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TOM TAT

Nhan dién giong noi la mét bai toan thu hut dwec quan tam rong rai clia nhiéu nha nghién ctru trong Iinh vwe tri
tué nhan tao trong nhixng ndm gan day. Chang han nhw bai toan xay dwng chwong trinh dé robot cé kha néng nhan
biét giong ndi clia con ngudi, hay cac thiét bi cé thé hiéu va dbi thoai truc tiép véi ngudi cing néi chuyén. Trong
nghién ctru nay, 37 sinh vién ctia Hoc vién Noéng nghiép Viét Nam tham gia dé thu thap dir liéu phat am lién tuc 29
chi cai trong bang chir cai tiéng Viét. Qua budc tién x ly div liéu dé trich xuat ra cac mau am thanh thuéc tinh cho
phan 16p, phuong phap nhan dang ching t6i st dung d& nhan dién cac mau giong néi 1a deep Boltzmann machine
(DBM), mdt mang cé kha nang hoc sau véi kién tric nhidu tng 4n. D& danh gia kha néng nhan dang ctia phwong
phap dé xuét, ching t6i so sanh DBM v&i mang noron truyén thdng (NN) co cung kién tric sb tAng &n. Két qua cho
thay kha nang nhan dang cac mau am thanh chi cai tbt hon ctia DBM véi kha ndng hoc cho dod chinh xac trung binh
la 68% trén di¥ liéu dao tao va 51% khi thtr voi dir liéu test, trong khi két qua nay ctia NN 1a 61% va 48% twong (ng.

Tl khoa: Tri tué nhén tao, hoc mdy, mang noron, may Boltzmann, hoc sau.
Speech Recognition of Vietnamese Alphabet using Deep Boltzmann Machines

ABSTRACT

Speech recognition has been attracting many researchers in the field of artificial intelligence recently. For example,
the problem of implementing a program for robots to recognize human speech, thereby robots can understand, learn
and talk with human. In this study, 37 students from Vietnam National University of Agriculture were involved to acquire
speech data of 29 letters in Viethnamese alphabet. The data were preprocessed to extract featured voice chunks for the
classification. We then used the deep Boltzmann machine (DBM) as a deep network with stacked hidden layers. To
evaluate the proposed method, we compared the learning performance of DBM to a neural network (NN) with the same
network structure configuration. The results showed that DBM performed better with accuracies of 68% on the training
dataset and 51% on the test dataset, while the respective figures for NN were 61% of training and 48%.

Keywords: Artificial intelligence, machine learning, neural network, Boltzmann machine, deep learning.

hoc ngdn ngii d6 c6 thém nhiéu tién ich trong

1. DAT VAN DE

Nhan dién giong néi la mot bai toan thu hit
dugc quan tAm réng rdi cua nhiéu nha nghién
ctiu trong linh vuc tri tué nhan tao ching han
nhu bai toan x4y dung chuong trinh dé robot
biét nhan biét giong néi cua con ngudi, tit d6
phat trién dé robot c6 thé hiéu va d6i thoai véi
ngudi cung néi chuyén (Kazuhiro & cs., 2010).
Hay trong cong nghé gido duc, viéc nhan biét
chinh x4c cach phat Am cta mot ti cting 1a mot
viéc lam can thiét dé trg giip cho ngudi bit dau

rén luyén cach phat &m va nhan biét Am chudn.
Tuy nhién ngdn ngii va giong néi cb yéu t6 viung
mién. Vi vay, dé mét chuong trinh may tinh
nhan biét duge su da dang cach phat am cua
mot ngdn ngti thong nhat ciing 14 mot bai toan
cin giai quyét kha ning nhan dang Am va giong
néi ma 6 dé6 dé chinh xac phu thudc vao kha
ning phan 16p véi dit liéu day di nhat 6 thé.

R6 rang, viéc tiép nhan ngdén ngii v6i con
nguci 14 mot qua trinh hoc va linh héi ting
bude. Pidu nay cang thé hién chi tiét hon véi
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viéc hoc mot ngoai ngti ndo d6 hoidc véi tré em
bét d4du di hoc. Cu thé, dé hoc néi duge hoic
phéan biét ting chi cai trong mot ti thi nguci
hoc ting buéc hoc cach phat Am cha ting chit
cai dé6 hodc hoc cach phat Am ca cum cia mot tir.
V6i mot ti dién dién té thi cach phat Am cua
mot tir, mot chii cai déu 14y cach phat Am 6 mot
ving nao d6 lam chuén. Véi ngii giong khac
nhau thi sy phat 4m cta ngudi hoc so v6i mot
am chuéin c6 su thay d6i 6 mdi ngudi vé am
lugng, ngii diéu, tan so.

