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LOI CAM DOAN

T6i xin cam doan day 13 cong trinh nghién ctru cua riéng toi. Cac s liéu, két qua
néu trong Luan van 1a trung thuc va chua ting dugc ai cdng b trong bat ky cong

trinh nao khac.
T6i xin cam doan rang moi su giup d& cho viéc thyc hién Luin vin nay
d3 duoc cam on va cac thong tin trich dan trong Luan van di dugc chi rd ngudn

goc.

Hoc vién thuc hién Luén van

(Ky va ghi ro ho tén)



LOI CAM ON

Véi 10ng biét on sau sic nhét , tdi xin gui téi tap thé quy thay cd khoa Cong nghé
Théng tin trudng Pai hoc Cong nghé TP. HCM, nhiing nguoi da truyén dat cho toi

rat nhiéu kién thic quy bau trong thoi gian tdi hoc tap tai truong.

T6i ciing xin chan thanh bay té 10ng biét on sau sic t6i TS. Pang Thanh Diing —
ngudi thay truc tiép huéng dan va chi bao cho ti thuc hién luan an nay. Thay la
nguoi da dinh hudng, giup d& toi rat nhiéu trong nghién ciu khoa hoc. Néu khong
c6 su huéng dan tan tinh cua thay thi sé rat kho khin dé t6i co thé hoan thanh luan
van thac sy nay. Mot lan nia, t6i xin chan thanh cam on thay.

T6i xin chén thanh cam on ban bé va dit biét Ia gia dinh da lubn & bén t6i; dong
vién, khich 18, tao diéu kién va giup d& tdi trong suét qué trinh thuc hién va hoan

thanh luan an nay.

Phan Quéc Tuan



TOM TAT

Trong luan van nay, tac gia khao sat mot phuong phap phat hién tu dong 16i phat
am tiéng Anh. Pé dat dugc muc tiéu nay, tac gia tim hiéu mot sé kién thic vé am vi
hoc, trén co s d6, chi ra mot s6 16i phat am thuong gap cua ngudi Viét. Tac gia sir
dung cé4c bo nhan dang SVM da duoc huan luyén dua trén vector dic trung gdbm 39
hé s6 dic trung ngir &m va 3 formant (tong cong 42 hé sb) trén mot frame co chiéu
dai 25ms. Viéc tinh toan vetor dic trung duoc thuc hién sau moéi 10ms. Cac thu
vién duoc str dung trong luan van nay gom: HTK, SVM-Light Toolkit, Praat. Két
qua tr thi nghiém cho thay rang dung cac SVM véi vector dic trung néu trén cho
phép dat duoc d6 chinh xéac phat hién 18i twong ddi cao trén hai tap dit liéu Buckeye

(tap dir liéu huan luyén) va TIMIT (tap dit liéu dénh gia).



ABSTRACT

In this thesis, the author presents a method that automatically detects English
pronunciation errors. To achieve this goal, the author investigates knowledge of
phonology, based on that, pointing out some common English pronunciation errors
of the Vietnamese learners. The author uses the trained SVM classifiers based on
feature vectors that contains 39 acoustic feature coefficients and 3 formants (total of
42 coefficients) on a 25ms frame. The feature vectors is calculated after each 10ms.
The libraries are used in this thesis include HTK, SVM-Light Toolkit, Praat. The
result from the experiment suggests that using the SVMs based on the feature
vectors can achieve relatively high error detection accuracy on the two datasets:

Buckeye corpus (training data set) and TIMIT corpus(testing data set).
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CHUONG 1 - MO PAU

1.1 Dt vin dé

Cac hé thong CAPT (Computer-Assisted Pronunciation Training) c6 thé cung cap
nhiéu loi ich cho nguoi hoc tiéng Anh. Ching c6 thé cung cip thong tin phan hoi
(feedback) cho nguoi hoc ma khong doi hoi thoi gian va céng sac cua gido vién.
Chung ciing c6 thé hd tro qua trinh tu hoc va khuyén khich nguoi hoc sir dung tiéng
Anh bat ky khi nao ngudi hoc c6 thoi gian ranh va giup ngudi hoc vuot qua rao can
cua su thiéu tu tin, mic ¢& vi sg phat am sai.

Pé c6 thé mang lai lgi ich 16n nhat dbi vai nguoi hoc, CAPT can ¢6 kha nang chan
doan (tu dong) mot cach nhanh chdng, chinh xac cac 16i phat &m cua ngudi hoc,
d6ng thoi chi ra va diéu chinh 13i nay dé nguoi hoc nhan biét chd sai cia minh va
dinh hudng dugc 1am thé nao dé phat 4m ding. Piéu nay dic biét ¢6 ich cho nguoi
tu hoc, vi théng thudng ho s& khdng tu nhan biét duoc céc 15i trong phat &m cua ho
dé khic phuc. Viéc phat am sai gay kho hiéu cho ngudi nghe, dan dén giao tiép
(bang tiéng Anh) kém hiéu qua.

Trong pham vi luan vin ndy, tac gia s& giai quyét cac van dé sau:

-Xac dinh mot sb 16i phat am tiéng Anh thudng gap cia nguoi hoc tiéng Anh, dic
biét 1a nguoi Viét.

- Str dung cac ky thuat xu ly tiéng noi, khao sat mé hinh xac dinh tu dong cac 15i co
ban néu trén.

- Tién hanh ther nghiém mé hinh trén céc tap dir liéu 16n dang tin cay.

1.2 Tinh cdp thiét ciia dé tai
Viéc phat am dung tiéng Anh sé& gitip ngudi hoc giao tiép higu qua va ty tin hon.
Tuy nhién, do bi anh huong bai ngdn ngt me dé va cac thoi quen hinh thanh khi

phét am tiéng Viét, chiing ta thuong c6 khuynh hudng roi vao mét so 18i chung khi



phat am tiéng Anh. Ching han bo s6t am vi cudi (vi du bd am vi /t/ trong tir
‘mount’), phat 4m sai am vi /r/ trong tir ‘right’ (vi tiéng Viét khéng c6 am vi nay),

V.V...

Dé cd thé khac phuc céc I8 nay, can phai co ngudi phat am ding thudng xuyén chi
ra cac 15i phat &m sai ctia ngudi hoc, tir @6 nguoi hoc ¢6 thé rén luyén va bo céc théi
quen din dén phat am sai. Viéc nay doi hoi nhiéu thoi gian, dic biét 1a khi nguoi
hoc khong c6 diéu kién dé giao tiép véi ngudi phat 4m dung va khong sdng trong
moi trudng ndi tiéng Anh. Dic biét, dbi voi nhitng nguoi tu hoc, khong co diéu kién
dé nhan duoc sy chi dan tir gido vién, viéc khac phuc céc 156i phat am s& tré nén kho

khin hon rat nhiéu.

Do vay, mét phan mém hd tro ngudi hoc phat hién ra céc 15i sai trong phat &m cua
minh s& gidp ich rat nhiéu trong viéc nang cao k¥ niang néi tiéng Anh cho nguoi
hoc, nang cao hiéu qua hoc tap (phat &m), gop phan giam chi phi va thoi gian hoc
tap. Piéu nay dic biét c6 ich trong bdi canh toan cau hoa hién nay, khi sé luong
ngudi Viét hoc tiéng Anh ngiy cang gia ting nhanh chong, khi tiéng Anh 1a mot
trong nhitng ngdn ngit quan trong nhat va la hanh trang khdng thé thiéu déi voi

nhitng ngudi mudn tién xa hon trong su nghiép, hoc tap, nghién ctu.

Tuy nhién, viéc xay dung mot phan mém dang tin cay véi chirc ning néu trén doi
hoi mot md hinh xu ly tiéng ndi thich hop dé cé thé tu dong phat hién duoc chinh
xac mot s6 161 phat am dac thu cia nguoi Viét khi phat am tiéng Anh. Xay dung mo
hinh nay 1a mot trong nhitng muc tiéu cta dé tai nghién cau. Cuy thé, nghién cau nay
s& giai quyét cac cau hoi sau day:

- Céc 15i phat &m tiéng Anh dic thi cua nguoi Viét 1a gi?

- Co ché xur ly tiéng néi thich hop dé c6 thé nhan dang tu dong céc 16i phat am nay
khi ngudi hoc phat am céc tir (hodc cum tir ngan) trong tiéng Anh.

- Lam thé nao dé dinh hudng ngudi hoc khic phuc céc 16i trén?

Trong nghién ctiru ndy, tac gia chap nhan cac gia thuyét sau day:



- M&i nudc trén thé giéi déu c6 céc 16i phat am dic thu khi giao tiép bang ngoai
ngit. (Cac 15i nay 1a do mdi ngdn ngir c6 mot tap hop nhét dinh cac am vi, va cach
phat &m caa ngdn ngir d6 tao thanh maot sé théi quen nhat dinh & cac co quan phat
am nhu ludi, mii, moi, v.v... Cac théi quen phat 4m tiéng me dé duoc chuyén tai

qua qua trinh phat am tiéng nuéc ngoai, tao ra céc 16i dic trung cua tirng qudc gia).

- Viéc chi ra cac 16i phat am, giup ngudi hoc nhan biét 13i sai, tir d6 ho tu dinh
hudng céch sta 16i phat am sai, dan dan khic phuc duoc céc 16i nay. (Nhu vay, néu

luyén tap thudng xuyén, ngudi hoc s& nhanh chong tién bo).

- Luyén tap phat am véi mot phan mém sé& gitp nguoi hoc cha dong va thoai mai

hon vé gio giac so vai viéc luyén tap véi mot giéo vien.
1.3 Muc tiéu, doi twrong va pham vi nghién ciru

1.3.1 Muc tiéu ciaa dé tai

Muc tiéu téng quat cua dé tai la thuc nghiém dé khao sat viéc tu dong phat hién céac
15i phat am tiéng Anh thuong gap cia ngudi hoc trén cac kho dir liéu Buckeye va
TIMIT.
Muyc tiéu cu thé caa dé tai gom:
1) Tim hiéu céc kién thirc nén tang vé ngir &m hoc, am vi hoc, va cac ky
thuat xu ly tiéng noi.
2) Tim hiéu mé hinh xt ly am thanh phd hop dé c6 thé phat hién duoc cac
16i trong pham vi nghién ctu.

3) Tién hanh thir nghiém md hinh xi ly trén cac tap dit liéu Ion dang tin cay.

1.3.2 Péi twong va pham vi nghién ciru

Nghién ctu s& duoc tién hanh trén mot tap xac dinh cac 13i phat am tiéng Anh
ctia ngudi hoc, xét trén truong hop cu thé 1a nguoi Viét va nguoi Tay Ban Nha hoc
tiéng Anh. Cu thé 1a I5i phat am khi phat &m céc am vi:[ae], [p], [aa], [sh], [iy] trong
tiéng Anh.



CHUONG 2: TONG QUAN

2.1 Cé&c nghién ciru lién quan

Céc nghién ctru vé phat hién 15i phat am va danh gia phat 4m bat dau tir nhitrng nam
1990 va phat trién dir doi vao cudi thap ky 90 dén dau nam 2000. C6 thé ké ra vai
nghién ciru tiéu biéu trong thoi ky nay nhu cac cong trinh tir (Cucchiarini, De Wet,
et al. 1998),(Cucchiarini, Strik, et al. 1998a), (Cucchiarini, Strik, et al. 1998b),
(Eskenazi 1999),(Franco, Abrash, et al. 2000), (Kim et al. 1997), (Neumeyer et al.
2000), (Franco, Neumeyer, et al. 2000). Khoang dau thé ky 20, cac phan mém
thuong mai CAPT ra doi ngay cang nhiéu da cho thay nhiéu van dé kho khan, kéo
theo cac hoat dong nghién ctru ciing dan ha nhiét. Tuy nhién, cling véi su phat trién
manh mé& cta khoa hoc may tinh, céc thiét bi di dong, va su cai tién dang ké trong
linh vuc nhan dang giong noi, linh vuc nay lai tiép tuc nhan duoc sy chl y cia cac
nha nghién ctru, dau tién 1a sy ra doi cua té chicc ISCA véi tén goi 12 SIaTE (Speech
& Language Technology for Education) vao nim 2007. Cac nghién ctru c6 thé ké
dén nhu (Eskenazi 2009), (Delmonte 2011), (Levis 2007), trong d6 cung cip Cai
nhin rat rd vé hudng nghién ciru trong giai doan trudc 2009. Do viéc phét hién 15i
phéat am 1a mot bai toan khd nén nhiing nghién ciru trude day thuong chi hudng dén
mot s6 thanh phan nhu phat hién 16i phat am & mac ¢6 am vi (phoneme) hoic mic
d6 nhip diéu (prosodic). Nhitng nim gan day, cac nghién ciru bat dau dé cap dén cac
thanh phan khac c¢6 anh huong dén phéat am. Thong qua cac nghién ctru di duoc
cong bé, co thé tom tat so lugc mot sé phuong phap da dugc sir dung dé nhan dang

15i sai trong phéat am theo ting giai doan trong cac phan sau.

