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DE XUAT NHAN DANG TIENG VIET NAM CHO
PIEN THOAI DI BONG

(Nguyé&n Vin Khiém, L& Quan Ha, Hoang Tién Long,
Nguy&n Hitu Tinh, Nguy&n Ngoc Thim, D5 Hong Thy)"

= TOM TAT

DPa 20 ndm qua, nhdn dang tiéng néi
van la mét né lyc Ion dé tao ra tri tué cho
mdy tinh, né luc khong ngiing nay da mang
lai ving dung trong qudn Iy dién thoai. Khdi
dau véi nhdn dang doc cdc chit s6'tir 0 dén 9
trong ung dung nay (digit recognition), sau
do la cdc bai todn nhdn dang cdc tir co ldp
(isolated word recognition). Tw sau thdp
nién 90, chiing ta bdt ddu budc vao linh vuc
nhdn dang tiéng ndéi vdi tix vung 16n, khi dé
cdc yéu cdu vé yéu té" bén vitng ciia nhdn
dang tiéng noi tré nén can thiét, nghia la:
hé thong khong dé dé vé khi gdp bdt ky mot
16i nhdn dang, mét 16i phdn mém; khi gdp
mot tinh huéng nhan dang ngoai ¥y mudn, hé
thong dé dang khoi phuc dé tiép tuc tién
trinh nhdn dang lién tuc.

Su xudt hién ciia viéc nhdn dang
tiéng ndi trén dién thoai di dong va cdc thiét
bi nhiing dd@ mad ra loai hinh nghién ciiu mai
Vé cdc ting dung tuong tdc giita con ngudi va
mdy tinh. Nhung hdu hét cdc hoat dong
trong linh vic nay dén nay da bi gidi han do
cdc vén dé vé déc quyén phan mém, hodc
chi nhdn dang nhitng cdu cé cdu triic ngit
phdp don gidn va bi han ché. Trong phdn
nghién cuu nay, ching toi sé trinh bay so
Iugc vé Pocket Sphinx, mot hé thong mad
nguon md vé nhan dang tiéng néi lién tuc tix

“ Khoa Cong Ngh¢ Thong Tin, truong Dai Hoe Cong Nghiép
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ving lon trén cdc thiét bi cam tay. Chiing t6i
da nhiing duoc tiéng Viét tiv viung Ién la
7660 tix tiéng Viét, dat dj chinh xdc la
98,13% ti 1¢ 16i tix 1,87%.

PROPOSAL FOR
IETNAMESE RECOGNITION FOR
MOBILE PHONE

* ABSTRACT

Over the past 20 years, speech
recognition has been still a major effort to
create intelligence for the computer. The
ceaseless effort has brought the application
in the phone management. We started with
recognition of reading numbers from 0 to 9
in this application (digit recognition), then
the problems of isolated word recognition.
Since the 1990s onwards, we have started to
enter a field of speech recognition with
large vocabulary. Thus, requests for the
sustainability —element of the speech
recognition becomes necessary, that is, the
system is not easily broken to meet any
recognized errors or a software errors.
When a situation of unintended recognition
is encountered, the system shall easily
restore to continue the ongoing process of
recognition.
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= GIGI THIEU

C4c ting dung v€ tiéng néi trén thiét
bi nhing, dién thoai di dong thudng doi hoi
phéi lién tuc va nhian dang G thai gian thuc.
R4t nhiéu tng dung vé giong néi hién tai,
ching han nhu diéu khién chuyén huéng
clia hé thong dinh vi toan ciu, chon nhac
cho mdy hat nhac, hoic cdc tng dung vé
ngdn ngit ty nhién nhu thiét bi chuyén ddi
ngdn nglf tor giong ndi (speech-to-speech
translation) [tham khdo thém A.Waibel, A.
Badran, A. W Black, R. Frederking, D.
Gates, A. Lavie, L. Levin, K. Lenzo, L.
Mayfield Tomokiyo, J.Reichert, T. Schultz,
D. Wallace, M. Woszczyna, va J. Zhang
2003],... déu doi hdi phdi nhanh, chinh xic
va linh dong.

