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LOI CAM POAN

T6i xin cam doan két qua dat dugc trong luan vin 1a san pham cia riéng ca
nhan t6i, khong sao chép lai ciia nguoi khac. Trong toan b ndi dung cia ludn van,
nhimng diéu da trinh bay 1a ciia c4 nhan toi hodc duoc toi tong hop tir nhidu ngudn
tai liéu. TAt ca cac nguén tai liéu tham khao co6 XUt X 1o rang va dugc trich dan
hop phap.

T61 xin chiu toan bd trach nhi€ém va chiu moi hinh thire ky luat theo quy dinh

cho 101 cam doan cua toi.

Ha Noi, thang 04 nam 2020

Tac gia ludn van

Tran Xuan Ha
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LOI CAM ON

Loi ddu tién toi xin giri 10 cam on va long biét on sau sic dén PGS.TS. Ha
Hai Nam, nguoi da gitp t6i chon dé tai, dinh hinh huéng nghién clru, tan tinh
huéng dan va chi bao t6i trong sudt qua trinh thyuc hién luan van tot nghiép.

T6i xin bay t6 long biét on tran thanh t&i cac thay, co gido trong trudng Hoc
vién Cong nghé va Buu chinh Vién thong. Cac thiy, c6 gido di day bao va truyén
dat cho t6i rat nhiéu kién thirc, gitip t6i c6 dwge mot nén tang kién thirc vimg chic
sau nhitng ngay thang hoc tip tai truong. Va xin gui 16i cam on dén Ban Lanh dao
va cac déng chi, déng nghiép tai Phong Giam dinh KV thuat sb va dién tr - Vién
Khoa hoc hinh su - B6 Cong da hét stre tao diéu kién thuén loi cho toi trong subt
qua trinh hoc tip va thyc hién luan van. T6i xin guri 161 cdm on sau sdc tGi cac ban
khoa 2018 dot 2 di ung ho khuyén khich toi trong sudt qua trinh hoc tip tai trudng.

Cudi cung, t6i mudn guri 161 cam on sdu sic nhit dén gia dinh va ban bé,
nhiing nguoi than yéu ludn kip thoi dong vién va giup do toéi vugt qua nhitng khé
khan trong hoc tip ciing nhu trong cudc song.

Ha Noi, thang 04 nam 2020

Tac gia ludn van

Tran Xuan Ha
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MO DAU
1. Ly do chon d@ tai

Cong tac giam dinh am thanh ¢ Viét Nam dugc Vién Khoa hoc hinh sy - B
Cong an bat dau trién khai tir nam 1998, dén nay da dugc 20 nam, ) lugng vu an
hang nim ngay cang ting, nhu cau phan loai tu dong tiéng noi ban dau trudc khi
tién hanh giam dinh 1a rat 16n.

Cong vi¢c gidm dinh 4m thanh nghién ctru pham vi 6n dinh ctia mét s6 tham
s6 tiéng no6i dé nhan dang nguoi néi hodc mot nhom ngudi noéi. Luan vin nay
nghién ciru v& mot trong cac tham sb tiéng noi néu trén, do 1a tan sb co ban. Xuit
phat tir thyc té trén, toi chon dé tai “Nghién ciru nhan dang ngon ngir néi tw dong
dwa trén tan sb co ban”.

2. Tong quan vé dé tai nghién ctru

Tir 1au, ngudi ta da nhan ra rang thong tin ngdn diéu (nghia 1a thong tin c6
ngudn gde tir cac dic diém cua giong nodi nhu cao do, bién do va toc do nodi) gop
phan 16n vao viéc nhan dang giong néi cling nhu nhan dang ngdn ngit néi. Thuyc té
13 ngir diéu 11 ndi dong mot vai trd quan trong trong viéc hiéu ngdn ngir noi, cho
thiy cac dic trung ngdn diéu ciing co thé 1a yéu té co ban cua nhan dang ngdn ngit
no6i. Ngoai ra, cac tham sb co6 ngudn gdc tir tan sd co ban (cao do giong noéi) 1a 6n
dinh va duoc cho 1a manh hon tan s dinh dang. Vi thé, nguoi ta chép nhan rﬁng cac
mau bién thé cta tin sb co ban 1a mot trong nhitng tham sb tot nhat dé thé hién cac
dic trung ngdn diéu ctia ngdn ngir ndi. Ching ta di cb gang dat dugc mot hé thong
nhén dang ngdn ngit ndi tr dong bang cach sir dung thong tin ngdn diéu bit ngudn
tir tAn sO co ban hay cao d6 giong noi.

Hién nay & Viét Nam co rat it nghién ctru vé tan sb co ban noi chung ciing
nhu viéc 4p dung tan sd co ban trong nhan dang tiéng noéi. Luan vin niy c¢6 pham vi
nghién ciru phan biét vdi 02 ngdn ngir néi 1a tiéng Viét va tiéng Phap. Tiéng Viét 1a
mot ngdn ngit ¢ thanh diéu, do d6 tan sb co ban cia nd thay ddi rat nhidu trong
mot m tiét cling nhu tir 4m tiét ndy sang am tiét khac. Tiéng Phap 1a mot ngdn ngir

co trong 4m, do do tan sO co ban ctua nd thay doi khong nhiu tir am tiét nay dén am



tiét khac. Ching ta str dung cac dic diém bién d6i tan sé co ban dé phan biét cac
ngon ngir.
3. Muc dich nghién curu

Muc dich ciia dé tai Nghién ctru nhan dang ngén ngit néi tu dong dua trén
tan s6 co ban trudc tién 1a dé rén luyén phwong phap va kha niang nghién ciru, sau
d6 tim hiéu vé co quan cdu 4m cua con ngudi, nghién ctru tan s tiéng noi co ban,
nghién ctru mot sé thudt toan phan tich va xur 1y tiéng noi, 4p dung vao mdt bai toan
cu thé. Pay 1a nhimng nghién ctru budc dau vé tan sb co ban dé ap dung vao thuc
tién tai don vi cong tac .

4. D6i twong va pham vi nghién ctru

- Bai todn nhan dang ngdén nglt n6i ty dong dua trén tan s6 co ban va cac van
dé lién quan. Cy thé phan biét ngon ngir tiéng Viét va tiéng Phap.

- Cac thuat toan, phuong phap phan tich va xur 1y tiéng noi.

- D liéu tiéng noi tiéng Viét trong tang thu tiéng noi tai Vién Khoa hoc hinh
su - Bo Cong an va dit lidu tiéng néi tiéng Phép trén Internet.
5. Phuong phap nghién ctru

- Nghién ciru 1y thuyét.

- Thyc nghiém va phan tich két qua.
6. Ciu triic ciia luin vin

Luan vin ngoai phan m& dau va két luan gom 3 chuwong chinh:

- Chuong 1: Téng quan vé bai toan nhin dang ngdn ngit noi tw dong dya trén
tan s6 co ban.

- Chwong 2: Thuat toan va mé hinh hé thdng nhin dang ngdn ngit noéi tw dong
dya trén tan sd co ban.

- Chuong 3: Ung dung.

Trong do, luan van tap trung vao chuong 2 va chuong 3 v6i muc dich nghién
clru tin s co ban dé nhan dang ngdn ngit néi tiéng Viét va tiéng Phap, sau d6 thuc
nghiém nham danh gia mo hinh nay. Mic du c¢6 nhiéu c6 gang nhung do thoi gian
¢6 han. Luén van chic chin con nhung han ché, khiém khuyét. Kinh mong céc thay

6 va dong nghiép théng cam va goép y. Xin tran trong cam on!



CHUONG 1- TONG QUAN VE BAI TOAN NHAN
DANG NGON NGU NOI TU PONG DUA TREN TAN SO
CO BAN

Dé c6 thé nghién ctru nhin dang ngdn ngir tu dong dua trén tan sd co ban noi
chung va ung dung tin sb co ban dé phan biét tiéng Viét va tiéng Phap noi riéng,
truée hét ching ta can phai rd cac khai niém vé am thanh, cac dic trung cua tiéng
n6i va dic diém cua ngdn ngi tiéng Viét va tiéng Phap.

1.1 Tong quan veé tiéng néi va cac dic trung ciia tiéng néi
1.1.1 Nguén goc ciia am thanh

Am thanh 13 do vat thé rung dong, phat ra tiéng ra tiéng va lan truyén di
trong khong khi. S& di tai ta nghe dugc 4m thanh 13 nhd ¢6 mang nhi. Mang nhi ndi
lién v6i hé thong than kinh.

Lan séng 4m thanh tir vat thé rung dong phat ra, dugc lan truyén trong khong
khi, t6i tai ta lam rung dong mang nhi theo ding nhip diéu rung dong cia vat thé da
phat ra tiéng. Nho d6, tai ta nghe dwoc am thanh. Khong khi 1a méi truong truyén
dan 4m thanh, tuy nhién, khong phai tit ca cac am thanh déu dwoc con nguoi thu
nhan ma chi nhitng am thanh cé tan s trong mot pham vi nhét dinh. Nhu vay ban
chit 4m thanh 13 mdt dao dong co tan sb, con nguoi co thé cam nhan duoc tir dao
dong nay. Néu dao dong c6 bién do cang 16n thi 4m luong cang 16n va nguoc lai.
Tan s6 dao dong cta cac am thanh trong tu nhién c¢6 pham vi rong, tuy nhién con
nguoi chi cdm nhén trong mot pham vi nhét dinh.

Am thanh dugc lan truyén trong cac chat khi, 1ong, ran... nhung khong lan
truyén dugc trong khoang chan khong. Mot sé chat truyén dan am kém. Cac chit
dan am kém thuong 1a loai mém, Xép nhu bong, da, cd kho. Cac chét nay goi la chét
hat am, duoc dung 16t tudng céc rap hat, phong cach am... dé giam tiéng vang.

Van tbe truyén lan cua am thanh phu thudc vao chit truyén am, vi du tdc do
truyén am trong khong khi 1a 340 m/s, trong nudc 1a 1480 m/s, trong sat 1a 5000

m/s. Trong qua trinh truyén lan, néu gip phai cic vat chuéng ngai nhu tuong, nii



da,... thi phan 16n nang luong cua 4m thanh s& bi phan xa tré lai, mot phan nho tiép
tuc truyén lan vé phia trude. Con mot phan nho nita cia ning lwong Am thanh bi co
sat v6i vat chuéng ngai bién thanh nhiét ning tiéu tan di.
1.1.2 B¢ may phdt dm

B may phat Aam ciia con ngudi bao gdm cac thanh phan riéng r& nhu phoi,
khi quan, thanh quan va cac duong dan miéng, miii. Trong do:

- Thanh quan chtra hai day thanh c6 thé dao dong tao ra sy cong hudng can
thiét dé tao ra 4m thanh.

- Tuyén am la 6ng khong déu bat dau tir moi, két thic boi day thanh hoic
thanh quan.

- Khoang miii 1a dng khong déu bat dau tir moi, két thuc boi vom miéng, c6
d6 dai c6 dinh khoang 12cm dbi voi nguoi 16n.

- VOm miéng la cac nép co chuyén dong.

Hoc mui

—_

Vom miéng trén
O rang
Vom mi¢ng meém

Dau ludi

Than ludi
Ludi ga
Co miéng

Yét hau

W ® N kWD

—_
o

. Nip dong cua thanh quan

—_
—

. Day thanh gia
. Day thanh

_—
w N

. Thanh quan

._.
N

. Thyc quan

Hinh 1.1 So' @6 by may phat Am ciia con nguoi.



1.1.3 Co ché phit ém

Trong qua trinh tao &m thanh khong phai la &m miii, vom miéng m¢, khoang
miii dong lai, dong khi s€ chi di qua khoang miii. Khi phat &m miii, vom miéng ha
thap va dong khi s& chi di qua khoang miii.

Tuyén am s& duoc kich thich béi ngudn ning luong chinh tai thanh mén.
Tiéng ndi duoc tao ra do tin hiéu ngudn tir thanh mén phat ra, day khong khi co
trong phoi 1én tao thanh dong khi, va cham vao hai day thanh trong tuyén am. Hai
day thanh dao dong sé& tao ra cong hudng, dao dong 4m s& dugc lan truyén theo
tuyén am (tinh tir tuyén am dén khoang miéng) va sau khi di qua khoang miii va
moi, s¢€ tao ra tiéng no6i. Cac am thanh khéc nhau duogc tao ra khi cac co hoat dong
dé thay d6i hinh dang ctia diy thanh 4m, va do d6 thay doi tan s6 cong hudng cia
né, hodc tan sb dinh dang. Tbc do cua céc xung dugc goi la tan s co ban hodc cao

d6. Co ché san xuit giong noi dugc mo ta trong hinh 1.2.