2.1.1 Phét hién I8i dwa trén xac suit (likelihood-based scoring)

Cac nghién ctru dau tién trong linh vuc ndy vao nhitng nim 90 da dua ra mot sb
thuat toan phat hién 15i phat am & mirc do &m vi dua trén xac suat (likelihood). Mot
s6 nghién ctiu dya trén phuong phap nay c6 thé ké dén nhu: (Kim et al. 1997)(three
HMM-based scores),(Witt 1999) (GOP score — Goodness of Pronunciation score),



(Kawai and Hirose 1998) (va phién ban m¢ rong cua thuat toan nay do (Neumeyer
et al. 2000) d& xuat ciing cho két qua tbt).

2.1.2 Phwong phap doc lap ngdn ngir thir nhat (L1-independent)

Mot trong nhitng diém quan trong trong bai toan do tim 15i phat &m 1a c6 nén xay
dung mot hé théng “L1 dependent” (phu thuéc ngdn ngir me dé) hay khéng. Heé
théng “L1 independent” (doc 1ap ngdn ngit me d¢) mang vé nhitng loi ich vé kinh té
trong khi “L1 dependent” s¢ mang lai hiéu qua van hanh cao hon. Vé hudéng “L1
independent”, c6 thé ké ra mot so nghién ciu tiéu biéu nhu: (Cucchiarini et al.
2011) st dung mét kho di lieu gom tiéng ndi cua ngudi nude ngodi hoc tiéng Ha
Lan, dugc gan nhan bai chuyén gia dé lam théng ké gitra nhitng 16i phat am thudng
gap véi nhitng 18i phat &m do ngix canh; (Li et al. 2011) két hop giita viéc danh gia
dwa trén xac suat va danh gia do trdi chay(fluency scores); (Cincarek et al., 2009) sir
dung phuong phap dua trén phan loai (classifier-based), két hop giita danh gia dua
trén xac suat va danh gia dya trén do dai doan ngir Am twong &ng voi &m vi dang xét

(different duration) dé tinh xac suat phat &m sai mot s6 &m vi trén cac phat am.

2.1.3 Phwong phap phu thudc ngdn ngir thir nhat (L1-dependency)

Bén canh hudng doc 1ap ngdn ngir me dé thi ciing c¢6 rat nhidu nghién ctu theo
phuong phap phu thugc ngébn ngr me dé vi do chinh xac cao hon ma né mang lai.
(Ito et al. 2007) dua ra mot s6 luat phat &m sai cho mot cap L1/L2 cho truée va
dung ching dé nhém cac mau 16i (error rules) bang cach sir dung cay quyét dinh
(decision tree). Phuong phap nay di dem lai su cai tién dang ké vé d6 chinh xac

trong do tim 16i phat am.

2.1.4 Phat hién 16i dwa trén bd phan loai (classifier-based scoring)

Mic du cac phuong phap dua trén xac suat c6 uu diém 1a doc 1ap ngén ngir me dé
va dé tinh todn, nhung cac nha nghién ctu cho thay rang phuong phép nay khong
thé giup xac dinh chinh xac loai 15i phat &m (error type). Rat nhiéu nghién ciru duoc

tién hanh dé 1am rd luan diém nay. Tuy nhién, bang viéc st dung bo phan loai cho



ting cap am vi cu thé, ta c6 thé xac dinh duoc loai 16i phat am. (van Doremalen et
al. 2009) da xay dung mot tap cac bo phéan loai cho cdc cap nguyén am tuong phan
trong tiéng Ha Lan. Két qua tir nghién ciru nay cho thay rang viéc ding MFCC cuing
V6i cac dac trung ngit 4m (phonetic features) dé huan luyén cac bo phan loai s& cho
két qua phan loai tét nhat. Twong tu, (Truong et al. 2004) da phat trién mot bo phan
loai doc 1ap voi ngdn ngir me dé sir dung mot sé cac dic trung am-ngit Am
(acoustic-phonetic features) dic thu cho tung loai 16i phat am. B phan loai nay da
cho két qua vuot troi so véi nhitng nghién ctru truede d6. Tuy nhién nhuoce diém cua
phuong phép nay 1a cac 16i thuong gap dic trung cho ting L2 phai duoc biét truéc
va doi hoi cac bd phan loai riéng biét cho tirng loai 16i phat am. Nhitng nghién ctu
gan day theo hudng nay c6 thé ké dén nhu (Strik et al. 2009), trong d6 nhom tac gia
so sanh d6 chinh xac (khi cho diém tu dong) cua 4 bo phan loai khac nhau cho mot
tap cac cap am vi thuong bi 13n 16n khi nguoi nudc ngoai phat &m tiéng Ha Lan.
Nghién ctu nay cho thay phuong phap danh gia dya trén bo phan loai c6 két qua

vuot troi so voi danh gia dya trén xac suat.

2.1.5 M0 hinh tiéng néi do ngudi nwéc ngoai phat &m (non-native acoustic
modeling)

Khi hé thdng CAPT cho phép sinh vién phat am ty do, ta can phai c6 md hinh ngir
am khong phai ban x (non-native acoustic modeling). (Ye and Young 2005) cho
thay viéc sir dung thuat toan twong thich chuan (standard adaptation algorithm) cho
phép ting do chinh xac trong phat hién 16i. Tuong tu, (Saz et al. 2009) ciing cho
thay viéc di tir nhan dang khdng phu thudc nguoi néi (speaker independent) toi phu
thudc ngudi noi (speaker dependent) hau nhu giam duoc mot nia ti 16 16i nhan dang

am vi.
2.1.6 Phat hién I16i phat Am ddc 1ap véi viin ban(text independence)

Tinh dén hién tai, cé rat it nghién ctru danh gia chét luong phat &m cua cac phéat am
dam thoai ty do (unconstrained spontaneous speech). Tuy nhién, d6i véi cac hoat

dong hoc phat am nang cao, viéc dé sinh vién néi mot doan vin ban mot cach tu



nhién so véi doc doan vin ban la rit can thiét. Dé 1am duoc diéu nay, cac nha
nghién ctru dé xuat phuong phap dung tuan ty hai nhiém vu nhan dang khac nhau.
Hai cong trinh tiéu biéu cho phuwong phap nay 1a (Moustroufas and Digalakis 2007)
va (Chen et al. 2009). Trudc tién, giong ndi ngoai ngi(cua ngudi khdng phai la
ngudi ban xt) (non-native) s& duoc nhan dang ma khdng can quan tam t&i bat ki 15i
phat @m nao. Viéc nay dugc thuc hién véi cac mo hinh ngr am(acoustic model)
tuong thich véi cac dic diém cu thé cta ngudi noi. Tiép theo doan vin ban nhan
dang duoc sir dung dé tién hanh nhan dang trong ché d6 dit cac phan céch thoi gian
(forced-alignment) trong ban phién am (transcription) cua tin hiéu tiéng noi va dé
tinh toan mtrc do phat Am dung dua trén mot trong cac thuat toan dugc dé xuat cho

nhiém vu nay.

2.1.7 Phét hién va phan héi 16i vé nhip diéu phat Am(prosodic pronunciation

error)

Gan day co rat nhiéu nghién cau dya trén phuong phap nay. (Levow 2009) ding
mot bd phan loai dua trén SVM (SVM based classifier) cho viéc nhan dang giong
noi (pitch accent). (Honig et al. 2009) sir dung mot tap 16n cac dac tinh dua trén
duration (thoi lugng phat 4m), energy (nang lugng dung phat ra am thanh), pitch
(giong) va pauses (khoang dirng) dé do tim cac accent(trong &m). Gan day hon
(Honig et al. 2012) st dung phuong phap phan biét, trong d6 tac gia dung mét tap
l6m cac dac tinh nhip(nhip diéu) dac biét nhu 1a dac tinh nhip diéu tong quat(general
prosodic) dé tao ra mot 6 do phu hop thich hop cho phat &m c6 nhip diéu(prosodic

pronunciation).

2.1.8 Thiét ké hé thong CAPT c6 tinh twong tic (Interactive CAPT system
design)

Tao cac bai luyén phat am doi hoi nhiéu thoi gian. Y tudng tu dong hoa qué trinh

tao cac bai luyén duoc dé& xuat trong (Liu et al. 2009) va (Saz and Eskenazi

2011).(Saz and Eskenazi 2011) tu dong dua ra cac bai luyén géom mot cau goc va

mét cau duoc ty dong phat sinh c6 mot s6 &m vi dé nham 1an (phat &m sai) gita hai



cau (ta goi la minimal pair difference). Viéc nay gilp sinh vién tap trung vao céc 15i
phat &am nghiém trong cd thé gay ra mac hiéu lam cao hon so véi cac 16i khac. Gan
day nhat, (Rossetti et al. 2011) xay dwng mot hé thdng day hoc két hop cac ly thuyét
vé hoc ngoai ngir va cac ki thuat day phat am. Pay 1a mot trong nhiéu vi du vé hoc

phat am trong cac hé thdng twong tac da phuong tién (multimedia dialog).

2.2 CA&c vdn dé con ton tai

D3 ¢6 nhiéu phuong phap ty dong danh gia phat am bang céch st dung do tin cay
(confidence scores) dugc tinh toan tir hé thong nhan dang giong noi. 6 tin cay do
mtc 6 gidng nhau gitra phat &m cta nguoi ndi véi 4m duoc nhan dang. Két qua sai

s& dan téi do tin cay thap, diéu nay cung cap théng tin vé 15i phat &m cta nguoi noi.

Tuy nhién, d6 chinh xac cua viéc danh gia dya trén do tin cay khong phai lGc nao
cling cao. Hon nira, viéc do ludng duogc tinh toan theo ciing mot cach cho tat ca cac
am vi (phoneme) nén kho dé do luong cu thé cho cac am vi dic biét ma nguoi hoc
thuong phéat &m sai. Lic bat dau hoc, nguoi hoc c¢6 khuynh huéng phat am sai céc
am vi khéng ton tai trong ngdn ngit me dé cua ho (L1), va ho tham chi van phét am
sai mot vai trong s6 cac Am vi ay dén tan vai nim hoc sau d6. Cac phuong phap
luyén phat am can phai phat hién duoc 15i va dinh huéng tap luyén cac am vi nay

theo cach dac biét riéng.

Phuong phap phan loai dat hiéu qua cao hon trong truong hop danh gia cac phat am
sai cac am vi dac biét. (Felps et al. 2009) da xay dung md hinh bo phan loai cho &m
tac — vom mém — vo am (voiceless velar fricative) /x/, thuong bi phat am sai thanh
am bat — vom mém — vo am (voiceless velar stop) /k/ cho nguoi Ha Lan hoc tiéng
Anh. Tac gia huan luyén mot cay quyét dinh bang cach st dung dic trung am — ngi
am chuyén cho viéc phan biét phu am bat (stop) va phu am tic (fricative), va da dat
do6 chinh xac trong khoang tir 75% — 91%. (Eskenazi 2009) xay dung hai bo phan
loai sur dung dac trung &m — ngir &m trong (Felps et al. 2009) (b phan loai A.P) va
cac hé s ceptral (cepstral coefficients) (bo phan loai MFCC). Ca hai bo phan loai

nay déu cho két qua véi do chinh xac cao hon so v6i phuong phap dua trén do tin



cdy, nhung bo phan loai AP tham chi con cho két qua tt hon ca bo phan loai
MFCC khi c6 su sai léch kho dit liéu dung dé huan luyén va kho dit liéu dung dé
dénh gig. Tuy nhién bo phan loai MFCC lai d& cai dit hon bo phan loai AP Vi céc
dic trung MFCC di c6 sin trong hé théng nhan dang giong noi.

2.3 Phwong hwong gidi quyét ciia nghién cieu nay

Ludn vin nay sir dung bo phan loai SVM(SVM classifier based) trong hé thong tu
dong phét hién 13i phat &m sai. Theo ly thuyét ESL, chon ra cAc am vi ma nguoi hoc
thudng phat 4m sai, sau d6 cho cac bo phan loai SVM hoc trén tat ca cac am vi nay.

Phuong phap nay khong gidi han cho cac nguyén am va phu am dac biét.
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CHUONG 3: COSO LY THUYET

Trong chuong nay, tic gia trinh bay cac kién thic co so lién quan dén ngir am hoc
va am vi hoc (phan 3.1), ciing nhu céc kién thirc co so vé xir Iy tiéng noi (phan 3.3),
nham cung cip nén tang kién thuc can thiét dé co thé trinh bay va thao luan vé cac
van dé lién quan dén thi nghiém duoc trinh bay trong chuong 4. Ciing trong chuong
nay, sau khi trinh bay cac kién thirc co s vé ngit am hoc, &m vi hoc, hé théng am vi
tiéng Anh, hé thong am vi tiéng Viét, tac gia chon ra mot sb 13i sai dwgc gia dinh 12
thuong gap cua nguoi Viét phat am tiéng Anh (phan 3.2). Gia dinh nay dya trén gia
thuyét rang nhitng &m vi tiéng Anh khong c6 mat trong hé théng am vi tiéng Viét s&

dé bi phat am sai do anh huang bai théi quen phat am tiéng me dé.