Viéc trién khai va cai dit cdc tng
dung trén cic thiét bi nhing gip rit nhiéu
khé khiin, trong d6 khé khin 16n nhat 1a
yéu ciu nhian dang giong néi lién tuc cho
mot ngit cdnh tr vung tir vira dén 16n. Ngoai
ra con c6 cdc trd ngai vé phan ciing: CPU
clia thiét bi nhing khong hd trg ki€u diu
phdy dong, bo nhé RAM thi€u, khd ning
luu trit va bdng thong trén thi€t bi nhiing
ciing rat han ch&. Vi nhitng 1y do nay, ma
céc cdng viéc vé nhan dang tiéng néi trudc
ddy [xem H. Franco, J. Zheng, .
Butzberger, F. Cesari, M. Frandsen, J.
Arnold, V. R. R. Gadde, A. Stolcke, va V.
Abrash 2002], [T. W. Kohler, C. Fugen, S.
Stuker, vd A. Waibel 2005] chi gi61 han
vao nhian dang nhitng ciu c6 ciu tric ngit
phdp don gian.

Ngoai nhitng han ché& vé phan ciing,
ching ta con phai d6i mit vdi trd ngai trong
viéc xAy dung hé thdng nhian dang. D€ xay
dung hé thong nay doi hdi phai st dung cic
bd cdng cu, nhung nhitng bd cong cu nay
thudng c6 ban quyén vé6i gia rat dit va

khong c6 mad ngudn kém theo. Pdng thdi,
céc hé diéu hanh trén thiét bi nhing thudng
bi thi€u cdc tinh ning cho cdc nha phat
tri€n khong gi6ng nhu trén cdc hé thong
mdy tinh d€ ban.

. HE THONG OCKETSPHINX

B0 nhin dang SPHINX la nén tang
rit t6t cho sy phdt trién nhin dang giong
néi, va ching dang dugc st dung bdi cdc
nha nghién cdu trong cdc Ilinh vyc vi du
nhu: hé thong ddi thoai va hé théng mdy
tinh hd tr¢ hoc tip... Trong s6 cdc bd nhin
dang CMU SPHINX, PocketSphinx 1a cong
cu da dugc tdi uu cho nhan dang ti€ng néi
trén thi€t bi nhing va dién thoai di dong.

" T7OI UU HOA

Do phan cting cda thiét bi nhing va
dién thoai di dong so v6i may PC cé nhiéu
khac bi€t cho nén c6 cac luu y sau:

e Toc do truy cp bo nhé chim

e T& chifc dif liéu sao cho tuong thich
véi phan ciing CPU

e Can thay ddi cdic doan ma khong
phu hgp hé thong.

Vi vdy can phai thuc hién mot sd tdi
uu sau.

A. Td6i uu héa by nhé

+ Anh xa tap tin /O vao b nhé:
D6i v6i cdc thiét bi nhing c6 bd nhé RAM
rat it, dit liéu cda mo6 hinh cd 4m nén dit §
ch€& dd read-only d€ né c6 thé dudc doc truc
ti€p tr ROM. Trén hé di€u hanh cda cdc
thi€t bi nhing, b6 nhé ROM dudc ciu triic
nhu mot tap tin hé théng, va nhu vy né c6
thé dudc truy cap truc ti€p bing cich sk
dung chic ndang dnh xa tap tin vao bd nhd,
ching han nhu mmap() trén UNIX hoic
MapViewOfFile() trén Windows.
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+ Byte ordering: PocketSphinx cin
c6 dinh dang cda di liéu khac véi dit lieu
ctia SPHINX dé cho phép chiing dudc dnh
xa vao bd nhé. Vi vay cin sira ddi bd huin
luyén HMM, SPHINXTRAIN, dé€ diu ra
céc tap tin phi hgp v6i hé théng, vi vy cho
phép anh tdp tin nay vao bd nhd theo ding
trat tu byte.

+ DPinh tuyén dit liéu: Cic CPU
ngay nay déu cé hd trg dinh tuyén di liéu.
Vi du, mdt trudng dir liéu 32-bit thi dugc
yéu cau gdn cho cédc dia chi c¢6 gid tri 4-
byte. B&i vi cdc trudng dit li€u trong cdc
file mé hinh ¢6 d§ dai khdc nhau, nén
ching ta cin phdi thém dit liéu vao cudi
né. K&t qud 1a trong khi phién ban hién tai
c6 thé doc dudc cdc file mo hinh tir cdc
phién bdn trudc, thi céc file dudc tao ra tir
n6 khong thé tuong thich ngugc.