Vé ting dung nhan biét cich phat am tu,
trong mot nghién ctiu gan day (Samuel & cs.,
2018) nhém téac gia dd nghién ctu mot mo hinh
ma robot c6 thé nhan biét cach phat Am cia tré
va dua ra trg giap cho dta tré rén luyén duge k§y
nang néi. V& mat ky thuat, qua trinh nay gém
viéc nhan biét Am thanh giong néi va nhan biét
ngii nghia ctia ngdn ngii nhan dudgc.

Vé6i y tudng tuong tu cho tiéng Viét, mot
ngdn ngii c¢6 nhiéu giong diéu khic nhau giiia
hai mién Bic va Nam (James & cs., 2010;
Hoang Thi Chéau, 1999; Phuong & cs., 2008),
muc dich cia nghién ctiu nay nham xay dung
tiing budc mot chuong trinh may tinh c6 thé
nhan biét chii cai thong qua nhiéu giong phat
am khac nhau, din tiing budc phét trién 1én
nhan biét ti, cAu trong tiéng Viét, ciing nhu
phat trién chuong trinh trg gitup ngudsi hoc phat
am tiéng Viét trong tuong lai.

Viéc trién khai cac tng dung cta tri tué
nhan tao vao nhan dién cac hoat dong ctia con
ngudi da va dang thu hut rat nhiéu nhém
nghién ctu. Ching han nhu nhém nghién ciu
cia Thinh & cs. (2018), hay nghién ciiu cta
Orken & cs. (2019) cho thay nhiing nghién ciiu
trién khai tng dung cta thi gidc may tinh va
hoc sdu vao nhan dién hoat déng ctia con nguoi.
Cac nghién cttu d6 déng gép thém vao kha niang
tng dung da dang cua tri tué nhan tao trong
thuc té.

Gan day, cac phuong phap cua hoc sau da
chting t6 kha n#éng tng dung cao vao cac bai
toan phan tich dit liéu 16n va né dang cuén hit
(Lecun & cs., 2015;

nhiéu quan tam
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Schmidhuber, 2015). Vi nhiing thuat toan hiéu
qua dudc trang bi cho viéc xay dung cic mang
nhiéu tdng, qua d6 nang cao kha ning biéu dién
va nhan biét thudc tinh cta dit liéu théng qua
hoc khong giam sat ching han nhu CD-k
(Hilton, 2012). Trong nghién ctu trudc day,
chiing t61 da st dung phuong phéap ctia hoc may
dé nhan biét cdc miu séng sibu 4m vé dong
mach vanh tim ngusi (Kuong & cs., 2017;
2018a; 2018b). Cu thé, ching tbéi da st dung
DBM trong cac nghién ctiu d6. Cac két qua tng
dung kha ning hoc cia DBM 1a co sd cho ching
t6i stt dung dé giai quyét cho bai toan nhan dién
giong noi trong nghién ctu nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Thu thap dw liéu

Dt liéu duge st dung trong nghién ctiu nay
dua trén su tham gia cia nhém goém 37 sinh
vién tinh nguyén (19 ntd, 18 nam) khoa Cong
nghé thong tin, Hoc vién Noéng nghiép Viét
Nam, ho da déng ¥ tham gia cho thu 4m giong
néi cia minh. Trong khau thu thap di liéu,
chung t61 dya trén cac buée sau:

Buéc 1: Thiét k& bang thu thap di liéu bao
gom thong tin vé du an nghién ctiu, muc dich
nghién ctiu, cic thda thuin xin di liéu, cam két
st dung dii liéu va théng tin ngusi phu trach.
MGéi ca nhan tham gia qua trinh thu mau hoan
toan dugce phé bién cac théng tin nay va ky thoa
thuan tu nguyén ciing nhu tinh than sin sang
trg gitp cho nghién ctu.

Buéc 2: Tim hiéu thiét bi thu 4m thanh.
Dua trén diéu kién vat chit va tim hiéu cac
phan mém thu Am. Cau hinh cach dit thiét bi
thu 4m, chdng han nhu, tan s6 14y mau, ciu
tric tép Am thanh thu duge. Chiing t6i di dén st
dung phan mém windows recorder, dudc xem la
thu4n tién trién khai véi nhém nghién ctu.

