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TOM TAT: Bai bdo nay trinh bay phwong phdp nhdn dang phuong ngiv tiéng Viét sir dung mang noron tich chdp CNN. Cdc nghién
curu hién nay ve nhdn dang phwong ngit tieng Viét méi sir dung cdc phwong phap hoc mdy truyén thong nhu K ldng giéng gan nhat
KNN, cdy quyét dinh, mdy hé tro vécto SVM. Nghién ciru ndy budc dau dp dung phwong phdp mang noron hoc sdu vao bai toan
nay. Qud trinh trich chon tham sé da biéu dién am thanh tiéng ndi & dang phé spectrogram. Kién triic mang dwoc chon lua thir
nghiém la mang noron tich chdp CNN. Két qua thir nghiém cho thdy phwong phép ndy di dat két qua vieot tréi so véi cde phirong
phép hoc may truyén thong.

Tir khéa: Nhin dang phicong ngit tiéng Viét, mang noron hoc sdu, phé tiéng néi spectrogram, mang novon tich chdp CNN.

I. GIOI THIEU

Nhén dang tw dong phuong ngir (Automatic Dialect Identification, viét tat 1a ADI) 1a mgt trong nhiing bai toan
quan trong trong ca linh vuc xu ly ngdn ngilr tw nhién va xir 1y tleng noi. Cac nghién clru vé nhan dang phuong ngir da
duogc thyc hién v6i ngdn ngir A rap [9], tiéng Thai Lan [10], tiéng Nhat [11], tiéng Anh My [12],.. . Tiéng Viét 1a ngon
ngir ¢ phuong nglr phong phi va da dang [1]. Mac du da c6 mot s6 nghién ctru nhan dang tiéng Viét noi [6] [7] [8],
song sd lwong nghi€n ctru nhan dang phuong ngir va anh hudng cua phuong ngtr voi hé thong nhan dang tiéng Viét néi
con chua nhiéu. Cac nghién ctru hién nay mdi chu yeu sir dung cac phuong phap hoc may truyén thong nhu K lang
giéng gan nhét, may hd tro vécto, mo hinh Markov an, mé hinh hdn hop Gauss, cdy quyét dinh,... [1]. Hau nhu chua c6
nghién ctru nao st dung ky thuat hoc sau vao vAn dé nay. Mang noron hoc sau hién nay dang nhan dugc sy quan tam
ctia nhiéu nha nghién ciru va duge ap dung hiéu qua trong nhiéu linh vuc trong d6 cé xir Iy tiéng néi. Vi vay trong bai
b4o nay chung toi trinh bay phuong phap st dung mot kién trac mang noron hoc sau rat phd bién hién nay la mang
noron tich chap (Convolutional Neural Network CNN) [5] cho van dé nhan dang phuong ngir. Su khac biét giita cac
phuong ngir thé hién & nhidu yéu té nhu nglr 4m, tir vung, ngr phap. Trong nghién ctru nay, chung t6i khai thac sy khac
biét vé ngit Am dé nhan dang phwong ngit tiéng Viét.

Phan tiép theo cua bai bao s¢ trinh bay phuong phap dé xuét, bao gdm qua trinh trich chon tham s6 phd
spectrogram va kién tric mang CNN str dung. Phén III trinh bay cdc thir nghiém nhan dang phuong ngir tiéng Viét trén
mo hinh dé€ xuat. Phan IV 1a két luan va hudng nghién curu tiép theo.

I. PHUONG PHAP DE XUAT
A. Trich chon tham sé

Céc tham s6 str dung 1a phd mel (mel-spectrogram). Hinh 1 mé ta so d6 khdi qua trinh tinh cac tham sé nay.

Am thanh Phan khung Tién xir ly Ham cira s6
p I
tiéng noi —
Céc tham sb Lay logarit Béng loc theo FFT
phdé Mel <+ < thang Mel |«

Hinh 1. Tinh phd mel ciia file m thanh tiéng noi

Céc file am thanh trong co s¢ dir liéu tiéng n6i VDSPEC [1] dwoc thu am véi tan s6 14y mau Fs = 16 kHz. M&i
file am thanh tiéng noi dupc thyc hién phan khung véi d6 rong khung 512 mau, do dich khung 256 mau. S6 hé s6 Mel
cho mo6i khung tin hi€u tiéng ndi 1a 96.