+ Anh xa Triphone-senone: Tdc
d6, nhé gon 1a muc tiéu clda PocketSphinx.
Theo thuc nghiém md hinh dit liéu cla
PocketSphinx nén luu & ciu tric dang cay ,
day 12 gidi phdp tot nhit ning cao ning
sudt bd nhé. K&t qua st dung bd nhé da
gidm va thdi gian khdi dong nhanh hon.

B. Téi uu hba cap thap

+ St dung diu phdy tinh: Bo vi x&
ly Strong ARM khong hd trd cdc todn t
cho kiéu dau phiy dong. Vi th€ sy tinh todn
trén ddu phdy dong sé dudc mo phdng
trong phin mém bing cdch st dung cic
phép todn dudc cung cip béi trinh bién dich
hay ctia cdc thu vién runtime. N6 s€ gia lap
céc chific ning cda mot bd xit 1y ddu chadm
dong, nhung nhu vy s€ lam cho viéc tinh
toan trén cdc con so 16n rat chAm, nhu viéc
18y ra dic tinh ci 4m va tinh todn Gaussian.
Vi vay ta c6 thé bi€u dién mot s6 thap phan
thanh phan s6 va miu s6 thudng dung 1a
mdt s& chia hét cho hai (cho hiéu qua tdt
nhat).

Viéc st dung diu phdy tinh chic
chin lién quan dé€n mot s6 18i lam tron, né
x4y ra sau mdi 1an thuc hién phép tinh. Viéc
chon thuit todn khong nhitng phai dam bado
lam gidm s6 lugng tinh todn, ting tdc do,
ddng thdi phdi duy tri d6 chinh xdc. Vi du,
diing FFT dé tich s6 mot s thuc thanh phin
nguyén va phan thip phan [H. V. Sorensen,
D. L. Jones, M. T. Heideman, and C. S.
Burrus vol. 35, no. 6, pp. 849-863, 1987].
Tuy nhién, khi sit dung FFT trén diy phiy
tinh dd 1am ting ding k& ty 1& 13i tir, trong
mot s6 trudng hgp 1én dén 20%.

+ Téi vu héa dir liéu va cau tric
diéu khién: Kién tric ARM di dugc tdi uu
ho4 rat nhiéu cho viéc tinh todn trén kiéu
dit liéu s& nguyén va Boolean. Hau hét cic
dit liéu dugc cung cip bao gdbm mot trudng
"shift count", cho phép dich chuyén bit theo
mot gid tri ma khong 1am thay ddi gia tri
ban dau. ARM la mot kién tric 32-bit véi
16 thanh ghi da ndng. Viéc gitt dir li¢u
trong cdc thanh ghi rit quan trong d€ thuc
hién cdc phép todn, né gitp lam nhanh hon
viéc truy cdp vao bd nhd 32 bit tai mdt thdi
di€ém, vi vy trdnh truy cip truc ti€p vao
thanh ghi khi c6 thé. Nhin chung, mot trinh
bién dich tdi wu héa tdt c6 thé tao ra hiéu
qua st dung tap tin ding ky.

Trong PocketSphinx, danh séich
senones dugc cai dit trong mang byte. Tuy
nhién, khi mang byte 16n dugc tai 1én bd
dém ctia bo xwr 1y, va viéc truy cip lugng 16n
byte s& lam cham tdc do ctia CPU. Vi thé,
chiing dugc thay ddi sang mot véc to bit,
ding vong lip d€ quét vector bit nay, va
thao tic 32-bit word cling mt thdi diém.

" TOI UU HOA THUAT TOAN

Chiing tdi thiy ring s ludng 16n céc
tinh todn dugc diing trong bon khu vitc: tinh
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toan dat tinh ci dam (MFCC), tinh toan
Gaussian (codebook), tinh todn moé hinh
Gaussian hdn hgp, va dianh gia HMM (tim
ki€m Viterbi). Khodng ty 1& cdc thdi gian
dudc dung trong bon linh vuc dudc hién thi
trong Bang 1.