Thanh
quan

i I

ALK

Luc co

Hinh 1.2 So @6 co ché phat Am



1.1.4 Qua trinh san xudat tiéng noi va thu nhdn tiéng noi

SAN XUAT TIENG NOI MHAN DANG TIENG NOI

Higu thimg digp
M ngdn ngilr
A ¢nh than

My
>"I Onia trinh thin kinh ﬂ
kinh van dén ' & A /'
- - Tai
l.iﬂg déin SO0E AT trong
thanh L /i
thanh =
NGUDI ;.im'-\'\iz )@ﬂ NGHE

Hinh 1.3 So' d6 biéu dién qua trinh sin xuit thu nhin tiéng néi

cia con nguoi.

Qua trinh san xuit tiéng noi bt dau tir khi ngudi noi tao ra mot thong diép
(trong ¥ nghi ctia ngudi néi) va mudn chuyén tai né cho ngudi nghe thong qua tiéng
n6i. T6 chire than kinh twong Gmg chiu trach nhiém tao ra thong diép dudi dang vin
ban biéu dién cac tir cua thong diép. Bude tiép theo cta qua trinh 1a chuyén doi
thong diép sang dang mot md ngdn ngir. Diéu nay gan nhu twong duong véi viée
chuyén ddi cac biéu dién vin ban cua théng diép thanh mot chudi cac 4m vi twong
ung véi nhiing 4m thanh tao nén céc tu; Déng thoi voi viée ghi nhan am di¢u nham
xac dinh su kéo dai, sy nhan manh, va trong am cao thép cua am thanh. Khi mt ma
ngdn nglt duoc lya chon, ngudi noi phai thuc hién mot loat cac 1énh than kinh van
dong dé lam cho cac day thanh dao dong, dong thoi ciu trac hinh dang dng din 4m
thanh phat ra mot chudi cac Am thanh. Nhu vdy, dau ra cudi cung cua qué trinh 1a
mot tin hiéu A&m hoc. Céc 1énh than kinh van dong phai diéu khién mot cach déng bo
tat ca cac khau van dong nhu sy hoat dong cuia moi, ham, ludi,...

Khi tin hiéu tiéng n6i da duogc sinh ra va duoc truyén cho ngudi nghe, qua
trinh thu nhan tiéng n6i (hay nhan dang tiéng néi) bat dau. Dau tién, ngudi nghe xir
1y tin hiéu 4m thanh thong qua mang nén cua tai trong, n6 c6 kha ning cung cip
mot phan tich phd cho tin hi¢u tdi. Mot qua trinh xir 1y than kinh chuyén doi tin

hi€éu pho tai dau ra cia mang nén thanh céc tin hiéu hoat dong do6i véi than kinh



thinh giac, c6 thé coi diy nhu mot qua trinh ldy ra cac dic trung. Bang mot phuong
phap dac biét cac tin hi¢u hoat dong di qua hé than kinh thinh giac duoc chuyén ddi
thanh mot ma ngodn ngit cho nhirng trung tim xir Iy cdp cao hon bén trong bd nio,
va cubi cung 1a viéc hiéu duge ndi dung théng diép.

Tir su minh hoa qua trinh nhén dang tiéng no6i thong qua hé thng than kinh
con ngudi nhu trén, chung ta c6 thé c6 mot chut y niém vé kha ning ing dung mang
neuron nhan tao trong viéc mé phong mot s6 td chirc than kinh nhu mot phén cua hé
than kinh thinh giéc.

1.1.5 Pdc tinh am hoc ciia tiéng néi

a. Am hivu thanh

Am hiru thanh duoc tao ra tir cic day thanh bi cing dong thdi va chung rung
dong & ché do dan khi khong khi ting 1én 1am thanh mén mé ra va sau do thanh
mon xep xudng do khong khi chay qua.

Do sy cong huong cua day thanh, séng 4m tao ra c6 dang tuan hoan hodc gan
nhu tudn hoan. Phd ctia 4m hiru thanh ¢6 nhiéu thanh phﬁn hai tai gia tri boi s6 cua
tan sd cong hudng, con goi 13 tan sd co ban (pitch).

b. Am vé thanh

Khi tao ra am vo thanh ddy thanh khong cong huéng. Am vo thanh c6 hai
loai co ban 12 4m x4t va Am tic.

Am xat (vi du nhu am s) dugc tao ra khi c6 su co thét tal vai diém trong
tuyén 4m. Khong khi khi di qua diém co thit s& chuyén thanh chuyén dong hdn loan
tao nén kich thich giéng nhu nhidu ngiu nhién. Thong thuong diém co thit xay ra
gan miéng nén su cong huong cua tuyén 4m anh hudng rat it dén dic tinh cua 4m
xat duoc tao ra.

Am tic (vi du nhu 4m p) dugc tao ra khi tuyén am dong tai mot sé diém lam
cho 4p suat khong khi ting 1én va sau d6 dugc giai phong dot ngdt. Su giai phong
d6t ngdt nay tao ra kich thich nhat thoi cua tuyén am. Su kich thich nay c6 thé xay
ra v6i sy cong hudng hoic khong cong hudng cua diy thanh twong Gng voi 4m téc

htru thanh hoac vo thanh.



c. Am vi

Tin hiéu tiéng néi 1a tin hiéu twong tu biéu dién cho thong tin vé& mit ngdn
nglr va dugc mo ta boi cac am vi khac nhau. Nhu vay, am vi 1a don vi nhd nhét cta
ngdn ngit. Tuy theo timg ngdn ngit cu thé ma sé lwong cac Am vi nhiéu hay it (thong
thuong ) lugng cac am vi vao khoang 20 - 30). Cac am vi dugc chia thanh hai loai:
nguyén am va phu am.

- Nguyén am 14 4m hiru thanh dugc tao ra bang sy cong hudng cta day thanh
khi dong khi duoc thanh mon day 1én. Khoang miéng dugc tao 14p thanh nhiéu hinh
dang nhét dinh tao thanh cac nguyén am khac nhau. S6 luong cac nguyén 4m phu
thudc vao tirng ngdn ngir nhat dinh.

- Phy 4m duogc tao ra boi cac dong khi hon loan dugc phat ra gﬁn nhitng diém
co thét cua duong dan am thanh do cach phat am tao thanh. Phu &m c6 déc tinh hiru
thanh hay v6 thanh tuy thudc vao viéc ddy thanh c6 dao dong dé tao nén cong
huéng khong. Dong khong khi tai chd dong ciia vom miéng tao ra phu 4m tic. Phu
am xat dugc phat ra tir chd co thit 16n nhat.

1.1.6 Cadc ddc tinh khac

a. Ty sudt thoi gian

Trong khi no6i chuyén, khoang thoi gian noéi va khodang thoi gian nghi xen k&
nhau. Ty 1& % thoi gian noi trén tong sd thoi gian ndi va nghi duoc goi 1a ty suat
thoi gian. Gia tri ndy bién doi tuy thudc vao téc do noi va tir d6 ta co thé phan loai
thanh n6i nhanh, néi cham hay n6i binh thudng.

b. Tén so6 liy méu

Ban chat cua 4m thanh 13 cac song am. Py 1a tin hiéu twong tu. Dé co thé
biéu dién 4m thanh trong may tinh va ap dung ki thuét xur 1y tin hiéu sd thi budc dau
tién 1a phai chuyén ddi cdc tin hiéu twong tu thanh cac diy sb. Qua trinh nay duoc
thé hién bang cach ldy miu tin hiéu 4m thanh theo chu ky (dugc goi 1a chu ky ldy
mau).

Véi tin hiéu twong tu x(t), chu ky ldy mau T (tin sé lay miu 1/T) thu dugc
day sb X(n): X(n) = x(n*T) véi -0 <n <



DPé dam bao qua trinh s6 hoa khong 1am mat mat thong tin cta pho tin hi¢u
thi tin sb 14y miu Fs = 1/T phai du 16n. Gia tri du 16n cua Fs phai tuan theo dinh ly
14y mAu: Tin hiéu lién tuc theo thdi gian c6 bé rong phd hitu han véi tan s cao nhit
f Hz c6 thé dugc khoi phuc mot cach duy nhat tir cac mau néu qua trinh 1iy miu
thuc hién véi tde do Fs >= 2f mau trén mot giay. Ddi chuan cua file Am thanh thi
tan s6 1y mau thap nhat 1a 800 Hz diéu nay nghia 1a qué trinh sé hoa chi duoc ap
dung v&i tin hiéu twong tu ¢6 tan sd cao nhit 13 4000 Hz phu hop véi tiéng néi con
ngudi co tan sd tir 40 Hz - 4000 Hz.

c. Formant

Formant hay con goi la cac hoa am, doéng vai trd tao nén am sic clia Am
thanh. Formant 13 giai tan sd dugc ting cudng do hién tuong cong huong, dic trung
cho am sic cia mdi nguyén am. Trong mdi dai tAn nhu thé c6 mot tan s duoc ting
cuong hon ca va dugc goi la dinh cta formant, mot nguyén am do ngudi phat ra cé
nhiéu formant, trong d6 c6 2 formant twong wéng véi hop cong hudéng miéng va hop
cong hudng yét hau, cac formant khac dic trung cho giong néi cia tirng nguoi.

Véi pho cua tin hiéu tiéng n6i, mdi dinh c6 bién do 10n nhat xét trong mot
khoang nio d6 (cuc dai khu vuc) twong Gmg véi mot formant. Ngoai tin sb, formant
con duoc xac dinh boi bién do va dai thong. Vé mat vat 1y cac formant twong tng
v6i cac tan s6 cong hudng cua tuyén am. Trong xir 1y tiéng noi va nhét 13 trong tong
hop tiéng noi, d& moé phong lai tuyén Am ngudi ta phai xac dinh dwgc cac tham sb
formant dbi véi tung loai &m vi, do d6 viéc danh gi4, udc lugng cac formant co y
nghia rit quan trong.

Tan s formant bién d6i trong mot khoang rong phu thudc vao gidi tinh ciia
ngudi noi va phu thudce vao cac dang am vi tuong ung voi formant do. Déng thot,
formant con phu thudc cac am vi trude va sau do. Vé cAu trac tu nhién, tan sd
formant c6 lién hé chit ch& véi hinh dang va kich thuée tuyén am. Thong thudng
phd cia tin hiéu tiéng néi c6 khoang 5 formant nhung chi c6 3 formant dau tién anh
hudng quan trong dén cac dic tinh cua cac 4m vi, cac formant con lai ciing ¢6 anh

hudng song rét it.
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Tan sb formant dic trung cho cic nguyén am bién ddi tuy thudc vao ngudi
noi trong diéu kién phat am nhét dinh. Mic du pham vi cua cac tan sd formant
tuong tng véi mdi nguyén am co thé trum 1én nhau nhung vi tri gitra cac formant 1a
khéng dbi vi su xé dich cua cac formant 1 song song.

d. Tan sé co bén

Séng 4m do con ngudi phat ra rat phire tap. N6 c6 dang dudng cong phtc tap
¢ chu ky. Khi phat ra mot 4m c6 tan s6 FO thi dong thoi cling phat ra 4m c6 tan sb
2F0, 3F0, 4F0, ... Am c6 tan s6 FO dugc goi la am co ban, tan sé FO duoc goi la tAn
sb co ban cac am khac duoc goi la cac hoa am (Formant) thu nhét, hoa am thir 2.
Am cudi cung (Am nghe dugce) 1a 4m tdng hop ciia 4m co ban va cac hoa am. Do d6
duong biéu dién cta né 1a mot dudng cong phirc tap cb tan sd 1a tin sd co ban.

Déi voi nhitng nguoi néi khac nhau, tin sé co ban ciing khac nhau. Dudi day
12 mot s gia tri tan s6 co ban tuong tng véi gidi tinh va tudi:

Bang 1.1 Bang gia tri tin s6 co ban

Gia tri tan s6 co ban Nguoi noi
80 -200 Hz Nam gidi
150 - 450 Hz Phu nir
200 - 600 Hz Tré em

e. Chu ky cao do (Pitch)

- Binh nghia 1: Chu ky cao do cua tin hiéu tiéng noi 1a thoi gian troi qua giita
hai xung thanh mon lién tiép. Viéc do bit ddu ¢ mot thoi diém xéac dinh trong mot
chu trinh thanh mén, tot nhat & thoi diém dong thanh mén hay néu thanh mén
khong déng hoan toan thi ¢ diém ma dién tich thanh mén nho nhat. Thuat toan phat
hién cao do cua theo dinh nghia nay. Néu chi cin ctr vao gia tri tic thoi ca chu ky
cao do dé xac dinh duong van dong chu ky cao dd ma khong loai bd cac chu ky cao
d6 bi bién dang thi duong nay s& khong tron nén nhan dang s& kém chinh xAc.

- PBinh nghia 2: Chu ky cao d6 1a do dai trung binh cua mét vai chu ky, l1a
thoi gian tréi qua trung binh ctia mot sd it chu trinh kich thich lién tiép. Xéac dinh
gia trj trung binh nhu thé ndo va trén bao nhiéu chu ky phu thudc ting phuong phap
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trich chu ky cao d§. Céc thuat toan xdc dinh chu ky cao dg trung binh theo ham ty
tuong quan, ham hi¢u bién do trung binh theo dinh nghia nay.