Do dac thu cua tin hi€u am thanh nén cdc file am thanh trong co s¢ dir liéu 6 do da}i khéc nhau, bién thién tir
1,52 gidy tdi 25,09 gidy [Hinh 2]. Vi vay chiing t6i dua ra hai phuong phép bi¢u dién tham so cho céc file am thanh:

e Phuong phép 1. Chuén héa chiéu dai file 4&m thanh. Mdi file 4m thanh dugc chon d6 dai chudn 1.52 gidy
(bao gom 96 khung). Véi cac file 4m thanh c6 d6 dai 16n hon thi chi chon doan 4m thanh 1,52 gidy nim &
giita file. Nhu vay toan b céc file 4m thanh déu duoc phan tich tham s6 phd mel véi kich thude 96 x 96 (96
khung, mdi khung bao gém 96 hé sé Mel). Phuong phéap nay dit tén 1a PARAMETER NORM.
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e Phuong phap 2. Str dung toan bd dir liéu file Am thanh. Mbi file 4m thanh dugc chia thanh cic doan 1,52
gidy. Nhu vay mdi file 4m thanh co sb lugng cac doan khac nhau. Vi du nhu mét file &m thanh c6 N doan,
khi d6 file 4m thanh nay dugc phan tich tham s6 phd mel véi kich thude N x 96 x 96. Phuwong phap nay duoc
dat tén 1a PARAMETER_FULL.

B. Mang noron tich chap CNN

Pé huin luyén mang noron tich chgp CNN ching t6i sur dung phuong phap biéu dién tham sb
PARAMETER_NORM. Moi file am thanh tiéng noi trong tdp huan luyén dugc bi€u dién bdi mot ma tr@n 96 x 96.
Pong thoi file am thanh nay cling dd xac dinh dugc phuong ngli twong ung. Nhu vay day la bai toan huan luyén co
giam sat.

254

20 A

15 A

Chiéu dai (giay)

10 A

1
Hinh 2. Phan bd d¢ dai cac file dit lidu trong co so dit liéu VDSPEC

Mang noron dé xuét sir dung trong bai bao nay la mang noron tich chap CNN. Kién trac modun co ban cia
mang CNN dugc mo ta c"{ Hinh 3, modun nay dugc chiing t6i dét tén 1a BM_CNN (Basic Module gf CNN). Trong hinh
nay ta thay mang CNN gom hai thao tac co ban la tich chap (Convolution) va thao tac chon 16n nhat (Max Pooling).

Convolution Max Pooling
(3x3) (2x2)
ELU
KxNxN MxNxN M x N/2 x N/2

Hinh 3. Kién trac mddun co ban trong mé hinh CNN (BM_CNN)
Thao tac dau tién 1a tich chép (Convolution):
e Dau vao 1a mot tensor N x N gdm K thanh phan. Vi du v6i anh déu vao thiN =96 vaK = 1.

e Thao tac tong chap sir dung ctra s6 c6 kich thudc 3 x 3. Cira s6 nay cho phép khoi tong chap ghi nhan dugc
cac mau co ban trong anh pho. Thao tac tong chap dugc thuc hién quét lan lugt tir trai sang phai, tir trén xudng
dudi. Cong thire (1) mo ta thao tac tinh tong chép tai mot vi tri cu the.

y ZI w,x;+b (1)

Trong cong thirc (1), X; bao gdm céc diém anh phd nam trong pham vi ctra s6 dang quét, nghia 1a bao gdm 3 x 3

diém anh pho. S6 gia tri phai quét nam tai ciing vi tri cho tit ca cac thanh phan, do vy s& c6 K x 3 x 3 gia tri X, va W, tuong
{g. Ngoai ra con thém 1 hé sb do 1éch b trong cong thirc nay. Do vay s6 tham s6 can thiét cho thao tic tong chap bao gdm