3.1 Co bdn vé ngir &m hoc va am vi hoc

Phan nay trinh bay mét sé kién thic co ban vé ngit am hoc va am vi hoc 1am co s&
ly luan cho luan van. Trong phan nay, tac gia ding xen 13n hai hé théng ky hiéu &m
vi IPA va ARPAbet (xem chi tiét hé thong ky hiéu ARPAbet trong phu luc). Khi
ding hé thong ky hiéu IPA, tac gia dung ky hiéu «/./” dé chi d6 1a ky hiéu theo hé
thong IPA. Khi dung hé théng ARPAbet, tac gia dung “[.]”.

3.1.1 Ngir &m hoc va &m vi hec

Céch phat am (pronunciation) cua mol It ngén ngit ludn dulloc nghién ctru dul16i 2
khia canh nglr am hoc (phonetic) va am vi hoc (phonology). Mal ¢ du 2 nganh nay
déu nghién ctru 4m thanh, nhullng giita chung c¢6 mollt s diém khac bielIt col]

ban nhul] sau:

e Am vi hoc 1a nganh khoa hoc nghién ctru vé su khéc nhau trong cach phat
am cua cung mot &m vi hoac cua nhirng am vi khac nhau, ngir diéu cua tur va
cau, qua cac khai niém am vi, hinh thang nguyén am, tha am vi (allophone),

ngit diéu (intonation), nhan giong (stress), doc lu6t (weak form).
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e Ngir am hoc c6 tinh phé quat (universal) hon. N6 nghién citu cac van dé sau:
c4c thudc tinh am thanh c6 tinh chat loai, cac &m té (speech sound hoic 1a
phone, xem chi tiét trong phan 3.1.2). Ngit &m hoc khdng nhirng nghién ctu
qua trinh tao ra am thanh (speech production), ma con nghién ctu qua trinh
nhan thiic Am thanh (sound perception) ciing nhur qua trinh truyén &m thanh

(transmission of sounds).

3.1.2  Am vi (phoneme) va am té (phone hay speech sound)

Am vi 12 mot don vi co ban nho nhat cia ngdn ngit (¢ khia canh &m vi hoc), ¢6 thé
gay ra sy thay do6i vé ¥ nghia. Nghia 13 chi can thay d6i mot am vi trong mét tir ta c6
thé tao ra mot tir c6 y nghia khac. Vi du: xét tir “kiss” (phat 4m 1a /k1 s/) va “kill”
(phat am 1a /k1 1/). Hai tir c6 y nghia khac nhau nay hinh thanh bang céach thay am
vi /s/ bang /I/.

Am t6 (phone) 1a 4m thanh dugc phat ra véi muc dich thé hién am vi. Can luu y sy
khac biét gitta &m vi (phoneme) va &m t6 (phone hay speech sound): &m vi l1a mét
don vi triru twgng coOn am té 1a mot thé hién cu thé cua &m vi. Am vi duoc thé hién
ra bang cac am té va am té 1a sy thé hién caa am vi. Nhitng am té cuing thé hién mot
am vi duoc goi 1a cac bién thé cua am vi hay con goi la tha am vi (allophone — xem
chi tiét trong phan 3.1.8).

3.1.3 Phu am (consonant) va nguyén am (vowel)
Trong qua trinh phat am, ludng hoi tir phdi s& duoc thoat ra ngoai. Trén duong thoat
ra ngoai, ludng hoi c6 thé bi nghén nhiéu hoic it, tao ra phu am hoic cd sy diéu
chinh nho dé tao ra nguyén am.
Sy phan biét gitra nguyén am va phu 4m duoc duya trén 3 dic diém co ban sau day:

e Pic diém sinh Iy (physiological): Khi phat &m, luong hoi bi chan lai (trong

trrong hop phu &m) va thoat ra tu do (trong trueong hop nguyén am).
e Dic diém ngir am (acoustic): Nguyén am thuong dugc nghe rd hon, ndi bat

hon, nhiéu ning lugng hon phy am.
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e Dic diém am vi hoc (phonological): Nguyén am tao ra duwoc am tiét, phu &m

khdng thé tao ra dugc am tiét. Mot am tiét bat buoc phai c6 mot nguyén am.

Cac phu 4m duoc phan biét véi nhau dua chi yéu vao vi tri phat &m (xem phan
3.1.4) va céch thirc phat am (xem phan 3.1.5). Nhung dé phan biét mot cach day du
cac phu am, nguoi ta ding mét bo 3 tham s Voicing/Unvoicing (xem phan 3.1.7),
vi tri phat @m (place of articulation), va cach thac phat am (manner of articulation).

B6 3 tham s nay thuong duoc viét tat 1a VPM (Voice, Place, Manner).

3.1.4 Vitri phat &m (place of articulation)

Cac phu am c6 thé duoc phan loai dua vao vi tri noi ludng khi di trong hé thong
phat am (articulation) bi han ché hay thu hep (constricted) nhat. Mot cach tong quét
nhat, c6 thé chia vi tri phat am thanh 3 loai: vi tri méi (labial), vi tri dau ludi
(coronal), vi tri cudi ludi (dorsal). Am dau ludi 1a cac phu 4m duoc hinh thanh bang
cach tao khe hep & vi tri dau ludi. Dbi véi am dau ludi, c6 thé dugc chia nho thanh
cac loai: am rang (dental), am chan rang (alveolar), am chan rang sau (post-
aveolar). Hinh sau ddy duoc trich tir bai giang vé ngit &m hoc cua gido su Daniel
Jurafsky tai dai hoc Stanford. Trong Hinh 3.1, tdc gia dung ki hiéu phién am
ARPAbet (xem phan phu luc).

glveolar/palatal

Dental:

th/dh
Alveolar:

t/d/s/z/1
Post:

sh/zh/y

Hinh 3.1 — Vi tri phat &m cia &m moi
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Am cubi ludi 1a cac phu &m duoc hinh thanh dya trén khe hep ¢ cubi ludi. Ciing
theo bai giang néu trén, &m cudi ludi dugc chia thanh 3 loai: am vom mém (velar),
am ludi nho (uvular), am yét hau (pharyngeal). Vi tri phat Am cua cac 4m nay dwogc
md ta bang Hinh 3.2:

-velar
Velar: —uvular

k/g/ng pharyngeal

Hinh 3.2 — Vi tri phat &m cia cudi ludi

Am méi duoc hinh thanh bai khe hep tao ra & vi tri méi. Hinh 3.3 (Source:
Department of Linguistics, University of Pennsylvania) va Hinh 3.4 mé ta céc vi tri

khac nhau trong hé théng phat &m va céc loai phu 4m tuong Gng tai cac vi tri do.
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Alveolar Ridge

Velum (Soft Palate)

Nasal Cavity

% Epiglottis
Teeth /

=T

Hinh 3.3 — Céc vi tri khac nhau trong hé théng phat am

labial
pharyngeal

laryngeal/glottal

Hinh 3.4 — Cé&c loai phu Am twong &ng véi cac vi tri phat am
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3.1.5 Cach thikc phat am (manner of articulation)

Ngoai viéc phan loai cadc phu &m dua trén vi tri phat am, nguoi ta con phan loai cac

phu &m dya vao cach thirc phat &m (manner of articulation). Theo d6 cac phu am

duoc chia thanh cac loai sau:

Am mili (nasal sound): duoc hinh thanh bang cach diéu khién ludng hoi di ra
ngoai bang duong mili chir khong phai duong miéng.

Am miéng (oral sound): duoc hinh thanh bang cach cho ludng hoi thoat hoan
toan qua duong miéng. Hinh 3.5 minh hoa sy khac nhau gitta &m miii va am
miéng.

Am tiém can (approximant sound): duwoc hinh thanh bang cach dé céc bo
phan phat 4am gan nhau nhung khong thuc sy di gan dé tao ra khe hep
(constricted). Vi du, cho @m vi nay la /y/ va /r/ (ki hiéu theo ARPAbet).

Am tiém can canh (lateral approximant): dwgc hinh thanh bang cach diéu
khién ludng hoi tap trung vao giita ludi va thoat qua hai bén ludi va di ra
ngoai (khong thoat qua dau ludi).

Am sat (fricative): duoc hinh thanh bang cach tao khe hep trong bo phan

phat 4m d nho dé tao thanh 4m thanh twong tu nhu 4m /s/ cua tiéng Viét.

Hinh 3.5 — Sy khac nhau giira &m miii (phai) va am miéng (trai)
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Error! Reference source not found. (Soure The International Phonetic Alphabel

2005) tom tat cac &m vi dwoc phan loai dwa trén vi tri phat am va cach thirc



17

phat am.
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3.1.6 Hinh thang nguyén am

Cac nguyén am c6 thé dugc phan loai dua vao d6 mé cua miéng va vi tri trong bo
phan phat 4m noi ludng hoi bi chin lai mot phan khi phat 4m. Bé minh hoa sy khac
biét gitra cac loai nguyén am, ngudi ta dung hinh anh duoc goi la hinh thang nguyén
am c6 dang la mét hinh thang nguoc (tic canh dudi nho hon canh trén) nhu Hinh
3.6. Canh dudi cua hinh thang nguyén am dai dién cho ham dudi, canh trén dai dién

cho ham trén. Canh bén trai dai dién cho dau ludi, canh bén phai dai dién cho cudn

ludi.
HIGH
iy uw
i RS ix  ux uh 14
0
AN S E
FRONT > BACK
eh g/ ao
PN\
\ \ N
ae aa
LOW

Hinh 3.6 — Hinh thang nguyén am

Trong Hinh 3.6 c&c &m vi dugc ki hiéu dung ARPAbet. Nhin chung, nguoi ta chia

ra mot sé loai &m vi sau:

e Am truéc (front): dugc hinh thanh bang cach tao khe hep & phia ngoai cling
cua khoang miéng.

e Am sau (back): duoc hinh thanh bang cach thut ludi sdu vao trong hong

e Am cao (high): duoc hinh thanh bang cach dong hep ham trén va ham dudi
gan nhau.

e Am thap (low): dugc hinh thanh bang cach mé rong miéng dé ham trén va
ham dudi xa nhau.

Hinh 3.7minh hoa sy khac biét giita hai am vi tiéng Anh: [iy] (Am trudc, nhu trong

tur “eat”) va [uw] (am sau, nhu trong tr “school”).
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Hinh 3.7 — Su khac nhau giira 2 am tiéng Anh [iy] (trai) va am [uw] (phai).

Hinh 3.8 — S khac nhau giira hai am vi tiéng Anh [ae] (tréi) va [aa] (phai)

3.1.7 Am hiru thanh (voice) va am vd thanh (voiceless)

Am hitu thanh (voice) 1a am duoc tao véi sy rung cia day thanh &m (vocal
fold/cord), ludng khi tir phoi di qua day thanh am lién tuc bj dong, mé théng qua co
ché rung cua day thanh &m. Am vé thanh 1a 4m duoc tao ra véi sy mo rong cua day
thanh 4m (vocal cord/fold) dé cho ludng khi di qua day thanh am trong c6 hong mét
cach tu do.
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3.1.8 Tha am vi (allophone)
Trong &m vi hoc, mot tha &m vi (allophone) 1a mot &m té trong mot tap nhiéu am té
(phone hoac speech sound) dugc sir dung dé phat &m mot am vi duy nhat trong mot
ngdn ngit cu thé. Vi dy, [p" ] (trong tir“pin™) va [p] (trong tir “spin™) 1a cac tha &m
vi cia &m vi /p/ trong tiéng Anh. Céc tha am vi cu thé duoc chon trong mét tinh
hudng xac dinh thuong cé thé doan duoc dua vao ngit canh am (nhitng tha am vi
nhu vay duoc goi 1a cac bién thé vi tri (positional variantion) — tic do vi tri cua am
vi trong tir thay d6i. Pai khi tha &m vi xay ra trong su bién doi ty do (free
variantion), tic do cach phat &m khac nhau trong cac ngir canh khac nhau hoac anh
huong boi moi trudng, tiéng 6n. Thay thé mot &m td bang mot am td khac trong
cling mot tap cac tha am vi thuong sé khong 1am thay doi tir dugc nhan thac boi
ngudi nghe, mic du doi khi két qua nghe khong gidng giong ban x& hoac tham chi
la kho hiéu. Nguoi ban ngit cua mot ngdn ngit nhat dinh thudng nhan thic duoc
mot &m t6 trong ngdn ngir d61a mot Am thanh dic biét duy nhat, va sé& ngac nhién
khi thay cac bién thé tha am vi dung dé phat &m cac &m vi twong ng Véi am té do.
3.1.9 Heé théng am vi tiéng Viét
Phan Iy thuyét trinh bay bén duéi trich tir ngudn http://ngonngu.net/.
3.1.9.1 He¢ thong Am dau
Tiéng Viét c6 22 phu am dau, bao gom
Mb,m,f,v,t,t’,d,n,z,7,s, ,c, L, Lk, x,n,y,h, 7/

Bang 3.1 — Hé théng Am dau tiéng Viét

Vi tri 5 i .
! [ Pauledi | opri | Gée |Thanh
Mai | lwesi | lesi | hiuw
Phuwong thirc Bot |Lw&i| W
Bit hot t’
. |On | Ehéng | V5 thanh t t & k 7
Tac N -
bt hod Hitu thanh b d
Vang 11 1 n 1
Ain o thanh £ a P ¥ h
SCat Hitu thanh v = z k3
Wang 1

Am dém /w/ c6 chirc ning lam tram hod am sic cua am tiét.


http://ngonngu.net/
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3.1.9.2 Hé théng am chinh
Tiéng Viét c6 13 nguyén am don va 3 nguyén am doi 1am 4m chinh:
/1,e, e, % ¥ ,a,W,a,u,0,2,2, ¢ ,1e, wy, uo/

Bang 3.2 — Hé théng nguyén am tiéng Viét

V1 tri he o, Trus Sau
.\ . I¥Yo'c
© hinh dang o
Am e khong
SAc V. - Ehon ) e
Po mé tml_l . | Trom mdi
= “n moil tron mol
cia mieng
Iha 1 . u
Cé . ]
. Lén vira E i o
Jin
Lén i ald af3
Khing cd dink ie UL o

3.1.9.3 Hé théng am cudi

Ngoai am cudi /rezo/, tiéng Viét con c6 8 &m cubi c¢d noi dung tich cyc, trong d6 c6

6 phu am /m, n, 1, p, t, k/ va hai ban nguyén am /-w, -j/.