2. Bién do

Bién d6 1a mot dac trwong quan trong cua song am. Song am thanh khi thu
vao may tinh khi dugc thu vao may tinh s€ dugc s6 hoa thanh mot chudi cac sd roi
rac voi mién gia tri tiy theo do phan giai. Do phan giai duoc hiéu theo nghia 13 sb
bit duoc dung dé luu trir mot mau thu dugc trong qué trinh 14y mau. Vi do phan
giai 8 bit, dugc goi 1a 4m thanh mono, mién gi tri ciia mau la khoang déng [0,255];
d6 phan giai 16 bit (stereo), mién gia tri nay la khoang déng [0,65535]. Do d6 xac
dinh chinh x4c bién do cta song 1a mot bai toan khé va trén thuc té khong phai giai
quét tuyét ddi chinh x4c vi cai ma ta can thuc su quan tam la sy bién thién cua bién
d6. Do @6 bai toan nay thudng duoc giai quyét bang bai toan gan ding. Trudc hét ta
xéac dinh ngudng gan dung ngudng khong, sau d6 bién do s& duogc tinh bang tri tuyét
db1 hiéu gia tri sb hoa trir di gia tri ngudng khong. Gié tri ngudng khong tuy thudc
vao tirng SoundCard.

h. Nhiéu

Nhiéu & mot trong cac yéu t6 1am cho bai toan nhan dang trd 1én vo cing
phtrc tap. DPai lugng nhiéu dugc xem nhu mét dai lugng ngﬁu nhién, lam bién ddi
tin hiéu can nhan dang. Do d6 loc nhiéu 12 mét khau can thiét phai tién hanh trong
qua trinh xu 1y tin hi¢u.
1.2 Pic diém ciia ngén ngir tiéng Viét va tiéng Phap

Nguyén tic cua hé thong nhin dang ngdn ngir ty dong dya trén cc tinh ning
ciia mot ngdn ngit cu thé. Dic trung cia giong ndi ciing nhu phat 4m khac nhau tir
ngdn ngit ndy sang ngdn ngir khac. Do d6, dé xay dung mot hé thong nhan dang
ngdn ngit ty dong cho mot s6 ngdn ngit nhat dinh, chung ta phai ndm viing cac dic
trung cia cic ngdn ngit d6. Bang cach nim vimg cac dic trung cta ngdn ngi,
chung ta c6 thé rit ra cac dic diém cu thé cua ting ngdn ngir hiru ich cho viée giai

quyét vin dé nhan dang ngodn ngir.
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1.2.1 Diic diém ciia ngén ngii tiéng Viét

Tiéng Viét 1a ngdn ngir str dung cac ky ty Latinh va né c6 mot sé dic diém
nhu sau:

- Tiéng Viét 1a mot ngdn ngir don am tiét.

- Tiéng Viét 1a mot ngdn ngit ngit didu.

- Trong tiéng Viét, am tiét 1a nhitng don vi nho nhat mang thong tin c6 y nghia.

- Trong tiéng Viét, khong c6 su thay d6i vé 4m tiét trong thi, gidi tinh, sb it
hodc sd nhiéu. (Vi du, trong tiéng Phap c6 danh tir chi giéng duc va danh tir chi
gidng cai: étudiant - étudiante, nouveau - nouvelle, danh tir sd it va danh tir s6
nhiéu: amie - amies).

- Céu trac tir trong tiéng Viét khong co cac phuy to (tién td, hau td, trung t).
Vi du trong tiéng Anh hay tiéng Phap, céc tir trai nghia dugc tao ra bang cach thém
tién o “im-", “ir-”, “un-"": impolite, unreadable, irregular....

- Mbi 4m tiét c6 4m diéu riéng.

- Hé théng am diéu tiéng viét Viét gom sau am.

- Mot am tiét tiéng Viét ¢ cau trirc C-V.

a. Ciu triic cia tiéng Viét

Mot am tiét tiéng Viét duoc két hop chit ché béi ba thanh phan chinh véi cac
mutrc do doc lap khac nhau; do 1a cac phu am chinh, van va thanh diéu. Trong do
phan van lai dugc chia thanh 3 phan nhé hon 13 nguyén 4m chinh, nguyén 4m dém

va phan cubi cung. Cac thanh phan ctia mot am tiét dugc trinh bay trong bang 1.2.

Bang 1.2 So d6 tiéng Viét
Thanh

VAN

PHU AM R R R ,
Am dém Am chinh Am cuoi

Vi dy am tiét “Toan” trong d6 phan trudc 1a /t/, van 14 /oan/. Trong van /oan/,

am dém 1a /o/, nguyén 4m chinh 13 /a/, va phan 4m cubi 1a /n/ va thanh séc.



b. Hé thong am dau

13

Tiéng Viét c6 22 phu am dau bao gém: /b,m, f,v,t,t’,d, n,z 75,5, ¢,

Lk, % n,y, h, ?/. Cac tién tb phu am dugc phan biét nhu 1a phu am xat, dung va am

miii. Do do, chung ta co thé phan loai tién to phu am tiéng Viét thanh cac loai nhu

mo ta trong bang 1.3

Bang 1.3 Bang hé thong 4m dau tiéng Viét

Viwd| | Dauledi | oo | e | Thank
Ma6i : : i
Phuong thirc Bot |Lwpi| ledi | ledi | hau
Batho i
7 On | Khong | Vo thath t |t c k 7
bathet  |[Hfku thanh b | d
Wang m i} i
B V& thanh f z 5 ¥ h
Hat Hitu thanh v z 7 L
Vang 1

c. H¢ thong am dém

Am dém /w/ c6 chlrc ndng lam trAm hod am sac cua am tiét.

d. H¢ thong dm chinh

Tiéng Viét c6 13 nguyén 4m don va 3 nguyén 4m d6i 1am am chinh: /i, e, &,

¥,¥,a,w,a,u 0,99, ¢, le, wy, uo/

Bang 1.4 Bing hé thong Am nguyén am tiéng Viét

Vi tri heir, Tree San
. hinh dan TRuc,
Am 2 € khing
sic e tril Ehiong .
P mé s =7 = | Tron méi
Ex e mii trin maii
cia miéng
IThe 1 . u
s [y
Lan wira E w5 o
dinh v
Lén Bl ald a3
Khéng cé dink 1e ugy i1
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e. H¢ thong am cudi
Hé théng am cudi tiéng Viét c6 6 phu am /m, n, 1, p, t, k/ va hai ban nguyén
am /-w, -j/.

Bang 1.5 Bing hé thong 4m cudi tiéng Viét

Vit . Lwin
’ Mai : : = -
Phueong thire Pauledi | Gocleii
On P t k
s Lt . m 1 . 1
Ehing mi -W -1

g. H¢ thong thanh di¢u

Tiéng Viét 1a ngdn ngit ¢6 thanh diéu, ngir nghia ctia mot tir phu thude vao
thanh diéu, khi thanh diéu thay d6i, nghia cua tir cling thay d6i theo. O cp do vat
1y, thanh diéu 1a duong cong cua tan s co ban (F0), twong tmg vi mdi thanh diéu,
tan s co ban thay doi theo mot quy luat riéng. Hé thong thanh cua tiéng Viét tuong
dbi phire tap. N6 thay ddi theo ting ving mién. S6 luong cac thanh cé thé thay doi
tir 6 (giong Ha Noi) dén 5 (giong Thanh phd HO6 Chi Minh) hodc dén 4 (giong mién
Trung). Béi vi giong Ha Noi duge coi 1a phwong ngit chudn cia Viét Nam, nén
phan sau ta s& chi quan tdm dén céc thudc tinh cua giong Ha Noi. Tiéng Viét c¢6 6
thanh diéu duoc phan thanh hai nhom: nhom c6 quing 4m cao (ngang, ngi, sic) va
nhém c6 quing am thap (huyén, hoi, nang).

- Thanh “ngang”: Dy 1a mot thanh cao. Diém bit ddu duong FO cta thanh

nay cao hon cac thanh khéac, dang diéu duong FO cua thanh nay 1a thing va 6n dinh.

H a5

100 LU FHH) A0 AN
o - et - s timeris)

Hinh 1.4 Dang diéu duwdng F0 ciia thanh “ngang”
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Mot vi du vé dang diéu cua dudng FO cua am tiét /ba/ véi thanh ngang dugc
mo ta trong Hinh 1.3. Hai dudng trong hinh bén phai thé hién duong ngir diéu cua
hai giong nit cao nhit va thap nhit. Néu goi FO 1a tan sb twong tng voi 4m khong
dAu, thi su thay ddi tan s6 co ban cua dau huyén ¢6 thé duge md ta nhu sau:

F0, F0-10, F0-20, F0-30, F0-40, F0-50, F0-60
- Thanh “huyén”: Piém bt dau cua thanh nay thdp hon so vdi cia thanh

“ngang”. Dang diéu duong FO chung ciia thanh nay giam dan dén cudi am tiét.

- 450
ilif 400t
memmw—- 350
= 30
S/ T —
T To—
= 200
------------ s —
100
50
n " o " i
o 100 200 300 400 500
o — e —— - lime{ms)

Hinh 1.5 Déng di¢u dwong FO ciia thanh “huyén”
- Thanh “ngd”: Gi4 tri bat du cta thanh ngd cao hon cta thanh “huyén”.
Doan giita ctia thanh nga bi gdy 1a do c6 su di chuyén co thét thanh mon. Dang diéu

duong FO chung cua thanh nay thap hon & giita va sau do ting 1én & cubi.

| r
! -y

g
100
&0
|:| " " " "
100 200 300 400

i : —- ) tirmeims)

500

Hinh 1.6 Dang di€éu dwdng F0 ciia thanh “nga”
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- Thanh “hoi”: Gia tri khoi dau FO cua thanh hoi 1a nho nhét trong 6 thanh.

Gié tri FO giam dan dan cho dén hon 2/3 Am tiét, sau d6 bat dau tang tr¢ lai cho dén

cudi am tiét.

— o

&0

400

300
= i
= 200 —

=
100 T
o
i} 100 200 300 400 500

tirme {ms)

Hinh 1.7 Dang diéu duwong F0 cia thanh “héi”

- Thanh “sic”: Piém bit dau cua FO 1a cao, thanh sic c6 2 dang khac nhau

trong cac am tiét mo va trong cac am tiét dong. Dang diéu duong FO chung cua

thanh nay gilt 6n dinh tir dau dén gitra, va sau do6 tang 1én ¢ cuoi.

fiHz)

- . -
|
| |
L i
—
-
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1 el
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P
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400

Hinh 1.8 Dang di¢u dwong F0 cia thanh “sic”
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- Thanh “nang”: Dang di¢u duong FO chung cua thanh nay gidm manh & cudi
doi véi cac am tiet mo. POoi voi cac am tiét dong, duodng vién cao do chung cua

nhitng &m nay 6n dinh & am thap.

|

""" ————— 150 k.
" -\-H“"--\.\_

100
; S0t
“ — ;

o 100 200 300 400 500
[ e = timeims)

450

. I'I_‘:WM\% ! ;::
| 300

§

B = 150 P ]

Sl Sy = . 0

— s fes ] 100 200 300 400 s00

..... — time{ms)

Hinh 1.9 Dang diéu duwdng FO cia thanh “nang”

1.2.2 Diic diém ciia ngén ngii tiéng Phdp

a. Mt vai ddic trung ciia tiéng Phdp

Céc tir tiéng Phap chi ngudi, dia diém va sy vét (danh tir) duoc phén loai 1a
gidng duc hodc giéng cai. Noi chung, tinh tir dugc st dung dé mé ta cac tir gidng
cai két thuc bang e.

Le (hinh thire gidng cai cua the) duoc st dung véi cac tir gidng duc. La (hinh
thirc gidng cai cta the) duge sir dung voi cac tir giéng cai. Nhung /’, duoc st dung

v6i mot trong hai néu tir bat diu bang mot nguyén am. Vi du, tir enfant co nghia 1a tré
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em hodc tré so sinh, gidng duc hodc gidng cai. Nhung [’enfant est né (dira tré dugc
sinh ra) dugc st dung voi mot dua tré nam, va [’enfant est née véi mot dira tré nit.

b. Cdc cdu tric da dang ciia tiv

Trong tiéng Phap, hinh thirc ciia mot sb tir s& thay doi tuy theo cach chung
duoc sir dung trong mot cAu. Danh sach tir ndy cung cip céc hinh thuc tiéu chuan
ctia mdi tir tiéng Phap. Khi ban doc doan ghi 4m tiéng Phap, ban s& can luu y rang
mot s6 tir thay ddi theo cach sir dung.

Céc dang sb nhiéu cia cac tir tiéng Phap thuong duge tao bang cach thém s
hodic x vao cac tir s6 it. Do do fiére tré thanh fréres, va beau trd thanh beaux. Sb
nhiéu cta beau-frére (anh ré) 1a beaux-fréres (anh ré).