W, vab1aKx3x 3+ 1 tham sb. Do s bd loc sir dung 1a M bo loc, do d6 s6 tham s6 bao gom Mx (K x 3 x 3 + 1) tham sd.
Sau khi tinh tong chap, gia tri y dugc bién ddi phi tuyén boi ham ELU (Exponential Linear Unit). Him nay sé& gitip lam
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giam thiéu anh huong cua hién tuong suy giam gradient trong qua trinh huén luyén mang CNN [2]. Y nghia cua thao
tac tich chép la xac dinh kha nang xuét hién cic miu tai cac vi tri nhét dinh trong anh. M01 mau ndy dugce biéu dién
bang trong s ciia cira sd trong tng vai mot bod loc (3 x 3 trong truong hop nay). Tong sé mau ma mang can hoc chinh
1a s6 b loc M sir dung.

Trong nghién ctru nay thao tac téng‘chép dugc thyc hién ky thuét bd sung cac diém anh. Ky thuat nay dugc goi
1a padding. Muyc dich cua k§ thut nay nham dam bao thanh phan déu ra s€ c6 kich thudc giong voi thanh phan dau
vao. Vi ¢ day sir dung ctra s 3 x 3, do d6 chung t6i da stir dung padding 2 di€ém anh.

Thao tac thi 2 1a thao tac “Max Pooling”. Hinh 4 mo ta thao tac nay str dung bo loc 2 x 2 véi do dich 2. Vi mdi
ving anh kich thude 2 x 2 (twong tmg véi kich thude ciia bo loc), thao tac ndy s& tra vé gia tri diém anh 16n nhét. Nhu
vdy qua thao tac ndy, ta s& thu dugc mot anh méi c6 kich thude mdi chiéu giam mot nua. Y nghia cua thao tac nay la
cho phép ndi bat 1én dic trung c6 trong anh dong thoi lam giam kich thudc anh.

MAX POOLING
Single depth slice
x‘ 11|24
max pool with 2x2 filters
5|6 |78 and stride 2 6 | 8
3(2(1]o0 i 3|4
1(2]|3]|4
y

Hinh 4. Thao tac “Max Pooling” str dung trong mang CNN
Kién triic day du cia mang noron tich chap cho bai toan nhan dang phuong ngit tiéng Viét duge mé ta & Hinh 5:

e Khbi BM-CNNI1: 16p dau vao nhan anh spectrogram cé kich thudc 96 x 96 (thu dugc tir phan tich pho cua file
am thanh, xem phén ILA). Tét ca cac khbi tich chap dugc thuc hién théng nhét trong mang vai 128 bd loc
kich thuée 3 x 3 duoc khoi tao ban dau 1a gia tri ngu nhién tir 0 dén 1 v6i k¥ thuat padding. Trong khéi nay,
16p “Max-Pooling” sir dung bo loc kich thudc 2 x 2. Do d6 dau ra cta 16p nay bao gdbm 128 thanh phan véi
kich thudc 48 x 48. Khdi dit liéu nay sir dung lam dau vao cho khdi BM-CNN2.

o Céc khdi BM-CNN2 ¢4 tinh ndng twong tu nhau: 16p vao bao gdm 128 thanh phan véi kich thuéc 48 x 48.
Dau ra cua khoi la 128 thanh phan kich thude 24 x 24. Tuong tu cho cac kh6i BM-CNN3, BM-CNN4 va BM-
CNNS. Dau ra ctia khoi BM-CNNS 1a dit liéu 1 x 1 x 128, nghia 1a c6 128 gia tri.

BM-CNN 1 BM-CNN 2 BM-CNN 3
K=1 K =128 K =128
N=96 - =48 - N=24
=128 |:> M= 128 |:> M=128
Kich thude pool: Kich thudc pool: Kich thude pool:
2x2 2x2 2x2
L6p no ron lién két day BM-CNN 5 BM-CNN 4
di FC K =128 K =128
L&p dAu vao: 128 noron [ N =4 - N=12
Lép dau ra: 3 noron <:| M =128 ) M= }28
Ham truyén: softmax Kich thudc pool: Kich thude pool:
4x4 3x3