Bang 3.3 — Hé thong am cudi tiéng Viét

Vi tri . Lwin
i Moi - - - -
Phwong thiee Pau ledi | Goc el
On f k
Vang Iuliit i 11 1)
Khﬁng tmiii - -1

3.1.9.4 Hé thong thanh diéu

Tiéng Viét c6 6 thanh diéu.



22

Arn digu bing —tric
Arn digu gdy — khing oy

Arnwire cao —thap / /f{h\“\\

Thanh diéu khing ddu Huyén Mgd HAP S3c Mang

Hinh 3.9 — So' @b vé 3 tiéu chi khu biét cho sdu &m vi thanh diéu

a Can

Haa 240

3

) | 220 5

k.hidng ; Sic
dau 200
"
S5 L @ 180 : !
o | '\Q-E L) |
= (=)}
&M | _:E 160
y -9 : 140
L~ Hai " Thap 4
Hupén & - an o 2
¥ Mg 110
100
30
80 E
0 20 40 ED A0
Hinh 3.10 — Ling tru thanh diéu Hinh 3.11 — Biéu db thanh diéu

Quy ludt hinh thanh thanh diéu tiéng Viét

Trong qud trinh lich sir phat trién nhém ngdn ngir Viét Mudng di c6 mot chuyén
d6i quan trong mang tinh quy luat: ban dau ching 1a nhitng ngén ngit/ phuong ngit
khong thanh diéu, vé sau hé théng thanh diéu xuat hién va c6 dién mao nhu ngay
nay. Chuyén doi mang tinh quy luat nay thudng dugc cac nha nghién ctu goi 1a quy
luat hinh thanh thanh diéu va do A.G. Haudricourt giai thich tir nim 1954. So 6
dué6i day cho chung ta biét rang su xuat hién cac thanh xay ra la do cac bién ddi cua

am cudi (rung di) va phu 4m dau (Ian 1on v thanh véi hitu thanh).
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Ban chat cua qué trinh nay 1a van dé& duong nét cac thanh diéu c6 lién quan dén cach
két thic am tiét. Ban chat cua qua trinh nay ciing 13 sy xuat hién am vuc cua tir va
sau d6 1a d6 cao cua thanh diéu nham giai quyét méi twong Gng hitu thanh va vo

thanh 1an 1on.

3.1.10 Hé théng am vi tiéng Anh

Theo (Jurafsky and Martin 2014), tiéng Anh (M¥) c6 43 am vi, bao gom 26 phu am
dugc liét ké trong Bang 3.5 va 17 nguyén am duoc liét ké trong Hinh 3.6. Luu y 1a
& day, cac am vi dugc Ky hiéu theo hé théng ARPAbet. Trong s6 17 nguyén am cia

tiéng Anh, c6 12 nguyén am don va 5 nguyén am doi ([ey], [oy], [ow], [aw], [ay]).

Bang 3.4 — Cac phu am trong tiéng Anh (dwoc phan loai dwa vao VPM)

PLACE OF ARTICULATION
Z bilabial | labio- inter- alveolar |palatal |velar glottal
E dental dental
<C | stop P b t d k g q
!
E fric. f v |th |dh | s z |sh |zh h
d . -
< affric. ch |jh
(1S
O | nasal m n ng
[a's
Lzu approx w I'r ¥
<
flap dx
=

VOICING: | voiceless voiced

3.2 Xdc dinh mgt sé 16i sai thuwong gap Ciia nguoi Viét hec tieng Anh

Trong phan nay, tac gia s& xac dinh mot sé 16i phat am thuong gap dé khao sat
trong phan thi nghiém ¢ Chuong 4. Téc gia chon mot s 16i phat am duoc dé cap
trong (Witt and Young 2000) va mét s6 16i phat am thuong gap caa nguoi Viét. Cac

15i phat &m cua nguoi Viét duoc chon lya dya trén hai gia thuyét/quan sat sau day:
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e Tiéng Viét co dic diém 1a viét sao doc vay, nhung tiéng Anh thi cach doc
khac vai cach viét (vi du trong “delete”, ky tu “e” duoc phat &m thanh [ih].
Do théi quen phat &m cua nguoi Viét, nhiéu nguoi phat &m cac am vi [ih]
thanh [eh].

e Mot s6 am vi trong tiéng Anh khdng cé trong tiéng Viét, chang han [aa],
khién nguoi Viét phat am [aa] thanh cach phat am ky tu A ([ae]) cua ngudi

Viét (vi c6 cach phat am kha gan [aa]). Xem mot s vi du trong Bang 3.6

Bang 3.5 — C&c am vi tiéng Anh khong c6 trong tiéng Viét

IPA ARPAbet | Vidu Am vj tiéng Viét gan giong
16/ [dh] Father /fada/ d, th

la:/ [aa] Father /fada/ A

/dz / [dz] Jump /dz A mp/ d, ch, gi

Trong luan van nay, tac gia gidi han pham vi nghién ctu chi dirng ¢ mac do khao

sat phuong phap tu dong phat hién cac 16i trong Bang 3.7

Bang 3.6 — Mot so 16i phat &m sé khao sat trong luin vin.

Amvi Amvithay | Trgéc | Phatam |Phatam | L1

tiéng Anh | thé do phat gée sai

(L2) dtng | &m sai

[ae] [eh] bad [baed] [behd] Tiéng Tay Ban Nha
[p] [b] pause | [pows] [bows] Tiéng Viét

[aa] [ae] father | [faadhuh] | [faedhuh] | Tiéng Viét

[sh] [s] show | [show1] | [sow1] Tiéng Viét

[iy] [ih] sheep | [shiyp] [shihp] Tiéng Viét

3.3 Co bdn vé xi Iy tiéng noi

Phan nay, tac gia sé& trinh bay mot sé khai niém co ban trong xir Iy tiéng noi.
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3.3.1 Spectrogram

Spectrogram 1a mot sy thé hién truc quan bang do thi caa céc tan sé quang pho cua
am thanh hodc mét loai tin hiéu nao d6 ma c6 su bién ddi theo thoi gian hoic 1a
theo mét bién s khac. Cac vi du vé spectrogram dugc trinh bay trong cac hinh tir
Hinh 3.12, Hinh 3.13(ngudn http://www.phonetics.ucla.edu) va Hinh 3.14.

she just had a baby

sh iy j ax s h ae dx| ax b ey b iy

0 1.059

Hinh 3.12 — Spectrogram gém 2 chiéu: tan sé (spectrum) va thai gian

‘2 |3|4|5 |E| |?‘ G ‘9|10‘I1| 12 \3| 14 |1416|\7<18|19‘ 20 |21

|

2000

4000
j | :"-I|"'
| e | WI"WW |
i ].lr' SRR L |l i it i J
2000| — NI i L ,,mi“1 thu
1000 - MM i Rl l

Sl .Wmﬁuw o il | ". il ™ MW

1 1 | ]
0 200 1000 1300 2000 ms

Hinh 3.13 — Spectrogram cuia cdu néi “She came back and started again”

Nhin vao Hinh 3.13 ta r0t ra cac nhan xét sau:
e Trong doan 1: Chira nhiéu ning lugng ¢ muc tan sé cao
e Doan 3: Tuong tng véi khoang thoi gian dong miéng, chuan bi phat am /k/

e Poan 4: Am thanh nhiu (burst) gay ra trong doan bat dau phéat am /k/
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e Doan 5: Nguyén am [ey]; phan formant 1100 Hz xuat hién do chuén bj phét
am am miii.

e Doan 6: Am miii méi (bilabial nasal), ticc am /m/

e Doan 7: Giai doan déng miéng chuan bi phat am /b/ (b closure).

e Poan 8: Tuong tng am [ae]. Luu y phan chuyén tiép sau am mdi dung
(bilabial stop — tic am /b/).

e Doan 9: Hai formant trong /k/.

-+ronsonantal +Hront +-sonorant

Hinh 3.14 — S6ng &m, spectrogram, va phién @m ¢ mac am vi va mic landmark.

Cau noi trong Hinh 3.14 1a “Okay, take the tray” (Sarah Borys and Mark Hasegawa-
Johnson, 2009). Trong hinh nay, ba landmark vi du dugc trinh bay: hai landmark
stop closure va mét landmark vowel center (landmark 12 thoi diém khi c6 bién dong

I6n vé cach phat am xay ra).

3.3.2 Formant

Formant la mérc ning lwong &m thanh xung quanh maot tan sé cu thé trong séng am.
C6 mot s6 formant ma mdi am thanh & mot tan sé khac nhau, khoang mot phan

trong mdi bang tan 1000Hz. Hay noi cach khac, formant xay ra trong khoang thoi
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gian khoang 1000Hz. Mbi formant twong tng véi mot su cong huong trong thanh

quan. Cac nguyén am c6 thé duoc nhan dang dya vao 2 formant (F1 va F2).

4000

3000

2000 i P ERE e S

1000

Hz

4000

3000 "}

2000 _""b"'wll" J'![J |1

i |

e >
[u]

o a0 o a0 o =m0 o aome

4000

F000 |

2000 17

1000

Hz

[2 b

0 =00 n =00

Hinh 3.16 — Hai formant trong spectrogram cia ba tir “bad”, “dad” va “gag” (

http://www.phonetics.ucla.edu )


http://www.phonetics.ucla.edu/
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e Tir “bad”: khép kin méi lai 1am giam tit ca cac formants: lam ting nhanh tat
ca cac formant & vi tri dau cua tir “bad”

e Tir “dad”: formant ddu ting nhung F2 va F3 lai giam nhe.

e Tir “gag”: F2 va F3 cham nhau: day la mét dic diém cuaa velar. Cac chuyén
d6i formant cd thé mat nhiéu thoi gian trong am vom mém (velar) hon trong

am chan rang(alveolar) hoac am mai labial.

3.3.3 DPac trung ngir Am (Acoustic feature)

Tat ca cac dic trung ngir &m (acoustic feature) thuong duoc st dung trong nhan
dang tiéng noi tu dong la dua trén spectrogram. Mot spectrogram 1a mot bicu do veé
mat thoi gian-tan sé cua tin hiéu tiéng noi, X (¢, f), véi t duoc tinh bang gidy va f
duoc tinh bing Hertz. Dic biét, X (t,, f) 1 logaritcia bién d6 (magnitude) cua phép
bién d6i Fourier, tai tan s6 f, cua tin hiéu tiéng ndi nhan voi mot ham cira s6 ngan
(short window)w (t) (w(t) 1a mot ham cira s6 thudng ¢ do dai khoang 20-30ms):
X(t0, f) = |F{x(t + to)w(D} (3.1)
SPEC(ty, f) = logX(ty, f) (3.2)
Spectrogram cd kha ning cho thdy dwoc cac &m vi méot cach rd rang néu nod duoc
xay dyng dya trén cac tinh todn gia tri X (t,, f) sau mdi 2ms, nhung dé tiét kiem bo
nhd va do phuc tap tinh toan, cic thuat toan nhan dang giong néi thong thuong chi
tinh X (to, f ) sau mdi 10ms. Mot sé truong hop dic biét, viéc tinh toan X (to, f ) O
tan s6 10ms/lan thi khong du dé nhin thay ré (nhan dang duoc rd) am vi, vi du céc
am sat (fricative). Li do I1a vi phan nhiéu (burst) cua nhitng am nay chua it thong tin

dé nhan dang.