Trong tiéng Phap c6 nam déu phy (ddu). Chung duoc dit trén cac nguyén am
hodc dudi chir ¢ dé chi ra sy thay ddi trong cach phat am. Cac dau phu sau ddy duoc
st dung trong tiéng Phéap:a, d,¢, ¢ ¢, é, 1, i, 0, 6, u, u va ¢. Cac ¢ dugc phat am nhu
12 mot s. Nhitng dau phu nay khong anh huéng dén trat ty chir cai

c. Dac tinh [*clitic]

Mot tir (hodc mot 4m tiét) 13 nhdn am hodc khong nhin 4m tiy thude vao céc
thudc tinh tir vung hodc hinh thai. Nhiing tir nhdn 4m dugc cho 1a mang trong 4m
clia tir, nhung day thyuc sy chi 1a mot trong 4m tiém ting vi nhiing tir ¢ trong 4m
khéng can phai luon ludn duoc nhin manh. Tir ngit khong c6 trong am dugc t6 chic
lai xung quanh nhirng tir c6 trong 4m. Pon vi két qua, nhém trong am (SG), van
quan tdm dén trong 4m that vi 1y do néu trén. Mot nhom nhip diéu (IG) c¢6 duoc khi
ngudi n6i chon mot chudi 4m cu thé (tir chudi duoc cho phép béi ngit phap ngit
diéu) va két hop né véi mot phan cua chudi phan doan tuong ing véi mot hoic
nhiéu nhom trong am lién ké. Trong khi viéc st dung chudi 4m tao ra su hinh thanh
nhém nhip dié€u, su lya chon thuc té ctia Am duoc nhdn manh (trong s6 cac Am khac
tur vi tri AF) s& xac dinh kha nang nhém nhip diéu nay véi cac nhém nhip di¢u lién
ké trong chudi. Ching ta str dung goi thuat ngir dé chi moét nhém gdm mot hoic
nhiéu nhom nhip diéu dugc lién két boi co ché phan nhém ngdn diéu. Cac phin sau

day mo ta cac don vi va quy tic cho cac cap khac nhau, bat dau véi cp thap hon.
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Khi mét tir ¢ thé béng chinh nhém trong 4m ctia né hoac co thé cau tao
thanh trung tdm cua mdt nhém trong am va do d6 tré thanh mot nhém nhip di€u, no6
khéng phai 1a tir ngit thong thudong. Mot sb tiéu chi di duoc dua ra dé xac dinh céac
16p tir nhan 4m va khong nhan am:

- Nhan dang tr vung: DPdi véi mbi hinh thai tir vung, hay néu dac trung
[£clitic] ciia n6 (vi dy: man man la [-clitic]).

- Thé loai ngir phap: vi du cac danh tir 1 [-clitic].

- Chirc niang cu phép: vi du chu dé 1a [-clitic]

- Danh muc ct phép: vi du Cym danh tur 1a [-clitic].

Trong tiéng Phap, mot ngdn ngit ¢6 quy tic trong 4m, vi tri trong 4m co thé
du dodn dugc tir cac gidi han ctia nhém trong am; vi vay khong can chi dinh am tiét
nao trong tir mang trong 4m. Piéu nay s& 1a can thiét trong ngdn ngit ¢ trong am tyr
do. Vi ly do ndy, ngudi ta c¢6 thé noi vé cac am tiét [+clitic], trong d6 mot am tiét ¢6
trong am thuong 1a mot Am tiét mang trong 4m trong mot tir nhan am.

d. Thanh ldp nhom trong am

Trong cac vi du sau day, cac 4m tiét khong c6 trong 4m duogc biéu thi bang
cac ddu cham trén 16p “WS” (d6i voi trong 4m tir) va cac am tiét c6 trong Am bang
ki hiéu o; trén 16p “SG”, cac ranh gidi cua SGs dugc biéu thi bang diu ngodc va cac
am tiét co trong Am bang dau tru.

Vidu (1): Tu le vois, cet admirable bateau? Vois-tu le probleme?

WS e o O o 0 e 0 e O O © e e O
SG (ee ) (se - (o) (s -)e e o)
Quy tdc 1: Mot nhém trong am dugc tao thanh tir mot tir nhan am N1 va tat

ca cac tir khong nhan 4m duogc chi phdi boi N1 (nhu trong fu le vois trong vois-tu)
hodc boi mot tir nhdn 4m N2 khac 1an luot chi phdi N1 (nhu trong cet admirable).
Nhu c6 thé thiy vois-tu trong vi du (1), vi tri trong Am c6 thé chuyén tir mot
am tiét nhdn 4m sang mot am tiét khong nhdn 4m, it nhét 13 trong cac ngdn ngit
trong am bi rang budc. Chinh hién tugng nay giai thich sy can thiét cua hai cép do

(WS va SG) trong cac ngdn ngir do.
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Tuy nhién, khi mot tir khéng nhin am dugc tach tir mot tir nhdn 4m ctia minh
bdi mot hodc nhiéu thanh phan khong c6 quan hé ct phép, thi tir khong nhén 4m do6
cling tao thanh mot SG (nhu d6i véi qui).

Vidu (2): Rene’, qui, tu le sais bien, ne nous aime pas tellement ...

WS 0 © ee O O e o o e o O

SG (e ) (N(ee ) (e e ) () )

e. Thanh lgp nhom ngir diéu

Vi du (3a-c) cho thay cac hinh thirc khac nhau ciia ciing mot cach néi, véi sb
lugng cac nhom ngir di€éu khac nhau (IGs). Cac nhém ngir di€u duge bao quanh boi
cac ddu ngodc trén 16p c6 nhan 14 “IG”. Dau cong biéu thi mot am tiét v6i am diéu
ciia md hinh giai diéu AF. Ngudi noi c¢é thé sip dit mot nhom ngit didu toi mdi
nhom trong Am (nhu trong vi du 3a) hodc anh ta c6 thé két hop nhiéu nhém trong
am vao mot nhom ngir di€u (nhu trong vi du 3b), véi diéu kién céc rang budc cu
phéap sau dugc dap ung; mot SG nén dugc nhém véi SG, n6d phu thude vao ci phap
trude khi c6 thé duge nhom véi bat ky SG nao khac. Vi vay (vi du 3c) 1a sai vi ainsi
bi chi phéi boi voir chir khong phai boi attriste.

Vidu (3): de la voir ainsi m’attriste beaucoup

WS e e 0 e 0 ® O ® O

SG (¢ e -) (e )( * - ) (s -)
@IG (¢ o ) (¢ H)( o+ ) (¢ +)
(b) 1G (o ° ° o f)( o o o +)
(©)*IG (o o +) (o o e+ ) (o +)

Quy tdc 2: Mot 1G duge tao thanh tir mot hodc nhiéu SG lién ké duoc diéu
chinh vé mit ct phap boi mot yéu tb xuat hién trong chudi tuyén tinh tao nén IG.

Vi mét chudi cac SG co thé duoc sip xép theo nhidu cach, tirc 1a voi sb
lugng Ig khic nhau, cdu hoi dit ra vé tac dung ngit nghia cia cac sip xép khac
nhau. Nhiéu SG duoc hop nhét vao mét IG don 1é cho thiy su gin két ngir nghia
16n hon; IG tao thanh mét don vi nglr nghia.

Ngoai ra, khi cac thanh di€u c6 hi¢u ung nghich 1y (nhu tiéu cy hoac do

twong phan nghich 1) duoc st dung, pham vi ctia ching bi gidi han & cac yéu t6



21

trong IG, vi vy cac gidi han cua IG rat can thiét cho viéc giai thich ngir nghia cua
mau ngir diéu.

g. Cac goi va nhom ngon diéu

Bt ky nhém IGs nao cling cho théy mot nhom ndi bd phu thudc vao thanh
di€u duoc su dung. Trong tiéng Phép, nhém nay dugc xac dinh boi cac thanh diéu
cua vi tri AF. Do d6, co ché nhom ngén diéu 1a mot quy tic cua tiéng Phap.

Ouy tdc 3: Quy tic trén nhom ngdn didu: D1 véi bat ky hai IGs lién tiép nao:
néu thanh diéu & vi tri AF cta IG cubi cung chiém uu thé so v&i IG dau tién, sau d6
s€ cO hi¢u ung 4n cta IG dau tién trong gidy thir hai; mat khac, hai IG 1a doc 1ap.

Nhém ngon diéu duge dé quy: N6 c6 thé duoc ap dung cho cac hinh thirc
don vi bdi mot bude trude do6. Goi duge st dung dé chi két qua cua mdt hoat dong
nhém; mdt goi chira mot hoac nhiéu IGs.

h. Nhém ngén didu va céu tric cii phdp

Nhiéu tic gia lwu y riang viéc phan nhom ngdn diéu phai tuan theo céu trac
¢t phap. Nguoi ta thudng cho rang cac ranh gidi ngon diéu (va do d6 phan nhém
ngon di¢u) phai ty 1€ thudn vdi cac ranh gidi ¢l phap.

Vi céc gi6i han ciia goi duoc xac dinh boi cac IGs va cubi cung 1a boi cac
SGs va vi sau nay co thé 1a mot thanh phﬁn, mot phﬁn cua thanh ph'?ln, hodc nhiéu
thanh phan hon, cac goi khong can phai cé kich thudc ctia cac thanh phan.

Quan diém tuong tng ngu ¥ su bat kha thi cua viéc c6 mot ranh gidi ngdn
diéu chinh tai mot ranh gidi bén trong ctia mot thanh phan ct phap phirc tap. Tuy
nhién, dir lidu giong no6i cho thay cic truong hop trong d6 mot goéi hop nhat mot
thanh phan dau tién chi v6i mot phan cua thanh phan tiép theo.

Vi viéc phan nhom ngoén di€u chi co thé dua ra mot sd lugng han ché céc
quan hé phan cép, nén co ché khong thé tai tao toan bd cu trac ci phap, ngay ca
ddi voi cac cau co do phurc tap cu phap vira phai. Vi vy, dén mot lic nao do su
ddng nhat s& tht bai.

Pac biét vdi cac thanh di¢u tuong phan, nguoi ta co thé tim théy mot hoac

nhiéu thanh phan 1a phan khong nhan am cia mot IG, ngay ca vdi cac yéu to chi
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phdi vé mit chi phap. Nhitng su that ndy chi ra mét tiéu chi méi cho sy dong nhat vé
cu phap ngodn tur.

Quy tdc 4: Néu céc phﬁn tir duge nhom duoc lién két boi mot mbi quan hé
hoa tri, cac IGs ¢ thé duge nhom trong mot goi va cac goi thanh cac goi 16n hon.
Khéng c6 yéu cau nao cho viéc bao gom cac thanh phan hoan chinh.

Su thé hién 6 rang cua cac cip do WS, SG; IG va cac gbi trong cdu trac
ngodn diéu cho phép cac mbi quan hé giita ngir diéu, ¢l phap va hinh thai dugc xac
dinh chinh x4c va hy vong s& mang lai hiéu biét t5t hon vé tuong tac ctia ching.

1.3 Két luin chwong 1

Trong chuwong nay luan vin da gi6i thidu tong quan vé tiéng noi, cac dic
diém va su khac nhau ctia ngon ngir tiéng Viét va tiéng Phap. Tiéng Viét 1a mot
ngdn ngit c6 thanh diéu, do d6 tin sb co ban ciia nd thay déi rat nhidu trong mot 4m
tiét cling nhu tir 4m tiét sang am tiét. Tiéng Phap 12 mot ngdn ngit ma ngdn didu co
trong am, do d6 tin sd co ban cia né thay doi khong nhiéu tir am tiét dén am tiét.
Trong chuong tiép theo luan vian s& trinh bay cac thuat toan va mé hinh hé théng

cua bai toan nhan dang tiéng nodi dua trén tan so co ban.
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CHUONG 2 - THUAT TOAN VA MO HINH HE THONG
NHAN DANG NGON NGU NOI TU PONG DUA
TREN TAN SO CO BAN

2.1 Phan tich dit liéu tiéng néi

Trong xir 1y tiéng nodi bao gdm: phan tich tiéng noéi, tong hop tiéng néi va
nhén dang tiéng noi. Viéc phan tich tiéng ndi 1a vin dé& quan trong quyét dinh dén
két qua cua xur ly tiéng ndi theo huéng nhan dang hay tong hop. Viéc phén tich
tiéng noi tot sé cho ta trich chon cac dic trung co ban, quan trong nhit cua tiéng néi
dé phuc vu cho cong viéc nhén dang.

Nhu vdy muc dich cua viéc phan tich tin hi¢u tiéng néi nham tach ra duogc
cac tham sd didc trung cho tin hiéu tiéng nodi. Cac tham sb nay s& dugc Gng dung
trong nhan dang hay tong hop tiéng noéi. Muyc dich ctia @6 4n 1a trich chon ra cac dic
trung: chu ky cao do cua tiéng noi tir d6 xac dinh dugc tan s6 co ban, béi tan sd co
ban dic trung cho thanh di¢u cia tiéng noi. Viéc xac dinh tot dac trung trén s€ cho
phép ta xdy dung duoc ing dung nhan dang thanh diéu dat chat luong tét.