Hinh 5. Kién tric mang noron tich chip CNN sir dung cho bai toan nhan dang phuong ngir tiéng Viét

e Lép lién két noron diy du (FC: Fully Connected Layer) nhan vao 128 gia tri két xuat ra boi khdi BM-CNN5 va
duoc ket nbi ddy du véi 3 noron trong 16p (dai dién cho 3 phuong ngit). Nhu vay 16p nay c6 3x128 + 3 = 387
tham s6 (mdi noron c6 mot g1a tri d¢ 1éch b bén canh 128 trong so két ndi dén 128 gié tri dau vao). Lop nay sir
dung ham softmax dé biéu dién phan bd xéc suat cho ting phuong ngit.
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Nhu vay véi kién tric mang noron CNN dugc dé xuat ¢ hinh 5, ‘mang nay da chuyen d6i tir am thanh tleng n6i dau
vao thanh 3 gia tri biéu dién phan b xac suat tmg v6i 3 phuong ngit. Téng s6 tham s6 ciia mang 13 594947 tham sb.

C. Sir dung mang noron tich chap CNN nhin dang phwong ngie tiéng Viét

Do c6 hai phuong phap tham s6 héa file am thanh, do vy chung t6i ciing d& xudt phwong phap str dung mang
noron tich chdp & trén cho tirng phuong phap nay.

e Phuong phap 1 (PARAMETER_NORM): do v6i phuong phéap nay, mdi file 4m thanh dugc biéu dién boi ma
tran véi kich thudc 96 x 96, do vay dit lidu nay duoc dua truc tiép vao mang noron tich chap trén, va dau ra
cua mang noron tich chép chinh la phuong ngt nhan dang duogc.

e Phuong phép 2 (PARAMETER FULL): v6i phuong phap nay, mdi file 4m thanh dugc biéu dién bai mot tap
cac ma trén kich thuge 96 x 96. Chung t61 s dung phuong phap binh chon (voting): ting ma trn nay duoc
dua vao mang noron tich chap dé xac dinh duoc phuong ngit nhan dang, phuwong ngit ndo xuat hién nhiéu nhat
thi chinh 1a phuong ngit nhan dang dugc.

III. THU NGHIEM VA PANH GIA

A. Co sé div ligu tiéng néi

N B6 ngir liéu VDSPEC dugc ghi am tryce tiép tor nguoi nQi thdng qua viéc d(_)g céc doan van ban da duoc chuin bi
san. Van ban nay dugc to chirc theo 5 chu dé khac nhau bao gom: khoa hoc, dé{i song, kinh doanh, phap luat, 6 t6 - xe
may. Noi dung véan ban duoc thu thap tu dong tir bao dién tir vnexpress.net. Ticp theo, van ban dugc lya chon dé dam
bao sy can bang Ve thanh diéu voi so lugng céc tir cho m01 thanh diéu 1a xap xi nhu nhau, khoang 717 tur. Tleng nodi
dugc ghi &m v6i tan so lay mau la 16000 Hz, 16 bit cho mdi miu. Do tudi ctia ngudi néi trung binh 1a 21 tuo1 O do
tudi nay, tiéng néi da 6n dinh va thé hién rd duogc tiéng dia phuong. Méi phuong ngir ¢6 50 ngudi ndi bao gdm 25 nit
va 25 nam. Giong Ha Noi duge chon dai dién cho phuong ngir Bic, giong Hué cho phuong nglt Trung va giong Thanh

phd HO Chi Minh dai dién cho phuong ngir Nam. Véi moi chi dé, ngudi noi doc 25 cau, mdi cau c6 do dai ghi am
khoang 10 gidy. Tong thoi gian tiéng néi da ghi 4m ctia VDSPEC 14 45,11 gio, chiém dung lugng 4,84 GB bg nho.

Dé thuc hién nghién ctru nhan dang phuong ngir tiéng Viét, tir bo dir lisu VDSPEC & trén, chung toi tién hanh
xdy dung tap TRAIN dé sir dung huan luyén cac mo hinh hé thong, tap VALID dé diéu chinh cac tham s6 cua hé thong
trong qua trinh huén luyén va tap TEST dé danh gia. Dé danh gia khach quan, cac tip nay can doc lap voi nhau vé
nguoi ndi va vé chu d&. Do vay trong 5 chu dé, chung t6i chon 3 chu dé cho tap TRAIN, 1 chu dé cho tip VALID va 1
chu dé cho tap TEST. Vé ngudi n6i, mdi phuong nglt chon 15 nam va 15 nir cho tdp TRAIN, 5 nam va 5 nit cho tép
VALID va 5 nam va 5 nit cho tdp TEST. Két qua tip TRAIN c6 6750 céu tiéng noi, tip VALID va tap TEST mdi tap co
750 céu tiéng noi.