3.4 Support Vector Machine

Phan nay trinh bay céc kién thirc co ban vé bo phan loai nhi phan SVM (Mark
Hasegawa- Johnson, 2005) .
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3.4.1 Cé&c khéi niém co ban

Mau (observation) X € RX, mau tha k 1a x;,
Nhan (label) y € {-1,1)
Céac tham s6 c6 thé hoc g e wP

(trainable parameters)

Muc hoc (training token) Koo Vo) X = [Xmts -oor Xmic ]’

Mot mau cé thé chi 1a mot spetral, hoic c6 thé 1 toan bo spectrogram. Vi du, ndi 27
vector MFCC (tir vector thr t-13 dén t+13), mdi vector gom 32 s, ta thu duoc mot

vetor mau X, c6 kich thudc 32x27=864 sb.

Mel-scale Spectrogram of /b/ Release

Speciral Level (dB)

T

=LK} =Ky

[
Time (ms)

Hinh 3.17 — Mel-scale spectrogram caa phone /b/
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Vectorized Mel—-scale Spectrogram of /b/ Release
20 T T T T T
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|

_ | I
I R
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Hinh 3.18 — Véc to hoa mel-scale spectrogram caa phone /b/

B6 phan loai nhi phan 1a mot ham h(%), trong d6 quan sat mot vector ¥ (¥ c6 thé 1a
mot spectrum hoic toan bo spectrogram) va két qua xuat ra cia ham l1a mot gia tri
nhi phan (gié tri cia mot dic trung Am Vi hoc riéng biét tai mot thoi diém cu thé nao
do):

h(x|6) € {-1,1} (3.3)

Gia sir rang cac nhan va mau c6 phan phdi xac suat dong thoi khong doi (constant
joint probability distribution), p (¥,y) thi chat lugng caa mot bo phan loai duoc

danh gia dua trén "rai ro du kién", "rai ro", hay "ty 1¢ 13i dy kién trén kho dix liéu

danh gid ” cua no.
R) = Ely = h(@9)| = Y [y @G a5
y

Trong cac trudng hop thuc té nhat thi gia tri p(¥, y) 1a khéng biét trudc, nén rai ro

du kién ciing ko thé biét duoc. Chung ta chi ¢6 cAc muc hoc (training token) da
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duoc gan nhan (v, ). Cho trudc mot muc hoc (training token) thi ta cé thé tinh

duoc cac rai ro thuc nghiém hoic 16i trén kho dix liéu huan luyén.
1 M
Remp(e) = M Z |Ym — h()_C)|9)| (3.5)
m=1

3.4.2 Cuwec dai hoa bg phéan loai hau nghiém (classifier posterior)

Néu biét dwgc mat do xac suat hop (joint probability) p(%, y), thi rui ro cua bo phan
loai c6 thé dugc giam thiéu mot cach rd rang. Bo phan loai toi wu 1a bo phan loai
cho phép lua chon nhan, ki hiéu 12 y, nham cuc dai héa xac suat hau nghiém

(posteriori probability) (y|x):

Ely — h(®)| = j p(y = 1|7)dx

h(X)=-1
(3.6)
+] p(y = —1|X)dx
h(xX)=1
hope(%) = argmaxp(y|%) = {1, PO-1DIhon (3.7)

3.4.3 Cuc tiéu hoa rii ro vé mit cau tric

3.4.3.1 L&§i tong quat hoa va sé chiéu VC

Muc tiéu cua hoc may (machine learning) 1a dé giam thiéu rai ro vé mit cau tric

chu khong phai rai ro thuc nghiém:
(¥,b) = argmin R(¥, b) (3.8)
Voi
R, b) = Epyly — h(X|v,b)| (3.9)
trén phan phéi dang chua biét (unknown true distribution )p (%, y).

Sy khac biét gitra rui ro du kién va rai ro thuc nghiém duoc goi 1a “16i tong quét

héa” (generalization error).
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R(W,b) = Ropmp (¥, b) + GeneralizationError, Repy

3.10
= Known, GeneralizationError = Unknown ( )

(Burges 1998)va (Vapnik 1998) di cho thay 13i tong quét hoa (generalization error)

dugc chan trén bai ham can tuyén tinh (nearly linear) caa sé chiéu VC, ky hiéu Dy

P{R(%, b} < Romp (5, b) + f (DVC_TIOQ(S)} >1-5  (311)

trong d6 ham f (-) 1a don diéu ting va can (roughly) tuyén tinh. S6 chiéu cua VC la
thude do sy linh hoat (flexibility) cua cac ham phan loai h(¥|0). Néu, bang céach
thay d6i cac tham sb vector 6, ta c6 thé gan nhdn cho mét kho dir liéu huan luyén
I6n theo rat nhiéu cach khac nhau, thi bo phan loai s& c6 s6 chiéu VC Ion ( a high

VC dimension).

S6 chiéu VC cua bo phan loai tuyén tinh hoan toan nho hon sé tham sé c6 thé huan

luyén (traianble parameter):
Bo6 phan loai tuyén tinh (Linear Classifier):

Dyc < K+ 1,K = length(v) = length(x) (3.12)
cong thc (3.11) két hop véi (3.12) dua ra ludt sau: dé giam thiéu R(6), ching ta
nén chon bo phan loai ¢6 cac diém sau:

(1) rai ro thuc nghiém thap nhat c6 thé,
(2) 6 s6 tham s6 nho nhat 6 thé.

Sy can bang giita s6 luong tham sé cua bo phan loai véi rai ro thuc nghiém thu
dugc bang BIC (Bayesian Information Criterion). Bang cach téi uu hoa BIC, ta c6

thé lua chon gitra cac bo phan loai vai nhiéu mirc do phuc tap khac nhau.

Vapnik chang minh ring, trong nhiéu truong hop, can trén trong biéu thac (3.12) 1a
qua 16n; sb chiéu VC that cia mot bo phan loai tuyén tinh c6 thé thap hon nhiéu.
Xét cac tinh hudng sau day.Véi kho dir lieu huan luyén X bat ky, ta chuan hoa

(normalize) v, b bang cong thic:
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min|vTX,, — b| =1 (3.13)
Biéu thirc 3.13 cho thay khoang céch téi thiéu gitta siéu phang (hyperplane) va mot
diém dit liéu riéng I¢ bat ki lar = I%I Pit R 12 ban kinh cuaa hinh tron chira tat ca
cac diém dit liéu X,,,. Khi do:

2

R
Dre< (=) = RIBD? (314
Theo biéu thirc 3.14, ta c6 thé kiém soét cac 15i tong quat hoa cua bo phan loai bang
cach kiém soat d6 16n cua ¥ bang diéu kién trong biéu thuc 3.14:

R(¥,b) < Remp (¥, b) + R?|D|? (3.15)

3.4.3.2 Linear Support Vector Machine

Luu y rang, trong bo phan loai tuyén tinh bat ky, 15i phan loai xay ra néu
ym (BT%,, —b) < 0. Ta dinh nghia 13i bo phan (partial error) 1a mot biéu thuc

ym (BT%,, — b) < 1, va dinh nghia bién bu (slack variable) &, nhu sau:
&n = max(0,1 — y,,(37%,, — b)) (3.16)

L3i trén kho dix liéu huan luyén dugc rang budc bang cong thic sau:

M
Remp(3,0) < ) & (3.17)

Két hop hai biéu thuc (3.15) véi (3.17), chling ta thay rang rai ro vé mat cau tric

cuia mot bo phan loai tuyén dugc chin theo biéu thirc sau:

M
R(3,b) < R2|B? + 2 £ (3.18)
m=1

Phan bén trai cua biéu thuc 3.18 13 tiéu chi toi wu duoc giam thiéu bang mot SVM
(support vector machine). Do d6, muc dich huin luyén mot SVM 1a dé giam thiéu

biéu thuc 3.18, véi rang budc nhu trong biéu thirc 3.16. Bai toan tdi vu hoa rang



34

budc cu thé nay (particular constrained optimization problem) duoc goi la bai toan

t6i wu hoa bac hai (quadratic programming).

Cuc tiéu hoa (minimize):

M
1
(@,b) = argminzlﬁl2 +C z ém (3.19)
m=1
Vi
&n = max(0,1 — y,, (37X, — b)) (3.20)

Biéu thuc 3.19 va 3.20 c6 thé duoc chuyén ddi twong duong thanh bai toan ti wu

hoa bac hai, tim cac hé sé a,,, nhu sau:

M
3= 2 @, 7 (3.21)
m=1
Vi
a,, = argmin z z A X' X Oy, — Z Ym&m (3.22)
m m m
Va
M
z @, =0, 0<y,an<C (3.23)
m=1

Bang cach giam thiéu cé&c rui ro vé mat cau tric (biéu thirc 3.18), SVM tranh duoc
viéc huan luyén qua muac vao dit liéu, trong d6 hoic la (1) ¢6 qua it muc huan luyén,
hoic 1a (2) cac vector mau (observation) 1a qua Ién dé mot bo phan loai tiéu chuan

(LDA hoac neural network) c6 thé hoat dong tot.
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Hinh 3.19 — Két qua sir dung SVM tuyén tinh trén dix liéu kiém tra (test data)
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Linear SVM Results for Test Data
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Training Data, Linsar SV, Ermor=132:

Test Data, Linear SV, Emor=18%:

Hinh 3.20 — So sanh két qua SVM tuyén tinh trén dir liéu huan luyén va dir liéu

kiém tra
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3.4.3.3 Tir SVM tuyén tinh dén SVM phi tuyén tinh

Luu ¥ rang, theo biéu thuc 3.21, cac vector riéng biét téi wu ¥ 14 mot két hop c6
trong sé caa cac muc huan luyén. Do d6, cac ham phén loai h(¥) c6 thé viét nhu

sau:
M
h(X) = |sign(BTX — b) = sign(—b + Z ) (3.24)
m=1

Biéu thirc 3.24 cho thiy rang h(%) chi phu thudc vao cac tich vo huéng (dot-
product) gitra vecto huan luyén ¥,, va vector kiém tra ¥ ma ta chua biét. Trong thuc
té, ¢ thé sir dung ham xéac dinh duong (positive-definite function) (%,,, ¥) bat ky:

(any symmetric, positive-definite function (x,,, X) ).

h(Z) = sign(—b + Z ,, K(Z, %)) (3.25)

Mot treong hop phé bién, linh hoat, va cuc ky hitu dung 1a RBF SVM, dugc dinh

nghia bé1 ham nhén (kernel function) nhu sau:

K(%p, %) = eV Fm=2l° (3.26)
Ham phan loai két qua la

h(x) = sign(g(¥) — b) (3.27)
v6i ham phan biét phi tuyén tinh g(¥) duoc dinh nghia bang biéu thuc:

M

9@ = ) ot K, ) (329)

m—1
Mot bo phan loai RBF tong quat rat c6 tinh chat rat linh hoat & chd né cé thé cho b
phan loai RBF “phan manh” (fracture) mot kho dir liéu huan luyén bang vo sé cach
khac nhau, do 6 khong c6 khai niém chan trén(upper bound) vé sb chiéu VC cua
nd. Bo phan loai RBF dugc huan luyén bang céch sir dung céc tiéu chi SVM (cong

thirc 3.14), tuy nhién, s chiéu VC bi han ché, do d6 co thé sir dung céc phuong
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phdp huin luyén cho SVM hoc bo phan loai RBF véi ty 1& 16i tong quat

(generalization error) rat thap:

Dy < f(3) = f (Z D oty K G, m) (3:29)

Duéi day 1a mot vi du vé ranh gigi phan loai dugc tinh boi bo phan loai RBF

RBF-SVM Classification Boundary, [+/—anterior]
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Hinh 3.21 — Pwong ranh giéi (boundary) caa phéan loai RBF-SVM
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CHUONG 4: THi NGHIEM VA PANH GIA

Phuong phap dugc trinh bay c6 thé dugc mé rong cho ngudi hoc ngoai ngir & cac

nudc khéc véi diéu kién phai cung cap cac mau phat am sai tiéng Anh cua ho.

Trong luan van nay, tac gia thuc hién thi nghiém trén hai b6 dir liéu: TIMIT va
Buckeye. Bo dit liéu Buckeye dugc dung dé huan luyén cac SVM, bo dir liéu
TIMIT dung dé danh gia cac SVM da dugc huan luyén. Thi nghiém nay duoc thuc
hién nghi¢m dua trén cong trinh cua (Yoon et al. 2009). Tuy nhién, tac gia sir dung
Buckeye corpus dé huan luyén SVMs thay vi TIMIT va dung 3 formants thay vi 2

formants. Ngoai ra thi tap cdc am vi ciing khac nhau.