2.1.1 Trich rit dic trung trong mién thoi gian
a. Ham tu twong quan (ACF)
Trong xi 1y tin hiéu sd, ham ty trong quan cua tin hiéu x(n) dugc dinh nghia

nhu sau:

o0

R(k)= Y x(m).x(m+k)
m=—o (2.1.1)

D& thdy rang néu tin hiéu x(n) tudn hoan véi chu ky P thi ham ty twong quan
cling tuan hoan véi chu ky P: R(k) = R(k+P)

Hon nita ham tu trong quan con c¢6 nhimng tinh chat quan trong sau:

- La ham chan R(k) =R(-k)

- R(k) dat gia tri cuyc dai tai O : [R(k)| < R(0) v6i moi k
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- Gi4 tri R(0) chinh bing ning lugng tin hiéu

0

R(k)= D x*(m)

m= = (2.1.2)

Dua vao céac tinh chit trén ta c6 nhan xét: Ham tu twong quan s€ dat gia tri
cuc dai tai cdc mau 0, £P, +2P,... va bﬁng gia tri nang luong cua tin hiéu, cac diém
cuc dai dugc goi 1a cac dinh (peak). Nhu vay viéc xac dinh chu ky co ban cua tin
hiéu tiéng ndi s& dua vé viéc xac dinh chu ky ctia ham tu twong quan.

bé ap dung cho mot doan tin hi¢u tiéng noéi, ta phai xac dinh ham tu tuong
quan thoi gian ngan.

Trude hét ta nhan tin hiéu voi ham ctra s6 thich hop w(n), khi d6 ham tir
tuong quan dugc biéu dién bang cong thirc:

o0

R, (k) = Z x(m)w(n—m)x(m+k).w(n—m-k)
— (2.1.3)

Biéu thirc trén c6 thé hi€u nhu sau: dau tién mot doan cua tin hiéu tiéng noi
duoc lua chon bang cach nhan véi ctra so6; sau d6 viéc xac dinh ham ty twrong quan

theo cong thire dinh nghia dugc ap dung cho doan tin hi¢u da qua cura $0.

(N = ]

Y WD W WS S— N | N R T | VSR W W N_—— U —
oo VS0 200 250

Hinh 2.1: M6 td ham ty twong quan

Trong hinh 2.1: a,b 1a am hiru thanh, ¢ 1a &m v6 thanh véi cla s6 N=40.
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D& thay:
Ru(-K) = Ru(K)

00

R, (k) =R (—k) = Z [x(m).w(m—k)]|[x(n—m).w(n—-—m+k)]
Va =

Néu dinh nghia hk(n) = w(n).w(n+k)

0

R, (k)= "> [x (m)x(m—k)].h,(n—m)
m=—o (2.1.4)

Tuac 1a Ry(k) dat dugc bang cach cho x(m).x(m-k) qua bd loc c6 dap tmg
xung hg(n).
Viéc tinh todn ham ty tuong quan thoi gian thuc dugc tién hanh béng viéc sur

dung biéu thic dinh nghia duoc viét lai nhu sau:

R (k)= i Pe(m+m).w (m)]pd(n+m+k).w (m+k)]
oo (2.1.5)

voi w’(n) = w(-n).
Néu w’ 1a ctra s6 Hamming hoic chir nhat thi biéu thtrc trén c6 thé biéu dién
nhu sau:

N-1-k

R (k)= Z [x(m+m).w (m)|[x(n+m+k).w (m+k)]
e (2.1.6)

Khi tinh toan ham tu tuwong quan viéc lya chon N Ia rat quan trong. Do su
khéng 6n dinh cua tin hiéu tiéng nodi nén gia tri N cang nho cang tot. Mit khac dé
ham ty twong quan tudn hoan thi ctra sd phai c6 chiéu dai it nhat 2 ntra chu ky cua
song tin hiéu. Mt khac khi tinh toan ham tu trong quan thudng dwoc chuin hoa vé
1 don vi.

b. Ham vi sai bién d¢ trung binh (AMDF)

Xét chudi vi sai sau:

d(n) = x(n) — x(n-k) (2.1.7)
D& thiy rang d(n) tuan hoan cing chu ky P véi tin hiéu gdc x(n) va dat gia tri

bang 0 tai cac mau 0, +kP,...
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Bién d6 trung binh thoi gian ngin ciia d(n) 1a mot ham cta k c6 gia tri nho
khi k gan chu ky. Ham vi sai bién d6 trung binh thoi gian ngin (AMDF) dugc dinh
nghia nhu sau:

N-1-p

d(p)= Z | x(n)=x(n+p)|

(2.1.8)

Néu x(n) 1a tin hiéu tudn hoan véi chu ky T (mau) thi AMDF s& dat cuc tiéu
néu tin hiéu bi doi di mot doan dung bang T miu. Nhan dang giong cta ngudi co
tan s6 co ban tir 80Hz (twong Gmg v&i sé6 miu 1a n1=Fs/80) dén 200Hz (twong tng
n2=Fs/200, Fs 1a tin s ldy mau).

S& tinh AMDF cua tin hiéu véi do doi thay doi tir n2 dén nl. Gia st AMDF
dat cuc tiéu Gmg voi do doi PO (mau). P6 chinh 1a chu ky cua tin hiéu (hodc gin véi
chu ky cua tin hiéu nhét), va tin s6 co ban cua tin hiéu 12 FO=Fs/P0. Gi4 tri nay
chinh 1a dac trung cua tin hiéu vé mit thanh diéu.

Chu ky cao d6 PO duoc chon sao cho d(P0) dat gi4 tri nho nhat.

() N\/‘/\/V\/\/\/\/V\/VJ\/\/\/\

Hinh 2.2 M6 ta ham vi sai bién d¢ trung binh

Trong hinh 2.2: (1),(2) - &m httu thanh, (3) - &m v6 thanh
Ham vi sai bién d6 trung binh khac v6i ham tu twong quan & chd nd dung

phép trir thay cho phép nhan nén téc d6 tinh toan rat nhanh. Khi nhan dang thanh
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diéu tiéng Viét, phuong phap trich chu ky cao do tirc thoi ctia khong thé tét bang
phuong phép trich chu ky cao d¢ trung binh theo AMDF vi duong van dong chu ky
cao do cia AMDF mang tinh trung binh nhiéu hon nén tron hon.

Do tiéng noi 1a tin hiéu khong dirng nén cir mdi 30ms phai tin lai cac gia tri
méi. TAt ca céc gia tri tinh dugc sé 1a dac trung ciia mét tir va dugc dung dé huan
luyén mang no ron.

c. Trich chu ky co ban bang AMDF

Tiéng noi duoc léy mau & tan sd 11.025 kHz, mono 8 bit cho mot mau, do
dai khung tiéng n6i 1a 200 mau.

Buéc 1: Loc nhiéu sir dung bd loc thong cao ¢o tan sb cit 1a 60Hz do tan sb
co ban ctia nguoi tir 80Hz dén 200Hz.

Buéc 2: Tin hiéu s& duoc xén theo ngudng dong dé gitr lai cac dinh 1on va
1am ndi 16 chu ky co ban.

x(n)—C néu x(n)>C
y(n)=40 néu -C <x(n) < C

C—x(n) néu x(n) <-C (2.1.9)

trong d6 gia tri C khoang 1/3 bién dg cuc dai cua tin hi¢u.
Buée 3: Tin hiéu sau khi xén dugc dua dén ham léy hi¢u bién do trung binh :

N-1-p

d(p) = Z | x(n)=x(n+p)|

(2.1.10)

trong d6 N 1a do dai khung va p duoc lay trong khoang pitch twong tng véi
tan s& co ban 80-200Hz. Chon PO ¢6 d cuc tiéu, d6 chinh 1a chu ky pitch va tan sb
co ban 1a Fs/P0. Ddi v6i cac khung c6 d(P0) > 0.7 dmax(p) duoc phan loai 1a khung
vO thanh va gan FO = 0.

Buéc 4: Sau khi d3 xac dinh FO cia toan bd am tiét, can phai xu 1y cac
khung ¢6 FO = 0. Néu cac khung 1a vo thanh & dau hay & cubi am tiét, thay céc
khung d6 bang FO ctia khung hitu thanh ké can. Néu cac khung vo thanh & giita 4m
tiét thi thay FO cua khung d6 bang trung binh cta hai khung hiru thanh & hai bén.
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Budc 5: Tin hi€u sau khi xir Iy cac khung c6 FO = 0 s€ dugc loai bo cac dinh
do nhan nham Pitch

Buéc 6: Duong nét FO duge lam tron bang b loc trung binh cé trong sb voi
dap ung xung : h=[0.1 0.2 0.4 0.2 0.1]

Buéc 7: Do s6 ngd vao ctiia mang no ron 1a ¢d dinh nén can chuin hoa kich
thude FO.

Bing cac thir nghiém trén cac mau tiéng noi toi nhan thay véi tan sd ldy miu
12 11kHz va tan s6 co ban nam trong khoang 80Hz-200Hz thi kich thuéc mdi Frame
tiéng no6i 1a 200 mau s& cho két qua dudng tin sd co ban tron hon. S6 Frame tiéng
n6i v6i cac mau 4m thanh trung binh 1a 15 frames/mau tiéng néi. Do d6 kich thuéc
vée to FO duoc chuin hoa voi do 16m 1 15 phﬁn tir. Vector nay dugc léy lam dac
trung dau vao dé huin luyén mang no ron trong nhan dang tiéng noi.

d. Ham ning lwong thoi gian ngdn va cwong d¢ trung binh (Short Time
Energy and Average Magnitude)

Chung t6i d quan sat va thiy rang bién d6 cua tin hiéu 10 ndi thay doi dang
ké theo thoi gian. Cuy thé, bién do cta cac phan doan v6 thanh noi chung thap hon
nhiéu so voi bién d6 néu cac phan doan hitu thanh. Ning luong thoi gian ngin cua
tin hi¢u 101 no61 cung cép mot mo ta thudn ti€n, phan anh cac bién ddi bién do nay.
Noi chung, chiing ta c6 thé dinh nghia nang luong thoi gian ngin la:

E= i[x(m)w(n -m)] (2.1.11)

m=—00

Su mo ta nay co thé duoc viét dudi dang:

E= S x(mh(n—m) 2.1.12)
Trong do:
h(n) =w’(n) (2.1.13)

Su lya chon cua dap tng xung, h(n) hoac tuong duong vdi cua so, xac dinh
tinh chat néu bicu dién ning luong thoi gian ngan. Pé xem sy lua chon cia cira sO

anh huong dén ning luong thoi gian ngin nhu thé ndo, chung ta hiy quan sat rang
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néu h(n) trong phwong trinh (2.1.12) rat dai va c6 bién d6 khong ddi, E, sé thay doi
rat it theo thoi gian. Ching han nhu cira s6 s& twong dwong véi mot bd loc bing tan
thong thap rat hep. R3 rang nhitng gi chung t6i mong mudn 13 mot sé bo loc thong
thip nhung khong nhiéu dén muc dau ra khong doi; tic 1a chung ta mudn ning
luong thoi gian ngén phan 4nh su thay doi bién do cua tin hiéu giong noi. Do do,
lan dau tién chung ta bit gip mot cude xung dot s& phat sinh lién tuc trong nghién
clru vé cac biéu dién thoi gian ngin cua céc tin hiéu giong nodi. Nghia 13, ching ta
mudn c6 mot cira s6 thoi lwong ngin (dap Gng xung) dé dap ung véi thay dbi bién
d6 nhanh, nhung mot ctra s6 quéa ngédn sé& khong cung cip du trung binh dé tao ra
mot ham nang lugng tron tru.

Hiéu qua cua 14y ctra s6 d6i voi biéu dién nang luong phu thude thoi gian cd
thé duge minh hoa béng cach ban luan vé cac thudc tinh cua hai cira s6 dai dién, tic
14, ctra s6 hinh chit nhat

h(n) =1 0<n <N-1 (2.1.14)

Vi ctra s6 Hamming;

h(n) = 0.54 — 0.46 cos(2nn/(N-1)). 0< n<N-1 (2.1.15)

Cira s6 hinh chit nhat trong tng véi viée ap dung trong sb bang nhau cho tat
cé cac mau trong khoang (n-N+1) dén n.

e. Ham ty 1é vwot qud diém khong trung binh thoi gian ngdn (Short Time
Average Zero-Crossing Rate)

Trong bdi canh cac tin hiéu roi rac, mot diém vuot qua diém khong dugc cho
la xay ra néu cac mau lién tiép ¢6 cac diu hiéu dai s6 khac nhau. Ti 1é tai d6 vuot
qua diém khong xay ra 1a mot phép do don gian vé noi dung tan s ciia mot tin hiéu.
biéu nay ddc bi¢t dung véi tin hi€u bang tan hep. Vi du, tin hi€u hinh sin c6 tan sd
Fo, dugc 14y mau & tdc do Fs, ¢6 cac mau Fs/Fo trén mdi chu ky cua song hinh sin.
MJi chu ky ¢6 hai diém vuot qua diém khong sao cho tbc do trung binh cua thoi
gian vuot qua diém khong dugc tinh nhu trong phuong trinh (2.1.16).