Buéc 3: Lén qui trinh va tap huan 14y mau
gdbm: (i) phé bién cho ngudi tham gia 14y mau vé
muc dich va cam két dam bao théng tin, (i) tap
huan cho ngudi phu trach thu Am vé qui trinh
nay, va (iii) tién hanh thu 4m sau khi d lién lac
v6i cac sinh vién tinh nguyén.
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Két qua cac mau am thanh thu dugc 1a 37
tép 4Am thanh cta 37 sinh vién tinh nguyén,
trong d6 mdi tép la giong phat Am lién tiép cua
29 chii cai trong bang chii cai tiéng Viét dua
theo tit dién tiéng Viét cia Hoang Phé (2010).
Biéu dién dang séng cia mot tép Am thanh duge
minh hoa 6 hinh 1.

2.2, Xt ly va trich xuit doan A4m thanh
thudc tinh

Dé tién xu 1y, chudn hoéa di liéu va trich
xuit doan 4m thanh thudc tinh phuc vu cho hoc
va phan 16p (mang phén 16p dudc trinh bay
trong muc 2.3), trudc hét tan s6 14y maiu dudc
ching t6i 14y chuédn 1a FS = 22.050 mAau/gidy.
Thong thuong, di liéu ching téi thu am c6 2
mutc tdn s6 1ldy mau 14 44.100 mau/gidy va
22.050 mau/giay.

Quan sat ¢ hinh 1, dé thay riang dua vao
bién d6 dao dong cho ta xac dinh viung tuong
ing v6i giong phat Am ctia mot chi cai nao do.
Khi thiét lap mot ngudng ngit cta bién do thi
cho phép ta tach cac viung tuong ting v6i moi
nhén la cac chit cai tuong tGng, d6 la cac vang
quan tdm (ROI) cho viéc trich ra cac doan am
thanh thudc tinh phuc vu cho viéc phan 16p. Khi
thong ké ti dii liéu ching tdi c6 dugce trung binh

khodng thdi gian cho cac viung d6 khoang 0,7
gidy, nghia 1a c6 kich thudc bang 0,7*FS.

Pé xac dinh cac ving 4m thanh tuong tng
v6i nhan 14 cac chii cai, trude hét ching t6i dua
vao cac diém dinh (peak points) & d6 theo téc do
phat Am trung binh 1a 0,7*FS cho méi chii cai
nén cac diém dinh phai cach nhau tuong tu la
0,7*FS. Vung 4m thanh thudc tinh quan tdm sé
duge trich ra xung quanh cac diém dinh. Mbi
ving séng Am tuong Gng véi mdi chii cai cho
thdy bién d6 6 viing d6 dude dao dong manh hon
nhu duge thé hién ¢ hinh 2.

Khi viing 4m thanh dude xac dinh, 18y diém
trung vi chia d6i ning lugng séng Am cua ving
d6 lam tdm, doan 4m thanh thudc tinh c¢6 d6 dai
1a 0,7*FS 14y trung vi lam diém gitia dudc xac
dinh 1a doan Am thanh thudc tinh tuong Gng véi
mobi chit cai. M6 ta séng Am cua mét chit cai va
diém trung vi dugc thé hién 6 hinh 3.

2.3. Mang deep Boltzmann machine

2.3.1. Mang restricted Boltzmann machine
(RBM) chuan

Mang restricted Boltzmann machine (RBM)
12 mét kiéu mang noron hoc phan bd xac suét
cua dit lidu ddu vao, & d6 vé kién tric, nd su
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dung céc bién trong tdng 4n h = (h,, hy,.., hy) dé E(X,h) = _Zwijxihj _Zbixi _zcjhj (1)
hoc phan phéi ctia cic bién biéu dién dit liéu can ij i i

hoc hay dit liéu input x = (x;, X,,..., Xy). Moi don Phan phéi déng thdi P(x, h) cta va dudc xac
vi x; ¢6 su két ndi véi trong s6 w;; t6i mdi don vi  dinh bdi phuong trinh (2) sau:

h;. Kh()\ng cqc’) su ké&t néi \gifia céc. don vi trong exp (—E (x,h))

cung tang 4n hay cung tang di liéu. Cac trong P(x,h) R W SV (2)
s6 b, va ¢; phan anh muc d6 tac dong cua moéi Z

don vi x; va h; tuong tng trong mang. Mang 6 d6 Z 1a hing s6 chuén héa. Xac sudt cé
RBM hoc thong qua viéc diéu chinh ham ning diéu kién cho cac don vi h; va x; duge xac dinh
lugng xéc dinh bdi céng thic (1): dua theo phan phéi Boltzmann béi (3) va (4):
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Mang RBM chuén dudc mé ta nhu 6 hinh 4.