Trong viéc tdi vu héa thuat todn, tinh
todn md hinh hdn hdp Gaussian (GMM)
dugc chi ¥ nhiéu nhat, tir cong viéc trude d6
[A. Chan et al. 2004] chdng ta da cé
framework rit t6t cho tinh todn gan ding
GMM. Trong framework nay, GMM udc
lugng dudc chia 1am 4 tang tinh todn:

Bang 1. Ty 1¢ phan tram thoi gian
tinh toan

Thanh Desktop | Nhiing
phin
Codebook | 27.43% 24.59%
HMM 24.68% 22.11%
MFECC 14.39% 11.51%
Senone 7.67% 11.71%

e Tang khung: tinh tit cA GMM cho
khung dit liéu dau vao.

e Ting GMM: tinh todn mot GMM
don.

e Ting Gaussian: tinh
Gaussian don.

todn mot

e Tang thanh phan: tinh todn céc
thanh phan lién quan dén vector dic
tinh.

Ludc d6 nay cho phép phan loai
chinh xdc cdc k§ thuit ning tdc dd khic
nhau bdi cdc ting ma ching hoat dong trén
do, va cho phép ching ta xdc dinh cdac ky
thuat khic nhau dugc 4p dung két hop véi
nhau nhu th€ nao. Tuy nhién, framework
ndy dudc 4p dung chd yé&u cho hé thong st
dung HMM phan bd lién tuc (CDHMM).
Trong viéc dp dung cdc y tudng ctia né cho
mod hinh HMM badn lién tuc (SCHMM), c6

mot vai sy khdc biét can luu y:

e Trong viéc tinh todn cia md hinh cd
am ban lién tuc, mdt "codebook"
cua mat do0 Gaussian dudc chia sé
gifta tit cd cdc mo6 hinh hdn hgp.

e SO lugng Gaussians hdn hgp thudng
l1a 128 dén 2048, 16n hon nhiéu so
v6i 16-32 dugc st dung cho
CDHMM.

e Hé thong SCHMM co s& thudng 1a
miéu td cho cdc vector dic tinh véi
nhiéu ludng doc lap.

Viéc 4p dung md hinh bdn tang, véi
mdi tdng c6 ciu tric khdac nhau. Nhung
trong khi d6 codebook dudc chia sé giita tat
ci cédc tang, toan bd codebook phii dudc
tinh & mbi ting. Gidi han nay cho phép céc
phép tinh & tAing GMM c6 thé gidm bét sy
tinh todn. Ching ta dp dung ky thuit sau
day cho mdi ting:

e Tang Kkhung: Ching ta dp dung
chudn héa khung (downsampling)
[M. Woszczyna 1998]. Méc du céc
két qua nay lam mat tinh chinh x4c,
nhung né 1a cdch duy nhit dé nang
toc do trén ting Gaussian.

e Tang GMM: Ap dung GMM cd s8
doc lap ng canh [A. Lee, T.
Kawahara, and K. Shikano 2001,
vol. 1, pp. 69-72], [A. Chan, M.
Ravishankar, and A. Rudnicky
2005].

e Tang Gaussian: Chiing t6i xem xét
nhiéu kha ning nhu: Sub-VQ-based
Gaussian Selection [M.
Ravishankar, R. Bisiani, and E.
Thayer 1997, pp. 151-154] nhung
tdt cd ching déu khong cii thién
dudc tdc do nhiéu. Vi thé, ching toi
quyét dinh sit dung phuong phdp cay
cd sd Gaussian Selection.

e Tang thanh phan: PocketSphinx c6
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sdn thanh phan tinh Gaussian [xem

B. Pellom, R. Sarikaya, and J. H. L.

Hansen vol. 8, no. 8, pp. 221-224,

July 2001]. Sau d6 st dung thong tin

tir cAy cd s& dé€ cai thién hiéu qua

tinh todn cda thanh phin nay.