Z=2FJ/Fy (2.1.16)
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Do @06, ti 1& vuot qua diém khong trung binh dua ra mot cach hop 1y dé ude
tinh tdn s cua song hinh sin.

Tin hi€u giong ndi 1a nhirng tin hi€u bang thong rong va viéc giai thich cua ti
1¢ vuot qua diém khéng trung binh do d6 it chinh x4c hon. Tuy nhién, uéc tinh so
bd cua cac tinh chat phé c6 thé thu duoc bﬁng cach su dung biéu dién dua trén ty 1¢
vuot qua diém khong trung binh thoi gian ngin. Trude khi thao ludn vé viée giai
thich néu ty 1& vuot qua diém khong ddi véi giong noi, trudce tién chung ta hiy xac

dinh va ban luan vé& cac tinh toan can thiét. Mot dinh nghia thich hop la:

0

Z = Z|sgn[x(m)] —sgn[x(m — 1)]|w(n —m) (2.1.17)
Where
sgn[x(n)] =1 x(n)> 0 (2.1.18)
=-1 x(n) <0
And
w(n)zﬁ 0<n<N-1 (2.1.19)
Otherwise =0

2.1.2 Trich rit diic trung trong mién tin sé

a. Xw ly giong noi

Céac dic diém cua thanh quan xac dinh am vi hién tai. Cac dac diém nhu vay
duogc chirng minh trong mién tan s bﬁng vi tri cia cac dinh dang, tuc 1a cac dinh
duogc dua ra bdi sy cong hudng cua thanh am. Tan sb cao c6 bién do nho tuong tu
cac dinh dang tan s6 thap mic du s& hiru thong tin lién quan. Viéc xur Iy nhu viy
thuong thu duogc béng cach loc tin hi¢u giong no61 voi bo loc FIR thur nhét, ¢6 chirc
nang truyén trong mién z 1a:

H(z) =1l-az7! ,0<ax1 (2.1.20)

a la thong sb nhin manh trude. V& ban chit, trong mién thoi gian, tin hi¢u

duoc nhan manh trudce ¢6 lién quan dén tin hiéu dau vao theo quan h¢:

x’(n) = x(n) — ax(n-1) (2.1.21)
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Gia tri dién hinh cho a 13 0,95, lam ting mtrc khuéch dai hon 20 dB cta phd
tan s cao.

b. Liy civa sé (Windowing)

Céac phuong phéap truyén théng dé danh gia phd 1 dang tin cdy trong trudng
hop tin hiéu ding yén. Déi voi giong noi, didu nay chi gitt 4o 6n dinh khép ndi
trong khoang thoi gian ngin, trong d6 phan tich thoi gian ngén c6 thé duoc thyuc
hién bang cach Lay cira s6 ciia mot tin hiéu x’(n) dé ndi tiép cac chudi cira sd

xin), t=1,2, tam, T, duoc goi la khung, sau d6 duoc xur ly riéng 1é:

xy=x"m-tQ) ,0<n<N, [ <t<T (2.1.22)

xi(n) =w(n)x’«(n) (2.1.23)

Trong d6 w(n) la dap Gmg xung cua cira s6. Mdi khung dugc dich chuyén
theo d6 dai thoi gian Q. Néu Q = N, cac khung khong tring nhau theo thoi gian
trong khi néu cac mau Q <N, N - Q ¢ cudi khung x’(n) dugc sao chép & dau cua
khung sau x x i+;(n). Chiing ta biét rang phan tich Fourier duoc thyuc hién thong qua

bién d6i Fourier ma dbi vai tin hiéu thoi gian riéng biét x.(n) 1a:
N-1
X, (€)= x,me " = 3x,(n)} (2.1.24)
n=0

Noi @ 14 truc tan sb lién tuc. Gi6i thiéu bién ddi Fourier ctua w(n) va x’i(n):
W(ei®) = I{w(n)} X’(e¥®) = I{x’(n)}, mot san pham trong mién thoi gian nhu

trong phuong trinh (2.1.23) tro thanh tich chap trong mién tan sd:
X, = %J.ﬁ X, '(e'fa)VV(e'f(”’g))dH = S{x‘t (n)w(n)} (2.1.25)
7Z‘ -
Suy ra tir ham (2.1.22) va (2.23) , ham (2.1.24) c6 thé duoc viét la:

X, (ej’”)z ix‘(n —t.Q)w(n)e '™ (2.1.26)

Cong thtrc trén cling duoc dé& cap nhu 1a Bién ddi Fourier thoi gian ngan
(STET) hodc Bién d6i Fourier c6 cira s6 ctia x(n).
Co hai loai cira s6 thuong dugc st dung. Chung 13 cira s6 hinh chit nhat va

cua sO Hamming.



32

Su hién dién ctia mdt cira s6 hinh chit nhat gay ra sy bién dang trén phé udc
tinh, vi X(€®) 1a tich chap ciia ph6 x.’(n) va bién doi Fourier cua ctra s6 hinh chir
nhat w (n). W(e/®) bao gdbm mot thuy chinh ning lwong cao hon tip trung & tan s6 0
va cac thuy bén ning luong thip hon tip trung & tin sb cao hon. Thuy chinh trai ra
trong mot dai tan sé rong hon cong sut dai hep cua tin hiéu x,’(n) ma trong truong
hop cia ching ta dugc biéu thi bang cac dinh dang. Hién tuong nay lam giam do
phan giai tan s6 cuc bd. Hon nita, cac thiy bén ctia W(e®) trao ddi ning luong tir
cac tan sb xa va khac nhau ciia x,’(n). Van dé nay duoc goi 13 10 ri (leakage.).

- Hinh dang cua 6 ¢6 thé 1am gidm do méo, nhung nod co thé 1am tang sy
thay d6i hinh dang tin hiéu.

- Do dai N ty 1¢ thuan v6i d6 phan giai tan s va ty 1¢ nghich v6i d6 phan giai
thot gian.

- N-Q 1ap ty 1€ thuan véi ty 1€ khung, nhung no6 ciing ty 1€ thuan véi tuong
quan cta cac khung tiép theo.

Céc thuy bén cua cira s6 Hamming thdp hon nhiéu so v6i ctra s6 hinh chi
nhat mic du d6 phan giai giam dang ké. Diéu nay 1a do thuy chinh Hamming rong
hon. Viéc lam r6 hay lam tron tin hiéu c6 y nghia quan trong trong bai toan nhan
dang tiéng noi, 1am ting hiéu qua cua hé thong nhan dang. Ctra s6 Hamming 1a mot
lua chon tot trong nhan dang giong nodi, vi khong can do phan gidi cao.

c. Phan tich phé

Cac phuong phép tiéu chuin dé phan tich phd duya vao bién ddi Fourier
x:’(n): X(@?). Do phirc tap tinh toan giam dang ké néu Xi(@®) chi duoc wdc tinh cho
mot sd gia tri o roi rac.

Néu cac gia tri nhu vay cach déu nhau, vi du, xem xét @=27k/N, thi bién ddi
Fourier roi rac cta tit ca cac khung cua tin hiéu dugc lay:

X, (k) = X,(e7*'V) k=01,..,N—1 (2.1.27)

Ngoai ra, néu sé lwong miu N 14 lity thira 2, N=27 v6i p 1a s6 nguyén, thi do

phtrc tap tinh toan cé thé dugc giam thém thanh mot don Nlog(N) ding cho FFT.
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Luuy réng néu xi(n) 1a co that, FFT co thé duoc tinh bﬁng mot nira d§ phurc tap tinh
toan, trong truong hop nay 1a N/2log(N/2).

Céc dic diém cua thanh 4m c6 thé duoc wdc tinh bing biéu dd cua x;’(n,), ma
don gian 13 cuong d6 binh phuong ciia DFT: | X,(k)|>. Xét rang biéu db 1a mot cong
cu udc lwong khong nhat quan khong thién vi cia ning lugng phd, [Xi(k)|? 1a mot
cong cu udce tinh cta Pr(w) duge dua ra trong phuong trinh: Px(@) = Px(@)Pi(®).

Luu ¥ rang thong tin pha cia cac mau DFT ctia mdi khung bi loai bo. Diéu
nay phu hop véi thuc té 1 pha khong mang thong tin hiru ich. Cac thi nghiém tri
gidc da chimg minh rang quan niém vé tin hiéu dugc ti tao v6i cac pha ngau nhién
gan nhu khong thé phan biét duoc voi ban gdc, néu tinh lién tuc cua pha giita cac
khung lién tiép duoc giit nguyén.

Ciing luu y rang viée sir dung cac budc séng cosin cuc bd hoan toan co thé
tang cuong SFFT roi rac.

d. Hé thong xiv Iy bang loc

Phén tich pho cho thdy cac dic trung tin hidu giong néi, chii yéu 1a do hinh
dang cuia thanh quan. Cac dic trung phod cua 10i noéi thudng thu duge 1a 16i ra cua
cac bang loc, tich hgp dung phé & cac dai tan xac dinh. Mot bo gém 24 b0 loc thong
dai thuong dugc str dung vi né mé phdng qua trinh xur Iy qua tai cua con nguoi.

Céc bd loc thudng duge b tri khong ddng dang véi truc tin s6. Nhu mot quy
luat, phan phd dudi 1 kHz dwge xir i bi nhiéu bang loc vi nd chtra nhiéu thong tin
trén thanh 4m vi du nhu cdu trac dau tién. Phan Gng tan sd cua cac bang loc mo
phdéng qua trinh xtr 1y cdm nhéan duoc thuc hién trong tai va do dé viéc loc nhu vay
duoc goi 1a trong sb tri gidc (perceptual weighting).

Phan tich tdn sb phi tuyén tinh ciing dugc sir dung dé dat dugc do phan giai
tan sd/thoi gian. Sir dung cac bo loc thong dai hep & tan sé thip cho phép xo6a séng
hai, nhung n6 cung cip thong tin khoi phat kém. Str dung bang thong dai hon ¢ tan
s6 cao hon cho phép do phan giai theo thoi gian cao hon.

Thang do nhan thic dugc st dung rong rai nhat trong nhan dang 1 thang do

Mel. Tan sb trung tAm ctiia moi gian bo loc Mel dugc dit cach déu nhau truée 1 kHz
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va no tuan theo thang logarit sau 1 kHz. Chung ta biét rang trong khoang thoi gian
lay mau T, tan sO @ cua tin hidu thoi gian roi rac co lién quan dén tan sb fcia tin

hiéu thoi gian lién két bang cach:

w
= 2.1.28
f= 5 (2.1.28)

C6 mot loat cac phuong phap dé thuc hién cac bd loc nhu vay. Mot phuong
phép tinh todn ré bao g@)m viéc thuc hién loc truc tiép trong mién DFT. Cac phan
tmg DFT ciia cac bd loc chi don gian 13 cac phién ban bi thay d6i va bi bién dang
tan so ca ctra s6 hinh tam giac Un(k):

Uam(k) = k|< Am -> 1- [k|/ Am (2.1.29)
k| > Am->0

Trong d6 k 1a chi s6 mién DFT va 24m 1a kich thudc cia ctra s6 tam giac
gian bo loc thir m. Tin hiéu ra cia bg loc tht m dugc dua ra boi:

by +A,,
Y,(m)= Y X,(kU, (k+b,) (2.1.30)
k=b,-A,,

Trong d6 Xt(k) dugc cho béi phuwong trinh (2.1.17) va 1 <m <M. Tan sb

trung tam c6 thé duoc tinh theo by = bw + Am, VA, % = f <1kHz, An dugc chon

sao cho thu duoc 10 bd loc cach déu nhau. Pdi vai f>1kHz, co thé st dung udce
luong sau: A = 1.2xAn-;

e. Phép tinh Log nang lwong

Quy trinh trudce ¢d vai tro lam min phé, thuc hién qua trinh xu ly tuong tu
nhu quy trinh duge thuc hién boi tai ngudi. Bude tiép theo bao gdém tinh toan
logarit ciia cuong do binh phwong cac hé sd Yim) thu duogc tir phuong trinh
(2.1.20). Su giam nay don gian 1a tinh toan logarit ciia cudng do cac hé sb, bsi vi
tinh chat dai s6 logarit mang lai logarit clia cong suat nhan véi hé so ty 18. Tuong
tu, 1o ich cua quy trinh nay c6 thé dugc nhin théy bz:ing cach sur dung khuon khd
ctia phan tich cepstral duoc gidi thiéu trong phan tiép theo. O day chiing ta luu y

rang viéc xur 1y cuong do va logarit cling dugc thuc hién bang tai. Hon nira, cuong
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do loai bd pha thong tin vo dung trong khi logarit thyc hién mét sttc ép dong hoc,
lam cho viéc trich xuét dac trung it nhay cam hon véi céac bién dong trong dong luc
hoc.

g. Tinh todn cepstrum tin sé6 Mel

Quy trinh cudi cung cho viéc tinh toan cepstrum tin s6 Mel bao gom thyc

hién nghich ddo DFT trén logarit cia cuong dé tin hié¢u bo loc dau ra:

y, " (k) = i{log|Yt(m)|}.cos(k(m —%j%} k=0,1,..,L (2.1.31)

Quy trinh nay c6 loi thé 16n. Dau tién, luu y rang vi log phd cong suit 14 thyc
va d6i xtng nén DFT nghich déo giam xudng thanh mot Bién d6i Cosine roi rac
(Discrete Cosine Transform - DCT). DCT c¢6 dic tinh dé tao ra cac dic trung khong
twong thich y™ (k). Do d6, dic tinh ngau nhién cta qua trinh cac dic trung don gian
hon va trong ham mat do x4c sudt cia cac dic trung, thudng dugc mod phong bang
céc to hop tuyén tinh ctia cac ham Gaussian, ma tran hiép phuong sai ¢ thé duoc
sir dung thay vi ma tran hiép phuong sai hoan toan. Diéu nay lam giam déng ké chi
phi tinh toan va s6 lugng tham sé duoc udc tinh.