Mang RBM chuén dudc trang bi thuat toan
CD-k (Hilton, 2012), né cho phép mang c6 thé
hoc khong giam sat (unsupervised learning)
phan phdi dong thdi gitia cac don vi tAng 4n va
tang input. O mét nghia nao d6, tAng 4n tham
gia vao hoc phan phéi cia input va déng vai tro
lam rdt ngén s6 chiéu cta tang input.

2.8.2. Mang restricted Boltzmann machine
phan I6p

Mang RBM
restricted Boltzmann machine - classRBM) la
mot truong hop md rong cia RBM bang cach
thém cac don vi ma héa cho nhén tuong tng véi
cac input (Hugo & cs., 2012). Cu thé, néu cac

phan 16p (classification

input x ¢6 nhén 1a k trong s6 K 16p cua dii liéu
thi 16p cho nhén gém K don vi xac dinh béi qui
tic “one-hot”, hay don vi tht k c6 gia tri bang 1

- (@000)
»(©000) (000
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Hinh 11. M6 hinh mang DBM

con lai biang 0. Khi dé tuong tu nhu mang RBM
chuén, ham nang lugng dude cho bdi cac phuong
trinh (5) dudi day:

E(x,h,yk) = —Z:Wijxihj - Z:bixi
ij i

(5)
_chhj _ZUkiXhi -d,
] ]

6 d6 Uy d, 1a cac trong s6 két néi véi cac
don vi 4n va trong s6 ctia don vi nhén tuong
ting. Khong c6 két noi gitia cac don vi nhan véi
cac don vi input. Phan phéi déng thoi caa cac
don vi dugc xac dinh béi:

exp(—E(x,h,y))

7 (6)

P(x,h,y) =

6 d6 Z 1a hang s6 chuédn héa. Cac xac suét cé
diéu kién dugc xac dinh bdi:

P(hj ‘x, yk) = sigm(ZWijxi +Ukj + ij (7)
va

P(x,|n)= sigm(Zwijhj + biJ ®)

P(v]n)-

exp(ZjUkjhj + dk)

Zlexp(szh.hj + dl) ©
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Xac sudt hau nghiém cho viéc xac dinh
phan 16p la:

P(yk |h) _ exp[dk ﬁtzjf(Z:iwijxi +U, +cj)]

Z:ylexp[d1 + Z:jf(Z:iwijxi + Uh. + cjﬂ
(10)

d d6 f(x) = log(1 + exp(x)) 1a ham softplus.
Mo hinh classRBM duge minh hoa ¢ hinh 5.

Nhu vay khi trang bi thém tadng nhan v thi
mang classRBM phuc vu cho viéc hoc c6 giam
sat (supervise learning). ClassRBM da dudgc
chting t6 kha ning dao tao hiéu qua véi cac
thuat toan dugce trang bi nhu da duge trinh bay
bdi Hugo & cs. (2012).

2.3.3. Mang deep Bolzmann machine va
hoc sau

Mang deep Boltzmann machine (DBM) la
su xép chong cua nhiéu RBMs (Lecun & cs.,
2015). Véi thuat toan hiéu qua CD-k, né cho
phép tang 4n h tham gia vao hoc phan phéi cta
input, déng thoi tAng 4n lai tham gia nhu 14 mot
input cho tang &n ti€p theo. D6 1a co sé day
manh su phat trién mang hoc sau. Trong nghién
ctiu nay ching t6i st dung mang DBM véi 2
ting 4n 6 d6 tAng 4n thia hai c6 su tham gia cta
mang classRBM, nghia 13, viéc dao tao d mang
tha 2 1a hoc c¢6 giam sat két hop véi nhan dé
nhan dién cdc doan mau aAm. M6 hinh mang
DBM dugc st dung trong nghién cttu nay dudgc
md ta 6 hinh 6.