4.1 M0 ta cac kho dir liéu dwec sir dung trong thi nghiém
4.1.1 Khodir li¢gu TIMIT

TIMIT la kho dit liéu giong doc dugc thiét ké dé cung cap dir liéu tiéng ndi cho céac
nghién ciu vé ngit &m va nhan dang tiéng néi tu dong. TIMIT bao gém cac doan
ghi &m tiéng noi véi dai bang tan rong caa 630 ngudi (speaker) véi 8 giong dia
phuong chinh cua tiéng Anh My, mdi ngudi doc 10 cau ngir am duoc thiét ké mot
tap can bang cac Am vi cua tiéng Anh (nghia 1a trong mdi cau chtra du 144 am vi
tiéng Anh véi tan s6 dong déu, khdng c6 &m vi nao xuat hién qua nhiéu hoac qua it).
Céc cau nay duoc goi 1a “SX” (“SX” sentence). Bo dit liéu nay chira phan phién am
& muc do cau, tir va am vi cua tat ca cac cau di dugc doc bai 630 ngudi néu trén.
Gia trj tai cac thoi diém ldy miu duoc luu boi 16 bit (2 bytes). Kho dir liéu nay
dugc thiét ké va xay dung boi Vién Cong nghé Massachusetts (MIT) va Texas
Instruments (T1). Dit liéu tiéng noi dugc ghi am tai TI, sao chép lai tai MIT va dugc
kiém nghiém, chuan bi cho viéc ghi dia CD-ROM tai Vién Tiéu chuan va Cong
nghé (NIST). Céc phién &m cua TIMIT dugc kiém tra boi cac chuyén gia ngir &m
hoc tai vién cong nghé MIT. Ngoai ra, b dir liéu nay ciing xac dinh rd rang cac tap

con dung dé huan luyén va danh gia cac bo phan loai (classifier). Ca hai tap nay déu
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chira mot tap can bang cac &m vi cua tiéng Anh (nghia 1a khong c6 4m vi ndo xuét
hién qué nhiéu hoac quéa it). Ngoai ra ca hai tap nay déu bao phu tat ca cac giong
doc tir c&c viing mién duoc xac dinh boi ngudi thiét ké. Tap dir liéu dung dé danh
gia duoc goi la tap dir liéu danh gia trong qua trinh xay dung (development test
dataset). CAc tap tin phién &m (cip do cAu — tir - am vi) 1a céc tap tin vin ban dang
bang (tabular text) gidp thuan tién trong viéc tim kiém thong tin va xu ly cac phién

am ty dong bang may tinh.

4.1.2 M0 ta bp dir liéu miu cia TIMIT

Kho dit liéu nay chira mot phan cua kho TIMIT, bao gom cac tap tin tiéng ndi, cac
phién am & cip do6 cau, tir va &m vi. N6 chira &m thanh caa 16 nguoi tir 8 mién khac
nhau. M3i mién gém mot nam va mét nix phat am. Tong cong c6 130 cau (mdi
ngudi phat am 10 cau; luu ¥ rang mot s6 cau duoc phat &m boi nhiéu ngudi, trong
d6 2 cau sal va sa2 duoc tat ca 16 ngudi phat am). Tong cong cd 160 ciu dugc ghi
am (mdi ngudi 10 cau). CAc tap tin 4m thanh duge luu dudi dinh dang wav, 1 kénh
(single channel), tan sé 1y mau la 16kHz (16kHz sampling), gia tri caa m&i mau
duoc luu bang 2 bytes (16 bit sample), gia tri cdc mau dwgc ma héa theo PCM
(PCM encoding).

4.1.3 Kho dir liéu Buckeye

Buckeye (http://www.buckeyecorpus.osu.edu) chira tap tin &m thanh khéng c6 kich
ban, thu tir cac cudc phong van tir 40 ngudi & cac d6 tudi khac nhau, sinh séng  tai
Columbus, Ohio. Phién &m & muc do &m vi bao gom dang nguyén gdc tir dién
(citation form) va am vi phat &m thyc té bi bién ddi bai cach phat am nhanh trong
trong dam thoai (actual pronunciation) dugc luu trit trong cac tap tin di kém. Thoi
diém twong Gng vai bat dau va két thic cua cac &m vi ciing duoc cung cap. Tong
kich thudc cua bo dir lidu 1a 3GB. Bo dit lidu chira khoang 300,000 tir. Bé ghi am
c4c cudc dam thoai, nhitng ngudi tham gia ghi 4m duoc hoi vé cac chu dé hang

ngay, nhung khong biét rang phan dam thoai nay di dugc ghi am.
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Mdi file Am thanh (.wav) di kém véi 3 file van ban: .words, .phones, .txt. File
.words chtra phién am ctia &m thanh & mirc do tir va thoi diém (tinh bang giay, ké tur
thoi diém bat dau file .wav, tuc 14 offset) bit dau va két thic cua tir d6 trong file
.wav (time-aligned word labels). Tuong tu, file .phones chira phién &m va céc thoi
diém bét dau va két thic cua cac am té (phones).

Bang 4.1 — Cac loai tap tin trong kho dir liéu Buckeye

Loai file | Noi dung

wav Chtra &m thanh tiéng noi.

.words Phién @m & maec tir va canh thoi gian caa cac tu.

.phones | Chira phién &m va canh thoi gian & mac am té (phone).

Jog Céc ghi chl cua nguoi thuc hién phién 4m (labeler), danh dau cac

thoi diém bat thuong vé chat lwong am thanh va céach thac phat am.

xt Chtra phién am ¢ muc cau.
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Speaker 01
File File Size
s01.zip 49 Mb
s0101a.zip 11 Mb
s0101b.zip 9.2 Mb
s0102a.zip 11 Mb
s0102b.zip 9.5 Mb
s0103a.zip 8.7 Mb
Speaker 02
File File Size
s02.zip 101 Mb
s0201a.zip 6.3 Mb
s0201b.zip 56 Mb
s0202a.zip 11 Mb
s0202b.zip 10 Mb
s0203a.zip 11 Mb
s0203b.zip 6.9 Mb
s0204a.zip 11 Mb
s0204b.zip 11 Mb
s0205a.zip 11 Mb
s0205b.zip 9.3 Mb
s0206a.zip 11 Mb
Speaker 03
File File Size
s03.zip 96 Mb
s0301a.zip 6.9 Mb
s0301b.zip 55NMb
s0302a.zip 11 Mb
s0302b.zip Q9 Mb
s0303a.zip 9.3 Mb
s0303b.zip 7.2 Mb
s0304a.zip 9.4 Mb
s0304b.zip 9.7 Mb
s0305a.zip 11 Mb
s0305b.zip 8.3 Mb
s0306a.zip 8.8 Mb
Speaker 04
File File Size
s04.zip 77 Mb
s0401a.zip 13 Mb
s0401b.zip 13 Mb
s0402a.zip 13 Mb
s0402b.zip 13 Mb
s0403a.zip 13 Mb
s0403b.zip 11 Mb
s0404a.zip 3.3 Mb

Hinh 4.1 — Giao dién trang web tai kho dir liéu Buckeye

Speaker 37
File File Size
s37.zip 64 Mb
s3701a.zip 13 Mb
s3701b.zip 12 Mb
s3702a.zip 11 Mb
s3702b.zip 11 Mb
s3703a.zip 9.6 Mb
s3703b.zip 9.3 Mb
Speaker 38
File File Size
s38.zip 61 Mb
s3801a.zip 13 Mb
s3801b.zip 13 Mb
s3802a.zip 13 Mb
s3802b.zip 13 Mb
s3803a.zip 9.3 Mb
Speaker 39
File File Size
$39.zip 71 Mb
s3901a.zip 14 Mb
s3901b.zip 13 Mb
s3902a.zip 13 Mb
s3902b.zip 13 Mb
s3903a.zip 9.4 Mb
s§3903b.zip 10 Mb
Speaker 40
File File Size
s40.zip 64 Mb
s4001a.zip 13 Mb
s4001b.zip 13 Mb
s4002a.zip 12 Mb
s4002b.zip 12 Mb
s4003a.zip 12 Mb
s4003b.zip 12 Mb
s4004a.zip 2.1 Mb
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T Al

" 839.zip s0101a.log
540.zip
s0101a y . sO101a.txt
s0101a.zip __ sO0101a.wav
' M s0101a.words
s0101b.zip

s0102a.zip
s0102b.zip
s0103a.zip
s0203a.zip
s0203b.zip
s0204a.zip
s0204Db.zip
s0205a.zip
s0205b.zip
s0206a.zip
s0301a.zip
s0301b.zip
s0302a.zip
s0302b.zip
s0303a.zip
s0303b.zip
s0304a.zip

=)
—.-."?'-r'—.-."r'ﬂ'—‘-."?'-r'—.-."r'ﬂ'—,-.'-vg—.-—

Hinh 4.2 — Hé théng tap tin da dwoc tai vé dia
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s0101a.phones
signal s0101.sd
type 0 ] i .Wav.
comment created using xlabel Thu Oct 12 20:38:25 2006 > 1519n31 s4804a.vav fspec
comment created using xlabel Thu Mar 21 15:22:28 2002 2 type 0

color 122 3 comment created using xlabel Thu Mar 2 21:17:33 2006

ol e 4 comment created using xlabel Thu Feb 23 15:06:52 2006

nfields 1 5 color 123
# A i
0.102385 121 {B_TRANS} 6 font ~misc~k-boLd=skeskek=15kerkeskrkkrkork
4.275744 121 SIL separator;
8.513763 122 NOISE nfields 1
32.216575 121 IVER 4
32.376593 121 k
;;.gggggg igi v 0.237165 123 {B_TRANS}
; 11 0.297087 123 w
617906 121 VR 0.360408 123 eh
44.820731 122 ah 0.406601 123 dh
45354656 122 S1L 0.764585 123 er
:g-;gigg; gg ay 9 0.878745 123 VOCNOISE
. m
46.266999 121 <EXCLUDE-name> Y 0.936084 123 dh
46.422075 122 VOCNOISE 17 1.103454 123 eh

46.616192 122 SIL
47.206768 122 ay 1.209868 123 r

47.307796 122 v 1.334361 123 p

47.354937 122 1 1.414429 123 1
47.414937 122 ah
47.446795 122 v 1.524975 123 ey

47.530873 122 d 1.624158 123 ih

47.597709 122 ih

1.606478 123 v
47.658958 122
47.735626 122 k 1.756400 123 ih
47.783379 122 1 1.778095 123 dX
Tonaed 12 b 1.870045 123 iy

48.015674 122 ah 1.958379 123 uw

48.144502 122

48.219087 122 ; 2.029663 123 g
, Column 1 &Y 2.235260 123 €'

s4004a.phones

Hinh 4.3 — Ngi dung caa mét tap tin phién &m ¢ mac am vi (.phones)
4.2 Cac thw vién va cOng cu dung trong thi nghigm

4.2.1 Thw vién HTK va céng cu HCopy

Trong luan vin ndy, tic gia tinh vector dic trung ngit &m bang cach dung cong cu
Hcopy caa HTK. HCopy nhan dau vao mét file am thanh va mét file cau hinh. Céc
thong s6 can thiét dé tinh vector ddc trung ngit am dugc cung cap trong file cau

hinh nhu sau (trong file config.txt):

SOURCEFORMAT = NIST

e SOURCEKIND = WAVEFORM
e TARGETKIND=PLP ED A ZC
e TARGETRATE = 100000.0

e WINDOWSIZE = 250000.0
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e NUMCHANS =32

e CEPLIFTER =27

e NUMCEPS =12

Y nghia cac cau hinh trén nhu sau:

Bang 4.2 — Y nghia cac tham sé dwoc dung dé tinh AF dung thw vién HTK

Tén tham sb Y nghia cua tham s6 Pon | Giatrj c6 thé nhan
vi tinh
SOURCEFORMAT | binh dang cua file am N/A | NIST, WAV, HTK
thanh
TARGETFORMAT | binh dang cua file chia N/A N/A
két qua
SOURCEKIND Chi dinh dix liéu vao ladir | N/A | N/A
liéu waveform
TARGETKIND Xac dinh loai dac trung N/A PLP, MELSPEC, FBANK,
ngr am MFCC, LPCEPSTRA
WINDOWSIZE Chiéu dai ciia cira so w(t) | 100ns |  25ms = 25000us
tinh bang don vi 100ns = 25000
X 100ns
TARGETRATE Khoang cach (thoi 10ms 10ms = 1000us
gian)giira hai vi tri dau = 10000
cua 2 frame lién tiép. X 100ns
Hoac tan sé tinh toan AF
cho frame (cho biét sau
bao lau thi tinh toan AF
mot lan).
NUMCEPS S6 hé sb cepstra duoc N/A | 12 (do d6 AF s& gom 12 hé

dung

s6 cepstra, nang lugng trén
frame, dao ham bac 1 va bac

2, téng cong 1a 39 hé sd)
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Bang 4.3 — Y nghia cac tham sé phu di kém véi tham s6 TARGETKIND

Tham sé phu | Y nghia

E Thém nang luong (energy) cua frame vao AF.

D Thém dao ham bac 1 (delta) cua c4c hé sb cepstra va cua ning

luong vao AF.

A Thém dao ham bac hai (delta-delta) cua cac hé sb cepstra va cua

nang lugng vao AF.