Céac hé s MFCC y/@(k) trong phuong trinh (2.1.21) gan twong duong véi
ning lugng log cua khung. Hé sb nay thuong bi loai bé vi ning luong dugc tinh
tryc tiép trén tin hidu thoi gian. DCT ciing ¢6 tic dung 1am min phd néu chi cac hé
s6 dau tién dugc giir lai.

h. H¢ sé div liéu va ning lwong

Dau tién can luu ¥ rang cac hé s6 cepstral thuong 1a mot hé sb nang lugng e
lay logarit ctia nang luong ctia khung. Thong s nay rat hiru ich vi sy khac biét vé
ning luong dugc nhin thay giita cac 4m vi khac nhau.

MGt su céi thién nita trong viéc thyc hién c6d dugce bﬁng cach xem xét rﬁng
cac thong sd va ning luong cua cepstral khong tinh dén su phat trién dong cua tin
hiéu giong noi. Do do6, vdi mét vecto chung ue dugce 1ap trong thoi gian ¢, chénh 1é€ch
thoi gian thtr i ¢6 thé duoc tinh 1a:

N = A -8 ) A=, (2.1.32)
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Luu y rang su khac biét i-t4 lién quan dén su khac biét (i-/)-th. Khoang cach
cao hon hoic thip hon nén dugc suy xét theo thdi gian chong chéo. Do khoang cach
thip co6 thé bao ham cac khung quéd trong quan va do d6, dong luc khong dugc bit
boi cac khac biét, cac gia tri cao hon cé thé bao ham céc khung mo ta céc trang thai
qua khac nhau.

i. Phdn tich Cepstrum

A

Cepstrum phuc tap (t€n 1a ddo chir ctia cepstrum) x(n) cho tin hiéu roi rac x

(n) 1a bién ddi Fourier nguoc cta logarit phirc tap log X(e3®)

() = 5 flog X (e")} (2.1.33)

Logarit cia phd co tac dung lam gidm bién d6 thanh phdn ¢ moi tan sd.
Thang do logarit nay ciing 1a mot dac diém ciia hé thong thinh giac ctia con ngudi.
Do do, nhiing tin hi¢u dugc dac trung boi sy két hop cua song hai dugc phan tich
t6t hon bang pho chir khéng phai bang phd hoic tu trong quan.

Viéc st dung cepstrum 1an dau tién duoc gidi thiéu dé phan biét cac phan
doan 101 no61 hitu thanh va v6 thanh. Trong thyc té, cepstrum nhan manh céc thanh
phan ciia thanh am, ngay ca voi tiéng on. Nguoc lai, cepstrum phang cho 4m thanh
thiéu cdu tric hai hoa rd rang. Bing cach kham pha céc tinh chét ndy, cic hé sb
cepstrum da duogc su dung dé phan loai cac phan doan giong noi, xac dinh sy phat
trién cta k¥ thuat cepstrum. That vy, phan tich cepstrum, nghia 13 mot phén tich
dong hinh véi mot logarit nhu 13 chirc ning trung gian, cho phép giai ma céc tin
hi€u 101 n61 nhu duge giai thich dudi day.

Mot dang song 161 noi co thé duoc coi 1a mot td hop gitta su kich thich dugc
tao ra boi cac day thanh am v(n) va phan rng xung cua mot bd loc dai dién cho
thanh am A(n):

x(m) = v(n)*h(n) (2.1.34)
Do thong tin ngit am chi yéu lién quan dén thanh am, thuat toan giai ma cho

tin hiéu giong noi dugce quan tim dang ké nham c6 1ap phan Gng cua thanh 4m. Céc
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thuat toan nay thudc vé nhanh 1y thuyét hé thong duoc goi 1a loc dong hinh. Phai sir

dung dén cepstrum phrc tap, ta co:

;c(n) = 3 {log(3{v(n) * h(n)})}

- (2.1.35)
= 5" flog(V(e")) +log(H (")} = v(n)+ h(m)

Trong d6, v(n), 4 (n) 1an luot 13 cac cepstrum phirc tap cta v(n) va h(n). Cac

cepstrum phirc tap bién d6i tich chap (2.1.24) thanh téng cua hai thanh phan

;(n) ,;1 (n) ma c6 thé phan tach bang cac bo loc tuyén tinh bing thong, néu khong co
su chong chéo tan sb.

Déi vé6i tin hiéu giong noi, diéu nay 1a kha thi vi phd thoi gian ngén cho thiy
duong bao ciia bd loc thanh 4m A(n) thay d6i cham ddi véi cau trac tinh té cla cac
song hai dugc tao ra bdi su kich thich dinh ky cua 161 néi v(n).

D6 v6i cac tin hiéu pha téi thiéu hodc khi théng tin pha khong duoc quan
tam, cepstrum thuc cé thé duoc st dung thay cho cepstrum phirc tap. Cepstrum thuc

cua tin hiéu duoc xac dinh b?mg bién ddi Fourier ngugc cua logarit ¢6 do 16n X(e/®):
x(m) = 3 foglx (")} (2.1.36)

Nhu thé hién trong hinh 2.3, cepstrum thuc c6 thé duoc tinh bang DFT
nghich dao.

Su phan giai dong hinh thé hién trong phuong trinh (2.1.25) ¢6 thé lam noi
bat cac thudc tinh c¢6 lién quan cia MFCC. Pau tién luu ¥ rang hang sé nhan duoc
ap dung cho mot tin hiéu giong ndi, logarit cta hang s6 nhu viy duoc thém vao tit
ca cac hé sd cua log[Ym)P. Cac hing sé nhu vdy chi anh huéng dén hé sb 0
y™(0). Ciing luu y rang phan mg ctia thanh 4m va kich thich tin hiéu duoc két hop
mot cach cong gop trong cepstrum nhu & cong thirc (2.1.25). Phé log thanh 4m c6
mot hanh vi tron tru trong khi kich thich c¢6 phd ban dinh ky bién d6i cao cho 4m
hitu thanh. Do d6, phan tmg thanh am c6 thé thu dugc bang cach don gian giir lai
cac hé sb cepstral dau tién y,™ (k). D6 1a 1y do tai sao chi cac hé sb k-th, k <L <I5,

duoc giit lai. Ciing luu ¥ rang anh hudng méi truong cé thé duge mod hinh héa nhu
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mot bo loc tuyén tinh. Su Xuéng cép nay tr¢ thanh sai I¢ch trong ude tinh phé log co
thé duoc danh gia va loai bo.

Tin hiéu tiéng

noi A
x(n X(k) Log(IX(k x-(n)
—— DFT o Log(l|) > X prr
Tin hiéu
Cepstrum

Hinh 2.3 So d6 khdi ciia tin hiéu cepstrum thie

2.2 Mang no ron ing dung trong nhin dang tiéng néi
2.2.1 Phwong phap nhdn dang dung mang no ron

Mang no ron nhan tao hay thuong goi ngan gon la mang no ron ld mot mo
hinh todn hoc hay mo hinh tinh toan dugc xay dung mo6 phong cdc mang no ron sinh
hoc, 14 su lién két giita cac no ron nhan tao v6i nhau. Cac no ron dugc sip xép trong
mang theo céc 16p, bao gdm 16p ngoai cung goi 14 16p ra (output layer), cac 16p con
lai goi 14 16p 4n (hide layer). Céc no ron trong cing mdt 16p thi nhdn tin hiéu cing
vao cung mot luc. Chirc nang ciia mang duogc xac dinh boi: cAu trac mang, qua trinh
xtr Iy bén trong clia tirng no ron, va mirc d6 lién két gitra cac no ron.

Céc kha ndng cua mang no ron:

+ Kha nang hoc: Mang no ron c¢6 kha nang tiép thu sy huan luyén vé mdi
quan hé gifra dau vao va dau ra cta cac mau hoc, néu ta chi cho n6 dau vao x twong
rmg véi dau ra y thi mang c6 thé nh¢ lai dwoc diéu do.

+ Kha nang chuén hoa: Mang no ron hoc cac mau dir liéu co s& nén c6 kha
ning nhan dang dugc dir liéu mdi, nhimg dir liéu ma nd cho rang gan gidng véi dir
liéu da dugc hoc. Chinh kha nang nay ciia mang no ron rat thuan loi khi ung dung nd
nhan dang tiéng néi vi cdc mau 4m hoc khong bao gidr gibng nhau mot cach tuyét dbi.

+ Kha ning tinh todn: Mang no ron c6 kha ning tinh toan song song rat cao,

dap tng yéu cau cua cac giai thut. Trong nhan dang tiéng no6i khdi lwong tinh toan
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1a rat 16n. Va két qua can dugc dua ra nhanh chéong thi hé théng méi nang cao duoc
gia tri s dung.

Nho nhimng kha ning d6 ciia mang no ron ma con ngudi di c¢b ging méd
phong dé tao ra mang no ron nhan tao, két qua ma chung ta dat duoc 1a rit kha quan
va hién nay duoc trng dung rong rai trong nhiéu bai toan dic ta quan trong, dac biét
1a trong nhan dang tiéng noi.

2.2.2 Ludt hoc cua mang no ron

Sau khi lya chon kién tric cia mang, qué trinh huan luyén mang (training) 1a
qua trinh hi€u chinh céac trong s6 va hé sb bias cua mang béng mot sb lut hoc (thuat
toan huin luyén mang). Cac luat hoc dugc chia lam 3 loai: ludt hoc c6 giam sat luat
hoc khong gidm sat va ludt hoc tdng cuong.

a. Ludt hoc co giam sdt

Trong luét hoc c6 gidm sat, mang dugc cung cép mot tap hop cac mau chuin

thé hién mbi quan hé dau vao va dau ra ciia mang: {p ,t,},{p,.t, FoeesiPootp )

Trong do p  la dau vao cta mang, t, la dau ra dich: 13 ddu ra mang can thich
tmg. Khi p, dugc dua vao mang thi dau ra thyc cia mang 13 a .- Sai sd e , gia t,
vaa , duge st dung dé hiéu chinh céc trong s6 va hé sd bias cua mang.

So d6 khoi mé ta luat hoc ¢6 giam sat nhu sau:

Pau vao Pau ra thuc
——» Mang noron >

y Pau ra dich
Tinh sai s0

A
A

Hiéu chinh

Hinh 2.4 So' @6 khéi luat hoc c6 giam sat
Dé danh gia sai sd e, nguoi ta dung ham sai s6. Ham nay thé hién chat

lwong hoc cua mang va c6 nhiéu cach dé lua chon. Mot khai niém lién quan doé la
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mat 16i (error surface). Mdi mot trong s6 va hé sb bias ctia mang twong tmg voi mot
chiéu khong gian. Néu mang c6 tit ca N trong sé va hé sb bias thi chiéu thir N+1
biéu dién sai s6 cua mang. Moi mot bo trong sb va hé sb bias cua mang ung voi mot
diém ctia mat 16i. Muyc tiéu cta luét hoc 1a tim dugce diém thép nhat (diém cuc tiéu)
ctia mat 16i nay tic 1a tim diém ung véi bo trong sb va hé s6 bias tdi vu.

b. Ludt hoc khong co giam sat

Trong dang luat hoc nay, mang khong dugc biét trude vé vécto dau ra dich
dbi v6i tirng vecto dau vao. Mang phai tu phan tich cic dic trung, tinh chit cta céac
mau dau vao dé phan loai ching.