2.4. K&t qua phan 16p

Bing phuong phap trich xuat tu déng nhu
dugc trinh bay trong phan 2.2, chiing téi tién
hanh kiém tra lai va loai bé cac doan c¢6 nhiéu Am
hoéc cac giong phat 4&m khong thyc sy chinh xac.
Cudi cung, chiing t6i thu duge 817 miu am cua
29 chii cai theo cach phat Am dua ca tir dién caa
Hoang Phé (2010). D& liéu cho dao tao (training
data) va kiém tra (test data) dudc ching toi chia
ngau nhién theo ti 1& 4:1 tuong ting.

C4u hinh cho mang DBM trong nghién ctiu
nay la 700 x 150, ttc 1a 6 tAng 4n tha nhat c6
700 noron tham gia va tdng 4n tht 2 c¢6 150
noron tham gia. Gifia tAng input x va tang 4n h'
1a mang RBM dugc dao tao bdi thuat toan CD-1
nhu giéi thiéu béi Hilton (2012). Gidia tAng &n
h! va tang 4n h?c6 su tham gia ctia 16p nhan v
hay 14 mang classRBM va dugc dao tao bdi
thuat toan hoc c6 giam sat cua classRBM dudgc
trinh bay béi Hugo & cs. (2012). Cac tham s6 W,
U, b, ¢, d ban dau dudc sinh ngdu nhién va nhd
trong gi6i han [-1073, 1073].

Pé danh gia kha nang hoc cia DBM, ching
t6i so sanh két qua cia DBM véi mang ndron
truyén thong thong thuong (NN) trong cung cdu
tric kich thuée cia mang, nghia 14 mang noron
dudge st dung c6 2 tAng &n c6 kich thuée 1an lugt
la 700 va 150, va cac tham s6 cua mang NN
cling dudc thiét lap tuong tu nhu DBM. Thong
ké vé dd chinh x4c ctia phan 16p 6 mot truong
hgp t6t nhat caia DBM va NN trong dao tao va
test dugc thé hién & bang 1.

Dé thdy dudc qua trinh dao tao cia mang
qua tting buéc hoc va cap nhat tham sé, sau méi
bude do chinh xac ctia phan 16p duge kiém tra va
tinh. Viéc nay dugc thé hién & hinh 7. O day
ching t6i tién hanh thuc hién ddo tao mang &
100 budc, mdéi bude cap nhat tham s6 lai thuc
hién danh gia kha niang nhan dang cac mau cho
hoc va mAu cho test 14y két qua.

3. KET LUAN

Nghién cttu nay da thu thap duge bo dit liéu
mau phat Am bang chii cai tiéng Viét tit 37 sinh
vién tinh nguyén trong Hoc vién Nong nghiép
Viét Nam. Méc du di liéu ching t6i thu dude
chua du 16n, va chua thé day du so véi su da
dang cta giong phat Am tiéng Viét néi chung,
nghién ctu ciing gép phan bé sung thém co s6
va dit liéu can thiét cho cac nghién ctiu sadu hon
trong linh vyc nay.

Bang 1. K&t qua so sanh dé chinh xac trong dao tao va test cia DBM va NN

DBM NN
P06 chinh xac véi div liéu dao tao 68% 61%
DO chinh xac véi div liéu test 51% 48%
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St dung mang DBM trong nghién ctiu nay
cling da ching t6 dudc kha ning nhan dang
mAu Am thanh va né cho thiy ting dung cia hoc
sau trong nhiéu linh vuc tinh toan néi chung va
nhan dién giong néi n6i chung. Cho du vay, viéc
cai thién kha néng hoc cia mang DBM ciing can
xem xét hon niia sau nay. Cau hinh va thiét lap
cac tham s6 to61 uu tng véi dii liéu c6 dude cling
cin c6 danh gia thém.

LOI CAM ON

Nghién cttu nay dugc thuc hién ti ngudén
kinh phi ctia dé tai: “Nhan dién chii cai tiéng
Viét qua dii liéu phat 4m ctia moét nhém sinh
vién Hoc vién Néng nghiép Viét Nam”, ma so:
T2019-10-55, c4p bdi Hoc vién Noéng nghiép
Viét Nam. Ching téi cling xin cdm on nhém
sinh vién Khoa Cong nghé thong tin da tham
gia tinh nguyén trg gitip cho viéc thu thap di
liéu phuc vu cho nghién cttu nay.
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