Z Thuc hién phép tru gié tri trung binh: tri titng AF cho vector
trung binh cua tat ca cac AF trén file &m thanh. Twc 1a 1am cho gia

tri trung binh cua cac AF méi bang khdng (zero mean).

C Nén (compress) file chtra cac hé sé.

4.2.2 Thuwvién SVM

SVMLight_Binary (Thorsten Joachims) la mét chwong trinh hitu ich cho viéc huan
luyén cac support vector machines (SVM) . Thu vién ndy gdm hai cong cu,
svm_classify.exe, svm_learn.exe. Cong cu svm_learn duoc sir dung dé huan luyén

c4c vector dau vao ,va svm_classify dé phan lép dir liéu vao 16p 1, hoac -1.

Tap tin dit liéu dau vao c6 dinh dang sau:
0, 1:valuel 2:value?2 3: value3s...
0, 1:valuel 2: value2 3:value3...

05 1:valuel 2: value2 3:values...

Oy 1:valuel 2:value? 3: value3...
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véi 0, Oy la mot loat cac  observation va cac  dong
"1: valuel 2: value2 3: value3..." dai dién cho cac vector twong tng v&i mdi
mau. Cac con sé 1, 2, 3, & phia trudc dau “:” 1a nhitng chi s6 cua cac s6, mdi chi sb
dai dién bai "valueindex" chtra trong vector. Vi du tap tin dau vao dwogc thé hién
trong Hinh 4.4.

-1 1:-0.100951 2:-0.0237191 3:-0.0392793 4:0.515768
1 1:-0.780494 2:0.667376 3:-0.0564404 4:0.530383
-1 1:0.508571 2:0.0834868 3:0.104343 4:0.475912

-1 1:0.171674 2:-0.522371 3:-0.348407 4:0.550595

-1 1:0.518083 2:-0.723123 3:-0.445102 4:0.189794

1 1:-0.204792 2:-0.00798731 3:-0.163721 4:0.441962)

Hinh 4.4 — Vi du minh hoa tap tin SVM dau vao

Trong hinh nay, cac vector dau vao cé chiéu dai la 4. Tép tin dau vao thyuc sy duoc

sir dung chira cac vector c6 chiéu dai la 429.

4.2.3 Praat

Praat 1a phan mém dugc dung dé phan tich mot cach linh dong va ghi lai loi phéat
biéu. Pay 1a phan mém mién phi twong thich nhiéu hé diéu hanh, duoc tai vé tai dia

chi www.praat.org.Ngoai viéc cung cip giao dién do hoa cho phép thao tac vai cac

tap am thanh, thuc hién viéc phan tich tiéng n6i va phién am & mac do tir, am vi,
Praat con cung cip bo dich ngdn ngit script cho phép thuc hién cac phan tich va
phién am bang cach lap trinh (chtr khdng phai thao tac trén giao dién do hoa). Ngoai
ra, Praat cling cung cap chuong trinh chay trén Windows cé tén PraatCon cho phép
thue hién viéc trich cac formant tir tap tin tiéng ndi. Trong thi nghiém nay, tac gia
dung PraatCon dé tién hanh rut trich ba thanh phan formant s& duoc dung cing voi

39 thanh phan cua dic trung tiéng ndi trong viéc huan luyén cac SVM.


http://www.praat.org/
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4.3 Hudn luyén cac SVM

WAV

&
PhiénAmMacAmvVi
(Buckeye)

PacTrungNgifAm

(Vector gém 39 phén tu)

{12 PLP coefficients, energy,
deltas, delta-deltas}

(A)

F1, F2, F3 formant frequencies
(B)

3-frame SVMs
(SVM_DH_D, v.v...)

XacSuatPhatAmPing

Hinh 4.5 — So' d6 tong quat caa quéa trinh xir ly tiéng noi trong thi nghiém

Trong nghién ciu nay, tac gia huan luan 3 SVM. Mdi SVM duogc huan luyén dé
phan biét phat 4m dung va phat Am sai tng véi tirng am vi. Cac vi du vé phéat &m
dung trong kho dir liéu duoc dung dé huan luyén SVM nhan biét dau 1a phat am
dung. Trong luin vin ndy, tac gia ding cum tir “mau dwong” (possitive sample) dé

chi cac phat am dang nay. Nguoc lai, ca&c mau phéat am sai trong bo dit liéu huan
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luyén dugce dung dé huan luyén cac SVM nhan biét dau 1a phat 4m sai, va cum tir
“mau 4m” (negative sample) duoc dung dé chi cac mau sai nay. Ung véi mdi SVM,

s6 lwong mau duong va miu 4m duge dung dé huan luyén 1a nhu nhau.

Hinh 4.6 sau ddy mo ta qua trinh huan luyén mot SVM va céac dir liéu can thiét cho

viéc huan luyén nay.

TaoMﬁu @

@ Hu&nLuyén —»
TaoMau M&uDuong
ThayAmVi @

Hinh 4.6 — Qua trinh huan luyén mét SVM va cac dix liéu can thiét

Cac SVM dugc huan luyén dung tap dir liéu Buckeye va dugce danh gia trén tap di
licu TIMIT mau (xem phan 4.1.2).

Pé huan luyén cac SVM (Hinh 4.6), ta dung cac dic trung ngit &m (acoustic
feature) géom 39 hé sé, trong d6: 12 hé sé PLP (PLP coefficients), nang luong cua
tin hiéu ngir Am (energy), dao ham bac 1 va bac 2 cua cac hé sb trén (deltas va
acceleration). Trong thi nghiém tac gia sir dung dac trung ngtt &m PLP vi la mot
trong nhitng dic trung phu hop v6i phuong phéap phat hién 16i phat &m am vi, ngoai
ra con ¢ dic trung pho bién khac trong nhan dang giong néi nhu hé s MFCC. Céc
vecto dic trung nay duogc trich chon qua qué trinh bién d6i dic trung cua am thanh
tiéng noi, qué trinh nay dugc tich hop trong bo cong cu Heopy ciia bo thu vien HTK
duogc tinh trén ting doan c6 chiéu dai 25ms (window size = 25ms, hay frame =
25ms) va cir 10ms ta thuc hién tinh vector dic trung mot lan (tic cac frame chong
nhau mot doan 10ms), va 3 gié tri formants (f1, 2, f3 formant frequency) dugc tinh

bang phuong phap néu trong (Boersma and Weenink 2010). So véi md hinh cua
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ong Yoon dé xuat la chi ding 2 gié tri format thi thi nghiém tac gia tién hanh trich
chon thém 1 gia tri formant f3 dé tang thém dir liéu cho qua trinh nhan dang phét
am, vi qua tim hiéu thi tac gia nhan thay rang tan s6 f3 van con mang nhiéu ning

lwgng ngir &m cd thé khai thac cho qua trinh nhan dang phat am.

Nhu vay vec-to dic trung cho mét doan (frame) ngit am gom 42 hé sd, trong d6 co
39 hé s6 dai dién cho spectral feature va 3 hé s6 la 3 gia tri cua formant 1, 2 va 3.
Cac hé s cua spectral feature duoc tinh bang cach dung thu vién HTK va ba gia tri

formant duoc tinh nhu di dé cap & trén.

Pé tinh vec-to dai dién cho mot am t6 (phone), ta két hop 3 vec-to dic trung cho n
frame nam trong doan ngir &m cua am té d6. Nhu vay, vec-to dai dién cho mot am
vi s& ¢ chiéu dai 1a nx42. Gia tri caa n chay tir 1 dén 3, tuy theo do dai caa am tét,
hay néi cach khac, vec-to dai dién cho am té s& c6 do dai 1a mot trong céc gia tri
sau: 42 (n=1),84 (n=2),126 (n = 3).

Ddi voi nguyén am, frame/cac frame duoc chon dé tinh vec-to dai dién cho am té
nam ¢ trung tdm cua nguyén am. Ddi v6i phu am, frame/cac frame duoc chon dé
tinh vec-to dic trung nam & phan ria caa phu am trong trudng hop C-V (phu am
dung truéc nguyén am) hoic V-C (nguyén am dung truéc phu Am), va nam & trung
tdm cua phu am trong truong hop C-C (hai phu am ding canh nhau). Cach chon cac
frame nay duoc giai thich trong (Hasegawa-Johnson et al. 2005). Theo do, cac
frame nam ¢ trung tam nguyén am chira nhiéu théng tin nhat vé vi tri twong déi cua
cac bo phan phat &m khi phat &m (place of articulation feature) nguyén am do, va
nhu vay, chiza nhiéu thong tin nhat vé tinh dung sai ciia &m t6 duoc phat ra cho mot
am vi. Tuong tu, d6i véi hai phy am lién nhau C-C. Péi véi phy am trong trudng
hop C-V hoic V-C, céc frame nam & ria phu am (ria trudc hoic ria sau) chtra dung
nhiéu théng tin nhat vé kha nang phat am dung/sai ciia am t6. Déi vé6i truong hop
C-V, frame duogc sir dung 1a cac frame nam cudi phu am (cac frame nay duoc goi 1a

onset frame hay prevocalic frame). Ddi voi truong hop V-C, céc frame duogc ding
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nam & ria truée cua phu 4m (cac frame nay dwoc goi 12 offset frame hay postvocalic

frame).

Thu vién dugc dung dé huan luyén cac SVM la SVM-Light Toolkit (Joachims
1999) va ham nhan (kernel) caa SVM la ham RBF (Radial Basic Function).

Két qua va danh gia:

Bang 4.4 va Bang 4.5 trinh bay d6 chinh xac cua cac SVM duoc huan luyén dé phat
hién cac I5i phat am cho cac am vi tiéng Anh néu trong phan 3.1.10. Theo két qua
nay tac gia thdy do chinh xac dat duoc 1a twong ddi cao va cé thé ap dung duoc

trong thuc tién.

Bang 4.4 - Pd chinh x&c phat hién 18i sai khi huan luyén dir liéu trén Buckeye

Tén amvi SAR FAR
[ae] 62 56
[P] 83 5
[aa] 85 17
[sh] 78 22
[iy] 74 26

Huan luyén trén b dir liéu TIMIT(chuan):
Qua trinh huan luyén SVM trén bo dir liéu TIMIT ciing gidng nhu qua trinh huan
luyén trén bo dit liéu Buckeye, Trén bo dir liéu TIMIT chi chon ra céc file .sx, huan

luyén trén 2310 cau SX va hoc trén 840 SX con lai. Két qua nhu sau:



o1

Bang 4.5 - P chinh xac phat hién 16i sai khi huan luyén dir liéu trén TIMIT

Tén am vi SAR FAR
[ae] 83 6
[P] 84 7
[aa] 87 15
[sh] 76 26
[iy] 85 12

Nhan thay qua trinh huan luyén trén bo dit liéu TIMIT ¢6 d6 chinh xac cao hon khi

huan luyén dix liéu trong bo Buckeye.
So sanh d6 chinh xac cua thi nghiém so véi cac moé hinh khac:

Bang 4.6 — So sanh dd chinh xac phat hién 18i trén cac mé hinh khac nhau.

Method Description SAR |FAR

Yoon 2009 | SVM + landmark | 79 8

Witl 2000 Gop Scoring 90 8

This Thesis | SVM 83 13
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

Trong luan van nay, tac gia da thuc hién cac cong viéc sau:

e Tbong hop va hé théng hoé céc kién thirc nén tang lam co s& cho viéc phat
hién ty dong cac 15i phat m tiéng Anh cta ngudi hoc.

e Tim hiéu cac nghién ciru lién quan dén linh vuc nay dé c6 co s& chon duoc
phuong phap xtr ly phu hop &p dung cho muc dich cua luan van.

e Chon lya phuong phap xu ly, tién hanh thir nghiém phuong phap di chon
trén hai tap dit liéu Buckeye va TIMIT, danh gia két qua.

e Pé minh hoa cho phuong phap nay tac gia di ap dung dé phat hién mot so 15i
phat Am thuong gip cia ngudi Viét. Cac 16i phat Am nay duoc tac gia chon
lya dwa trén gia thuyét rang thoi quen phat &m me dé cua cac am vi gan
giong cac am vi tuong (g trong tiéng Anh (nhung khong ton tai trong tiéng
Anh) s& gay ra céc 15i phat am. Can luu y ring phuwong phap nay cé thé &p
dung duoc véi bat ky ngdn ngir L1 (ngdn ngit me dé) nao, chi khéng chi
riéng tiéng Viét. Két qua thi nghiém cho thady mé hinh xt ly tiéng néi duoc
st dung cho phép phat hién tu dong mot sb 16i phat am tiéng Anh néu trén
V6i d6 chinh xac twong ddi cao. Kha niang ng dung thuc té cia phuong phap
trong viéc xay dung cac cong cu hd tro luyén tap phat &m. Ngoai ra, ta ciing
¢ thé st dung phuong phap nay cho cic ngdn ngit L2 (ngoai ngir) khéc
nhau, chi khdng chi riéng tiéng Anh. Chi can c6 kho dit liéu dé huan luyén
cac SVM, ching ta c6 thé dung cac SVM da duoc huan luyén dé phat hiéntu
dong 16i phat am nguoi hoc phéat am trong L2. Dé tai nay chon tap trung
phan tich va thi nghiém trén tiéng Anh 1 vi tinh phd dung cua tiéng Anh va
su phong pht cua céc kho dir liéu tiéng Anh, cho phép dé dang thuc hién
duoc cac thi nghiém. Néu cé dit liéu dang tin cay, ching ta c6 thé tim ra cac
16i phat am khi ngudi nudc ngoai phat am cac am vi tiéng Viét. Hoac phat
hién cac &m vi do chinh nguoi Viét phat am sai (vi du /1/ dugc phat am thanh

In/). Tuy nhién, viéc xay dung kho dir liéu mau va gan nhan 4m vi cho ting
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doan ngir 4m (twong &ng vai tirng am vi) trong mot cau doi hoi rat nhiéu thoi
gian, cong suc, kién thac vé ngir &m hoc, dic biét 1a kinh nghiém cua cac

chuyén gia (phonetician) tham dinh cac phét am.