Trong tang khung, ching tdi budc

diu 4p dung chuin héa khung

(downsampling) mot cach don gian,

bdi chi cin bd qua tit cid céc

codebook va su tinh toin GMM &
moi khung khdc. Tuy nhién, ching
ta chinh sita diéu nay sau d€ tinh lai
dinh N Gaussians tit khung truéc va
st dung cdi d6 d€ tinh cdc senones
tr khung hién tai. K&t qua: thyc hién
nhanh hon khodng nhd (0.6%) va
két qud dat duge i 1& 156i tr gidm

khodng 10%

Trong ting Gaussian, chiing tdi 4p
dung phién ban chinh sira cda thuit todn
BBI, nhu dugc mé ta trong [B. Pellom, R.
Sarikaya, and J. H. L. Hansen vol. 8, no. 8,
pp. 221-224, July 2001]. Thuét todn nay
dua bd Gaussians vao trong ciu tric cay kd
diéu nay cho phép bd con Gaussian tim
ki€m nhanh trong khong gian dic tinh dé
dua ra vector dic tinh. P&i v6i mdi dong
dac tinh ci am trong codebook, ching t6i
xdy duyng mot cidy c6 do sau riéng biét
(thuong do sau 8 hodc 10) v6i hdp ngudng
Gaussian da dinh sén.

Mic du céc loai cdy dudc xay dung
ngoai tuyén, chiéu sau cla tim ki€m trong
cdy c6 thé dudc diéu khién nhu mot tham
s6 dé gidi ma tai thoi gian chay. C4i ndy
cho phép cdc yéu cdu bd nhé cho cay
khong nhiéu lim. Chiing t6i cling kham phd
y tudng han ch€ s& lugng t6i da Gaussians
dé tim ki€m trong mdi nit 14. D€ thuc hién
kha thi, ching t6i da sip x&p danh sich cédc
Gaussians trong c4c nut 14.

" DU LIEU VA HUAN
LUYEN TIENG VIET

A. Lexicon

Lexicon 1a bd tir dién dng dé thé
hién &c tir thnh & don vi pAf m (phonemes).
Ni 1 mot thnh phan quan trong trong hé
théng nhan dang tiéng nii. Chng toi & Ry
dung duoc lexicon tiéng Viét theo phién 4m
chuan quéc té. Lexicon tiéng Viét hon 12
nghin tr st dung 41 phonemes cho ca hai
mién Nam va Bic.
B. Dir Li¢u

Dit liéu hoc 12 mot phan khong thé
thi€u trong nhan dang ti€ng néi. Dt liéu
hoc quyét dinh tryc ti€p dén két qua nhan
dang. Dif liéu hoc gdm hai phin Ia dit liéu
van ban va dit liéu Am thanh. Dt liéu 4m
thanh 1a nhitng tdp tin &m thanh thu dm
nhiing cdu trong dit liéu vin ban.
C. Dir liéu van ban

Tuy vao muc dich cia viéc nghién
cttu va chuong trinh ¢ng dung nhin dang
ti€ng noéi khac nhau thi ¢6 bo dit liu vin
ban khdc nhau. Thudng thi bd dir li€u vin
ban dudc chon theo chii dé clia tng dung.

D. Dt li€éu am thanh

Dir li€u am thanh phu thudc vao bo
dif liéu vin ban. N6 bao gdm tat c3 cic tip
tin A&m thanh thu &m cdc ciu trong bd dir
liéu van ban. B6 dir liéu vian ban cho nhin
dang s& gdm 200 ciu thi bo dit lieu Am
thanh 1a 200 tap tin &m thanh. Ching t61
ghi &m dit liéu thanh tdp tin c6 dudi 1a .raw.
Tap tin am thanh .raw c¢6 do nén cao, dung
lugng nho thich hgp cho viéc ghi 4m dit liéu
16n.

Mot tip tin Am thanh chuin 13 mot
tap tin khong c6 ti€ng 6n va nhiéu, cdc tir
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phai dugc doc ro rang.

B0 dit liéu 4m thanh phdi dugc thu
am r0 rang, dit khodt tirng tir. Ngudi thu am
dit liéu hoc ciing dong vai trd rat quan trong.
Ngudi thu 4m nim trong do tudi tir 18 dén

s System B}@
nd run installed applications

43 Applicatiunsk Pla

Brows

File Edit View Terminal Help

INFO:
8.03

INFO:
0.65

INFO:
INFO:
INFO:
1st,

INFO:
ated

INFO:
hone

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

tonynguyen@ubuntu: ~

cmn_prior.c(

earch_fwd (1502):
.c(1506) :
117787 last

ngram search_fwdtree
(78/fr)

ngram_search_fwdtree
(287/fr)

ngram_search_fwdflat.c(

ngram

ngram

ngram

ngram

.c(1518):

.€(1513):

-51334405)

READY....