B. Cic phwong phdp truyén théng

Dau tién chung toi da thir nghiém nhan dang phwong ngit bang hai phuong phép hoc méy truyén thong: K lang
giéng gan nhat (KNN : K Nearest Neighbor), may hé trg vécto (SVM: support vector machine) véi su hd trg clia bo
cong cu Weka [3]. B tham s6 sur dung bao gém 384 hé sb do bod cong cu OpenSMILE [6] thuc hién. Day la dir liu
thong ké cta moi file ghi am. V&i moi file tiéng néi dugc trich chon dic trung, OpenSMILE sé& cho ra 384 hé so trong
d6 c6 cac dac trung sau:

- Nang lugng khung;

- Céc hé sé6 MFCC (Mel-/Bark-Frequency-Cepstral Coefficients (MFCC));

- Ty 1é bién thién qua truc khong (Zero-Crossing Rate);

- X4c suat &m hitu thanh;

- Téan sb co ban;

- Mbt sb dic trung pho (ndng lugng theo bang tan, dai qua do, trong tim phd, phuong sai...).

Céc déc trung nay lai duge biéu dién theo: cac gié tri va vi tri cuc bién, trung binh, momen, thong ké theo phan
tram, x4p xi binh phuong va tuyén tinh, trong tam, gia tri dinh, phan doan, cic gia tri mau.

Bang 1. Két qua nhan dang (d6 chinh xéc tinh theo ty 1& pha‘m trdm) phuong ngit tiéng Viét
su dung cac phuong phap hoc may truyén thong

Phwong phap Két qui thir nghi¢m trén tip TEST
K lang giéng gan nhat 61,8
May ho tro vécto 72,4

Két qua nhan dang phuong ngir sir dung KNN va SVM dugc m6 ta ¢ bang 1. Bang 1 cho thay phuong phap
may hd tro vécto cho két qua tt hon so v6i thir nghiém sir dung phwong phap K lang giéng gan nhét. Tuy nhién két
qué nhan dang ding cao nhit dat duge méi 13 72,4%.
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C. Nhdn dang phwong ngii voi mang CNN

Pé huén luyén mang CNN, ddu tién mdi file 4m thanh tiéng nodi dwoc phan tich phd theo phuong phap
PARAMETER NORM. Két qua mdi file am thanh duoc biéu dién boi ma trén véi kich thudc 96 x 96. Chung toi phat
trién giai thuat huan luyén va nhan dang mang CNN st dung bo cong cu Keras [4]. Hinh 6 mo ta su bién thién ciia ham
chi phi va d6 chinh xac nhéan dang trén tap VALID theo s6 lan lip trong qua trinh huén luyén.

1.0 18
—— Tap TRAIN
W . Tép VALID
0.8 4 F
AT 144
g 4
g y 12
2 061 f £
o
2 f —— Tap TRAIN = 1.0
3 f Tap VALID o \
5oal 7 5 081
2 041 T
@
= 0.6 - \“\\\
0.2 1 | ¥
0.4 a9
- \M
%0 20 a0 60 80 100 120 . f y y y ‘ ;
6o 0 20 40 60 80 100 120
Sé lan lap S6 lan lap

Hinh 6. Sy bién thién ctia ham chi phi (hinh bén phai) va d6 chinh xdc nhéan dang (hinh bén trai) trén tdp VALID theo $6 1an
1@p trong qua trinh huan luyén

Két qua ¢ hinh 6 cho thay khi s6 lan 1ap trong qua trinh huin luyén mang CNN ting Ién thi ty 1¢ nhan dang dung
v6i tap TRAIN ting dan, tuy nhién tir budc lap thir 40 thi ty 18 nay véi tap VALID lai gan nhu khong doi. Didu nay c6 thé
quan st twong tw v6i ham chi phi: v6i tip TRAIN thi cang huan luyén thi ham chi phi cang giam nhung véi tap VALID
thi tir budc 1ap 40 ham chi phi dao dong xung quanh mdt gia tri nhat dinh ma khéng c6 xu hudng giam rd rang. Vi vay
chung t6i 14y két qua mé hinh thu duoc & bude 1ap 40 dé tién hanh cac thir nghiém nhan dang phuong ngir tiéng Viét.