Viéc phét hién tu dong cac 15i ndy s& cung cap théng tin phan hdi can thiét cho
ngudi hoc tiéng Anh, gilp ho hoan thién hon k¥ ning phat 4m. Khi cac 15i nay duoc
khic phuc, ta c6 thé thu thap thdng tin va mau I6i khéc cua ngudi hoc dé huan
luyén cac SVM méi , tir d6 tao ra bo phat hién 16i ty dong cho cac loai 16i méi.
Nho vy, phuong phap ndy c6 thé duoc ding trong viéc huan luyén ki ning phat

am tiéng Anh cho nguoi hoc & cac trinh do khac nhau.
Vi thoi gian thuc hién ¢ han, nén luan vin con mot sé han ché sau:

e Khong xay dyung tap mau dit liéu that gom cac phat &m cia nguoi Viét dai
dién cho cac 13i sai néu trong phan 3.2. Viéc xay dung tap di liéu miu va
tién hanh gan nhan cho tir doan ngit &m (ding cong cu twong tu Praat) doi
hoi rat nhiéu thoi gian, va can dén kién thuc chuyén nganh vé ngir &m hoc
(phonetics) va am vi hoc (phonology), nim ngoai pham vi cia mot dé tai
thac si. Trong khi d6, ¢ Viét Nam chua c6 mdt cong trinh khoa hoc nao xay
dung bo dir liéu nay dé c6 thé dung dugc vao trong thir nghiém phwong phap
duoc chon lya trong luan van.

e Phan thi nghiém chi thuc hién viéc thtr nghiém bang cach gia lap céc 15i sai
trén tap dir liéu gom cac phat am do ngudi ban x@ (M¥) phat am, chua thir
nghiém trén tap dir liéu la cac phat am that cia nguoi Viét.

e Phan thi nghiém chi thuc hién cho mét sé it loai 16i phat am. Thuc té nguoi
hoc ngoai ngir c6 thé ¢ nhiéu I16i phat 4m hon rat nhiéu. Ngoai ra, cac 19i
phat &m khong chi 12 15i phat &m vé am vi (phonemic errors), ma co thé 12 15i
phat Am vé nhan (stress errors), 15i phat am vé ngir diéu (intonation errors).
Pé tai nay chi tap trung vao mot sé lugng nho 16i phat &m thudc loai 16 phét

am am vi.
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e Téc gia cling di tim hiéu nhiéu bo dit liéu khac bao gom Radio Speech,
WS97, NTIMIT (céc bo dir liéu nay c6 phién &m ¢ mic &m vi), nhung gia
thanh cac bo dir liéu ndy rat dac, nam ngoai kha ning tai chinh cua tac gia.
Mot sé bo dir liéu khac di dwoc tim hiéu bao gom: Broastcast New,
AVICAR. Tuy nhién nhirng b6 dit liéu nay khéng c6 phién @m ¢ mac am vi
va vi vay khong dung duoc trong thi nghiém nay. C6 thé néi han ché nay
Xuat phat tir nguyén nhan khach quan, tuy nhién phuong phap duogc sir dung
c6 thé duogc thir nghiém trén cac bo dit liéu khac trong twong lai khi c6 thé
mua duoc cac bo dir liéu néu trén. Bang 4.6 tom tit thong tin vé cac bo di
liéu tac gia da tim hiéu.

Do cac han ché néu trén, luan van cé thé dugc phat trién theo huéng khic phuc céc
han ché nay. Cu thé hon, nén thuc hién nghién ciu viéc xay dung mot kho dir liéu
ctia nguoi Viét phat &m tiéng Anh, bao gom cac viéc gan nhan va cho diém ting
doan ngir 4m twong (g VGi cac Am vi trong doan &m thanh tiéng noi. Kho dit liéu
nay thuong duoc goi la kho dir liéu da duge cho diém (rated corpus). Nghién ctu
theo hudng nay doi hoi cac chuyén gia tham dinh phéat &m tham gia vao nhom
nghién cuu.

e Hudng mo rong tht hai 1a thyc hién viéc phat hién tu dong 16i phat am cho
nhiéu loai 16i phat &m khéc nhau, chir khong chi han ché trong mot sb 10i
phat am nhu trong luan van. Cac 16i phat am duoc md rong cd thé 1a 16i
nhan, 16i ngir diéu. Tuy nhién khi mé rong tim céc 16i phat am lién quan dén
ngit diéu va nhan cau, doi hoi phai hiéu chinh phuong phap hodc doi hoi mot

phuong phap hoan toan mai.
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Bang 4.6 — Céc kho dir liéu da tim hiéu

Tén Loai | Bandwidth [S6 [S6 | Mucd¢phién | Gia
gio | nguoi | am thanh
phat
am
WS97 Hoi  |35kHz |35 |2283 |Cau—tir—amyvi | Mién
thoai —nhan—TOBI | phi
Switchboard 1 | HOl | 3.5kHz 1349 14188 | cq gy 3000%
thoal
Broastcast v 7 kHz Lén [ Lon | cay 2400$
New
Radio SpeeCh boc 7 kHz 3.5 7 Cau —tir— TON | 1200%
- BRK -
LBL=PHN
AVICAR Boc | 7kHz 50 1100 | cay Mién
phi

Hudéng m¢ rong tha ba la hiéu chinh phuong phap da trinh bay sao cho tang do

chinh xac cua viéc phat hién 15i (ting SAR va giam FAR).
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PHU LUC

7.1 Hé thang ky higu ARPAbet, IPA, va vi du vé cach siz dung ARPAbet trong fuw
dién phat am ciza CMU
Arphabet 13 m3 phién 4m duoc t6 chirc Advanced Research Projets Agency (ARPA)
phat trién nhu 1a mot phan du an Speech Understanding Project (1971-1976) cua ho.
Arpabet biéu dién tirng &m vi trong hé thdng tiéng Anh kiéu M$ bang mot chudi
riéng biét cac ma ASCIL Arpabet di duoc sir dung trong mot vai hé thong tong hop
giong noi nhu: hé thong Computalker danh cho may S-100 (Altair), SAM danh cho
may tinh Commodore 65, SAY danh cho hé diéu hanh Amiga, TextAssist danh cho
SCO1 tong hop &m vi IC. N6 ciing duoc sir dung trong tir dién phéat am cua
CMU (CMU Pronouncing Dictionary).

7.1.1 Ky higu

Trong hé thong Arpabet, mdi &m vi duoc biéu dién bang mot hozc hai ky tu in hoa.
Chir s6 dugc dung nhu cac dau nhan va dugc dat ¢ cudi nguy@n am tiét duoc nhan.
DAu chim cdu duoc st dung nhu trong cac ngdn ngir Viét, dé dai dién cho nhitng
thay d6i ngir diéu & cudi ménh dé va cau. Céc gia tri nhan bao gom:

7.1.1.1 Nhan (Stress)

Bang 0.1 - Ki hiéu nhan am

Gia tri Mo té
0 Khong phai &m nhan
1 Am nhan chinh
2 Am nhan phu

7.1.2 Nguyén am (Vowels)

Nguyén am don (Monophthongs)



Bang 0.2 — Nguyén 4m don

Arpabet  IPA Vi du
AO o | off (AO1 F); fall (F AO1L); frost (FR AO1ST)
AA a | father (F AAL1 DH ER), cot (K AALT)
Y i bee (B 1Y1); she (SH IY1)
uw u | you (Y UW1); new (N UW1); food (F UW1 D)
EH e  red (R EH1 D); men (M EH1 N)
IH 1 | big (B IH1 G); win (W IH1 N)
UH v | should (SH UH1 D), could (K UH1 D)
AH A | but (B AH1T), sun (S AHL N)
AX o | sofa (S OW1F AHO0), alone (AHO L OW1 N)
discus (D IH1 S K AXO0 S); phan biét vai discuss (D IHO S K AHL S)
AE ® | at(AE1T); fast (FAELST)


http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English

Nguyén am doéi (Diphthongs)

Bang 0.3 — Nguyén am doi

Arpabet | IPA Vidu
EY er say (SEYL1); eight (EYL1T)
AY ar | my(MAY1); why (W AY1); ride (R AY1D)
ow ouv | show (SH OW1); coat (K OWL1T)
AW av | how (HH AW1); now (N AW1)
oYy o1 | boy (B OY1); toy (T OY1)
Arpabet IPA | Vidu
ER 3+ | her (HH ERQ); bird (B ER1 D); hurt (HH ER1 T), nurse (N ER1
S)
AXR o« | father (F AAl1 DH ER); coward (K AW1 ER D)
EHR | er | air (EH1R); where (W EH1 R); hair (HH EH1 R)
UHR ur cure (KY UH1R); bureau (B Y UH1 R OWO), detour (D IHO T
UH1R)
AOR | or more (M AO1R); bored (B AO1 R D); chord (K AO1R D)
AAR | ar | large (L AA1R JH); hard (HH AA1R D)
IHR 1r ear(IYLR); near (N IH1R)
IYR
AW R aur Nguyén am r-controlled nay rat hiém khi dung. Trong mét vai ngi

di¢u dia phuong (F L AW1 R; theo giong dia phuong khac F L
AW1 ERO)

7.1.3 Phu am (Consonants)

Phu &m dung (stop)



Dé tao ra am Stop, ta dé cho ludng hoi di chuyén, nhung truée khi ludng hoi ra khoi

miéng thi ngung lai mot chdt, roi cho ludng hoi di chuyén tro lai.

Bang 0.4 — Phu am dirng (stop)

Arpabet | IPA Vidu
P p | pay (PEY1)
B b | buy(BAY1)
T t | take (TEY1K)
D d day(DEY1)
K k  key (KIY1)
G g go(GOWwW1l)

Phu am tac sét (affricate)
Két hop gitra mot am dirng (stop) va mot m sét (fricative).

Bang 0.5 — Phu am tat sat (affricate)

Arpabet | IPA Vidu

CH tf | chair (CH EH1 R)

JH dz | just JH AH1 S T); gym (JH IH1 M)

Phu am sat (fricative)

Dé tao ra am sat, ta dé ludng hoi bi {chan}{chan} lai nhung khong hoan toan nhu

am dirng, do d6 tao ra &m thanh gidng nhu tiéng 6n.


http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English
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Bang 0.6 — Phu &m sat (fricative)

Arpabet | IPA Vi du
F f for (F AOLR)
\% v | very (VEH1RIYO0)
T™H 0 thanks (TH AE1 NG K S); Thursday (TH ER1 Z D EY?2)
DH d | that (DH AE1 T); the (DH AHO); them (DH EH1 M)
S S say (SEY1)
Z z 200 (Z UW1)
SH ) show (SH OW1)
ZH 3 measure (M EH1 ZH ERO); pleasure (P L EH1 ZH ER)
HH h house (HH AWL1 S)

Am mili (nasal)

Pé tao ra &m miii, ta dé ludng hoi di theo duwong 6ng tir miéng 1én mili.

Bang 0.7 — Am miii (nasal)

Arpabet IPA Vi du
M m  man (M AE1 N)
EM ml] | keep'em (KI1Y1P EM)
N n | no(NOW1)
EN n[] | button (B AH1 T EN)
NG n sing (SIH1NG)
ENG nl | Washington (W AO1 SH ENG T EN)


http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English
http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English

Am nudéc (liquid)

Bang 0.8 — Am nwéc (liquid)

Arpabet  IPA Vidu
L t late (LEY1T)
EL 00 bottle (B AO1 DX EL)
R r hoac  run (R AH1 N)
d
DX r wetter (W EH1 DX AXR)
NX O wintergreen (W IY2 NX AXR G R 1Y1 N)

Ban nguyén am(Semivowels)

Bang 0.9 — Ban nguyén am (semivowel)

Arpabet IPA Vidu
Y i yes (Y EH1S)
W w way (W EY1)
Q ? glottal stop (uh-oh-? A ? ov)
(missing) | hw hoac m | "when" etc. in some dialects



http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English