=] tonynguyen@ubuntu: ~

16519

189903
329811

21335

78331

: Utterance vocabulary contains 263 words

3696

163835
228607
31683
22106

microphone.

" HUAN LUYEN TIENG VIET

Bo cong cu hudn luyén dugc chiing
toi st dung 1a SphinxTrain: diy 1a cong cu

Wed Jun 2, 9:08 AM @ tonynguyen (b
e

13 1)

cmn_prior.c(121): cmn_prior_update: from < 15.28 -0.74 -0.40 -0.24 -0.35 -
-0.30 -0.07 -0.27 -0.17 -0.18 -0.17 -0.15 >

: cmn_prior update: to
-0.29 -9.12 -06.24 -9.21 -6.16 -0.19 -8.17 >

< 15.70 -0.62 -8.23 -0.88 -8.36 -

words recognized (39/fr)
senones evaluated (698/fr)
channels searched (1212/fr), 25460

words for which last channels evalu

candidate words for entering last p

words recognized (14/fr)
valuated (6
channels searched (840/fr)
words searched (116/fr)
word transitions (81/fr)

Hinh 1. Ung dung nhén dang tiéng ndi Viét Nam trén dién thoai di dpng dang nhdn dang cdu
“THE CHA PINH DON PI DAU”.

51 chia déu theo do tudi, cAn bing cd giong
nam va giong nit. S lugng ngudi thu 4m 16n,
trdi déu theo 1a tudi, cAn bing s6 nam va
nit 1am cho hé thong trd 1én phong phi hon,
linh hoat hon va kha ning thich @ng cao. Vi
du nhu huin luyén 1000 ngudi doc, khi
ngudi thit 1001 doc thi hé théng dé dang
thich nghi vGi giong clia ngudi nay va cho
két qua nhan dang chinh x4c.

E. Ti€ng 0n va nhiéu trong dit li¢u
am thanh

Ti€ng On, nhiéu dnh hudng rat 16n
dén qud trinh hoc dit liéu va nhan dang.
Ti€ng On, nhiéu 13 do nhiéu nguyén nhin
nhu ti€ng On xe c¢d, cong trudng, ngudi néi
chuyén.., va nhiéu chd yéu Ia do

hu&n luyén ti€ng Anh phit trién bdi trudng
dai hoc Carnegie Mellon. Nay véi diu vao

cla chiing t6i 1a dif liéu ti€ng Viét. V6i ciu
tric dinh sin, qud trinh huin luyén thuc
hién s€ tao ra cic file m6 hinh HMM cua
tiéng Viét, cdc tap tin HMM nay da dudc
dua vao PocketSphinx .

" KET LUAN VA CONG VIEC
SAP TO1

Trong tuong lai, ching t6i s& 4p
dung hé thdng nay cho mdt cong viéc véi
mo hinh ngdn ngit cao hon va von tf vung
16n hon. Mot ing cif vién cho sy t6i vu héa
trong tuong lai la thuit todn tim ki€m
Viterbi, cdi ma chdng t6i da khong thdo
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ludn siu vao trong phan nay. Ching tdi
ciing da trién khai POCKETSPHINX dé&
nhan dang ti€ng néi Viét Nam trén hé mdy
phd bi€n Pocket PC, hé diéu hanh
Windows®CE va hé diéu hanh Linux.

" CACKET QUA PAT PUGC

- X4y dung xong bd tir dién lexicon
ti€ng Viét hon 12 nghin ti.

- X4y dung xong md hinh ngdn ngit
cho ti€ng Viét véi dit liéu hon 20.000 tr.

- Pa hudn luyén dugc mo hinh ci
am cho ti€ng Viét.

- ba nhing dugc ti€ng Viét cho
PocketSphinx.

- DPd chinh x4c nhan dang
PocketSphinx véi kich thudc 7660 tir ti€ng
Viét, dat do chinh xac 12 98,13% ti 1& 13i tir
1,87% dua trén 150 cAu ki€m tra tir vung 16n
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