Hai thi nghiém nhan dang phuong ngit tiéng Viét da dugc thyc hién Ung voéi hai phuong phap
PARAMETER NORM va PARAMETER FULL (m6 ta ¢ phan I1.C). Két qua thur nghiém dugc mo ta & Bang 2.

Bang 2. Két qua nhan dang phuong ngir tiéng Viét (ty 16 %) st dung mang CNN

Phwong phap Két qua thir nghiém trén tip TEST
PARAMETER NORM 85,5
PARAMETER FULL 88,5

Két qua & Bang 2 cho thdy phuong phap PARAMETER FULL cho két qua nhén dang t6t hon phuong phap
PARAMETER NORM. Ngoai ra khi so sanh véi Bang 1 cho thay phuong phap dé xuat CNN cho ket qua nhan dang
trén tap TEST cho két qua vuot trdi so véi cac phuong phap hoc méy truyén thong nhu K lang giéng gan nhat hay may
hd trg vécto.

IV. KET LUAN

Bai bao nay trinh bay phwong phap nhan dang phuong ngir tiéng Viét sir dung mang noron tich chép CNN. Cac
nghién ctru hién nay vé nhan dang phuong ngir tleng Viét méi sir dung cac phuong phap hoc may truyén théng nhu K
lang giéng gan nhit KNN, ciy quyét dinh, may hd tro vécto SVM. Nghién ctru nay bude dau ap dung phuong phap
mang noron hoc sau vao bai toan nay. Qué trinh trich chon tham sé da biéu didn am thanh tiéng noi ¢ dang pho
spectrogram. Kién tric mang dugc chon lya thir nghiém 1a mang noron tich chép CNN. Két qua thir nghiém cho thay
phuong phép nay da dat ket qua vuot trdi (ty 1€ nhan dang dung dat 88,5%) so voi cac phuong phap hoc may truyén
thong bao gom K lang giéng gan nhét (ty 1é nhan dang dung dat 61,8%) va may hd trg vécto (ty 1¢ nhan dang dung dat
72,4%).

Trong nghién ciru tiép theo, chuing t61 s€ s dung mang CNN vao nhén dang tiéng Viét noi, cting nhur s tich hop
mo hinh CNN cho phuong ngir vao hé thong nay de lam tang ty 1€ nhan dang dung cua hé thong.
LOI CAM ON
~ Bai bdo ndy duoc thyc hién trong khudn kho dé tai nghién ciru khoa hoc cép truong “Nghién ctru xay dung hé
thong nhan dang phuong ngit tieng Viét st dung phuong phap hoc sau”, ma s6 T2016-PC-044 ctua Truong Dai hoc

Bach khoa Ha Ngi. Cac tac gia ch'gm thanh cam on Truong Dai hoc Béach khoa Ha Noi, Phc‘)ng‘ Khoa hoc Cong nghé,
Vién Cong nghé Thong tin va Truyén thong da ho trg dé chung t6i c6 the thuc hién thanh cong deé tai.
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VIETNAMESE DIALECT RECOGNITION USING CONVOLUTIONAL NEURAL
NETWORK

Nguyen Hong Quang, Trinh Van Loan, Pham Ngoc Hung

ABSTRACT: This paper presents the method of Vietnamese dialect identification using convolutional neural network. Current
studies on Vietnamese dialect r utilize traditional machine learning methods such as the K nearest neighbor, decision tree, support
vector machine. This study initially applied neural network methodology to this problem. The parametric extraction process
performed speech spectrogram. The chosen network architecture is the convolutional neural network. The results show that this
method has outperformed traditional machine learning methods.



