac trung. Vi
vdy, trong nhimg nghién ctru tlep theo s€ di sau vao
mdt sb kién traic CNN moéi voi s6 nhan it hon va két
qua trong tuong lai c6 thé kha thi dé thyc hién diéu
khlen bang tiéng noi trén mot s thiét bi han ché tai
vé nguyén phan cing.
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