Céc trong sb va hé s bias ciia mang duoc thay doi chi dé dap tng yéu ciu
dau vao cua mang. Hau hét cac luat hoc nay thyc hién thao tic phan loai mau:
chung tu dong phan loai cdc mau thanh mot s6 hitu han cac 16p. Cac mang véi co
ché hoc khong giam sat goi 1a cac mang tu t6 chc.

Trong thuc té ngudi ta thuong két hop ca hai phuong phap hoc co giam sat
va hoc khong c6 giam sat. Gia sir s6 lugng cac mau 1a 16n, néu ap dung hoc c6 giam
sat s& khong thich hop. Do d6 trudc hét dung phuong phap hoc khong giam sat dé
phan loai cac mau, sau khi cac mau dugc chia thanh cac nhom tuong dbi nho thi c6
thé 4p dung phuong phéap hoc c6 giam sat dbi véi mot sé nhom nao do.

¢. Ludt hoc tiang cuwong

Luat hoc nay tuong ty nhu luat hoc c6 giam sat, nhung thay vi duoc cung
cAp dau ra ding, mang chi nhan duoc danh gia theo cac muc d6 (cho diém) d6i vai
mdi dau vao. Danh gia nay cho phép do hiéu xut ciia mang trén mot diy dau vao
Tin hi€u tang cuong dugc xur 1y bdi b xur Iy tin hi¢u tdng cuong tao ra cac tin hi¢u
danh gia giup mang hiéu chinh cac trong sd véi hy vong nhan tin hi¢u danh gia tot
hon trong tuong lai.

Luat hoc nay khong duoc st dung rong rai bﬁng luat hoc co6 giam sat va dugc

dung chi yéu trong cac hé thong diéu khién.
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2.2.3 Thudt todn lan truyén ngwoc - Back propagation
Tin hiéu 13i tai ddu ra ctia no ron j tai vong 1ap tha n (khi xtr 1y vi du tich luy
thir n) dugc xac dinh nhu sau
e;(ny=d;(n)~y,(n) noron jlamot nit dau ra (2.2.1)

Chung ta dinh nghia gi4 tri tic thoi cia ning luong 16i cho no ron j la

%ef (n). Ciing twong ty nhu viy, gia tri tirc thdi t(n) cua ning lugng 151 tong cong

A IR 7 A 1 A A 5 ’ J A A \
nhan dugc boi viée tinh tong Eef (n) trén tat ca cac no ron trong muc dau ra; day la

cac no ron nhin thady duy nhat ma céc tin hiéu 16i ¢6 thé dugc tinh toan mot cach

truc tiép. Nhu vay, chiing ta c6 thé viét:

7(n) = %Zef (n) (2.2.2)

jeC
& d6 tap hop C bao gdm tit ca cic no ron trong mirc ddu ra cia mang. Dit N
12 s6 cac mau (cac vi du) trong tap hop tich luj. Nang lugng 18i binh phuong trung
binh nhén duoc bing cach tinh téng t(n) trén tat ca cac gia tri cia n roi chia cho

kich thuéc tap hop N nhu sau:
1 N
T, = W,,Z::‘ 7(n) (2.2.3)

Céc gia tri ning luong 16i ké trén 13 ham cuia tat ca cac cac tham s tu do (cac
trong s synapse va cac hé sd hiéu chinh) ciia mang. V&i mét tip hop tich luy cho
trude, dai luong biéu dién mét hdm gia nhu mdt thude do tinh nang cua viéc
hoc. Muc dich cua qua trinh hoc 1a dé diéu chinh céac tham sb tu do cua mang lam
cho 7, dat cuc tiéu. Chung ta xem xét mot phuong phép tich luy don gian ma trong
d6 cac trong sb6 dugc cap nhat trén co s ting mau mot cho téi khi mot Thoi ky
(toan bo tip hop tich luy duoc sir dung mot luot) két thuc. Nhimg su diéu chinh
trong s6 duge thue hién theo cac 16i tuong tng dugc tinh todn cho tung mau tich

luy.
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Yo=+1

§(n)

Hinh 2.5 D6 thi ludng tin hi¢u chi tiét cho mdt no ron dau ra
Chung ta xem xét hinh 2.5, trong d6 thé hién no ron j voi cac dau vao 1a cac
tin hiéu chtc ning duoc tao ra boi mirc no ron ¢ bén trai. T6 hop tuyén tinh vi(n)

duoc tao ra tai diu vao caa ham kich hoat ctia no ron j nhu sau
v(n) = 2w, (m)y, (n) (2.2.4)
i=0

& d6 m 1a sb cac dau vao cua no ron j. Trong sb synapse wio (tuong (mg véi
dau vao cb dinh yo=+1) 1a hé s6 hiéu chinh b; ctia no ron j. Nhu vay tin hiéu chirc
nang yi(n) xuat hién tai dau ra ctia no ron j tai vong lap thir n la

yi(n)=(vi(n)) (2.25)

Trong thuit toan back-propagation, hiéu chinh Awji(n) ddi véi trong sé
synapse wii(n) ty 18 v6i dao ham riéng ot(n)/éwji(n). Theo quy tic tinh toan dao
ham, ching ta c6 thé biéu dién gradient nay nhu sau

Ir(n) _ Sr(n) ce;(n) &y, (n) &,;(n)
w,(n) ;(n) g;(n) &, (n)dw,(n)

(2.2.6)

dao ham riéng nay xac dinh huéng tim kiém trong khong gian trong s6 ddi
v6i trong sd synapse wii.
Pao ham ca hai vé cta (2.2.2) theo ej(n), chung ta c6

or(n)
ce;(n)

e;(n) (2.2.7)

Pao ham ca hai vé cua (2.2.1) theo yj(n), ching ta c6
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e,
&, =-1 (2.2.8)
@, (n)

Pao ham ca hai vé cua (2.2.5) theo vj(n), ching ta co
@, (n)
—L =0 (v, 229
&) ¢ (v, (n) (2.2.9)

Cudi cung, dao ham ca hai vé cua (2.2.4) theo wji(n), chiing ta co
&, m

ap dung cac cong thirc tir (2.2.7) dén (2.2.10) cho cong thirc (2.2.6), ta c6

or(n)
v (n)

—e,(my', (v;(n))y,(n) (2.2.11)

Hiéu chinh Awji(n) 4p dung cho trong sb wii(n) dugc xac dinh theo quy tdc
delta nhu sau

or(n)

o) (2.2.12)

iji (n)=-n

& d6 n1a tham sb toc d6 hoc. Nhu vay tir (2.2.11) va (2.2.12), ta ¢6
Awji(n)=n&(n)y;(n) (2.2.13)
0 do gradient cuc booi(n) dugce xac dinh nhu sau
or(n)
&,(n)
ae. .
_ or(n) &, (n) &;(n) (2.2.14)
2,(n) &,(n) &, (n)
=e€; (”)(0'_; (V_j (n))

6,(n) =~

Gradient cuc b chi ra nhirng thay ddi can thiét cho céac trong s6 synapse. Tir
cac cong thirc (2.2.13) va (2.2.14), chiing ta thay rang mot yéu té chinh lién quan t6i
viéc tinh toan cac diéu chinh trong s6 Awji(n) 13 tin hiéu 13i ej(n) tai ddu ra cta no
ron j. O ddy, ching ta quan tam dén hai trudng hop riéng biét. Trudng hop thir nhat,

no ron j la mQt nut dau ra; va truong hop thr hai, no ron j 1a mot ntt an.
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Truwong hop 1. No ron j 12 mét nit diu ra

Khi no ron j nim & mrc ddu ra ciia mang, nd duoc cung cip mot dap ung
mong mudn. Chung ta c6 thé sir dung cong thirc (2.2.1) dé tinh toan tin hiéu 13i ej(n)
twong tng véi no ron nay (xem hinh 2.5). Do xac dinh duoc ej(n), chung ta dé dang
tinh duoc gradient cuc b dj(n) theo cong thirc (2.2.14).

Truwdong hop 2. No ron j 1a mét niit 4n

Khi no ron j thuéc mét mirc an cia mang, khéng c6 mot dap mg mong mubn
xac dinh nao cho no ron nay. Nhu vay, tin hi¢u 16i cho mdt no ron an duge xac dinh
mot cach dé€ quy theo cac tin hi¢u 161 cua tit ca cac no ron ma no ron dang xét két
ndi tryc tiép. Hay xem xét tinh huéng duge mo ta trong hinh 2.6. Theo cong thirc

(2.2.14), chung ta c6 thé tinh lai gradient cuc bd ctia no ron j nhu sau

3 -~ S L
Fmd,m - on jladn  (22.15)
_ W o ()
@}j (n) VA
Neli\ronj NeL/J\ron k

Yo=+1

g(n)

Hinh 2.6 Do thi ludng tin hiéu chi tiét cho mdt no ron 4n j ndi véi mdt no ron
diu ra k.
Dé tinh dao ham riéng Ot(n)/dwji(n), ching ta c¢6 thé thyc hién nhu sau. Tir

hinh 2.6, chiing ta thdy ring:
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7(n) = %Ze,f (n), no ron k la nit dau ra (2.2.16)

keC

Pao ham hai vé cong thirc (2.2.16) theo tin hiéu chirc ning y;j(n), ching ta co

or(n) 2, (n)
~Ye, 22.17
&, (n) 2e &, (n) (22.17)

Tiép theo, chung ta st dung quy tic tinh dao ham va viét lai cong thirc
(2.2.17) duéi dang twong duong nhu sau

é%(n) é%k(n) ébk(n)
TR, LD D 2.2.18
&, (n) 2e &, (1) &, (n) (22-18)

Tuy nhién, tir hinh 2.7, ching ta nhan thiy
ex(n)=dr(n)-yr(n)

=di(n)-px(vi(n)), no ron k la mét nit dau vao (2.2.19)
Nhu vay
&, (n)
=—¢', (v,(n)) (2.2.20)
& (n) e

Tir hinh 2.7, ching ta cling thay rang d6i véi no ron k
v (1) =Y wi(m)y,(n) (2.2.21)
=0

& d6 m 1a sé dau vao (bao gém ca hé s6 hiéu chinh) cta no ron k. Lay dao
ham cong thure (2.2.21) theo yj(n), ta c6
ov.
) (2.2.22)
@;(n)

Tt cac cong thuce (2.2.20), (2.2.22) va (2.2.18), chung ta tinh dugc dao ham

riéng mong mudn
0’7’[(”) _ Ze '
=2 e v (m)w,(n)
dy,(n) % (2.2.23)
== 8 (mw, (n)

& d6 di(n) cho boi cong thic (2.2.14) véi chi sb k thay cho chi sd j.
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Cudi cung, thay cong thirc (2.2.23) vao cong thirc (2.2.15), ching ta dugc
cong thure back-propagation cho gradiient cuc b d;j(n) nhu sau

8,(1) = ' (v, () Y. 5, (mwy (), (2.2.24)

Hinh 2.6 thé hién d6 thi ludng dir liéu cta cong thuc (2.2.24), véi gia dinh
rang mirc dau ra bao gdm mpno ron.

Tom tdt lai thudt todn

Bay gio chung ta tong két nhirng gi ma chung ta vira tinh duoc cho thuat toan
back-propagation. Dau tién, hi¢u chinh Awji(n) cta trong sé wji(n) ma ndi no ron i
v6i no ron j duoc xac dinh boi quy tdc delta nhu sau:

Aw; (n) =16 ;(n)y,(n) (2.2.25)

Tha hai, gradient cuc bd 0; dugce xac dinh tuy theo viéc no ron j & mot nut
dau ra hay mot niit an:

Néu no ron j 13 mot nt du ra, 8j(n) duoc tinh theo cong thic (2.2.14) bing
tich ctia dao ham o*(vj(n)) voi tin hiéu 16i e(n).

Néu no ron j 1a mot nat 4n, §(n) duoc tinh mot cach dé quy theo cong thirc
(2.2.24): bang tich ciia dao ham riéng ¢‘(vi(n)) voi tong cac & da dwoc nhan vai cac

trong sb twong Ung (25 ((Mw,;(n)) cua tat ca cac no ron thudc mirc tiép theo ma
k

dugc no ron j noi toi.

Hinh 2.7 D6 thi ludng tin hi¢u ciia mdt phan mang tién da mirc khi tin hi¢u 15i

phan héi tré lai
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a. Hai giai doan tinh todn cua thudt toan

Trong viéc ap dung thuat toan back-propagation, c6 hai giai doan tinh toan
tach biét nhau: giai doan tién (forward), va giai doan i (backward).

Trong giai doan tién, cac trong sd synapse gitt nguyén khong thay dbi trong
toan bo giai doan, va cac tin hiéu chirc nang dugc tinh toan dua trén co sé tir no ron
nay téi no ron khac theo chiéu tién cia mang. Bét ngudn tir dau vao 1a mot mau tich
lu§, qua trinh tinh toan cr tip dién cho t6i khi tinh dugce diu ra ciia cac no ron nim
trong murc dau ra cua mang. Dau ra nay dugc so sanh voi dap img mong mudn di(n),
va thu dugc tin hiéu 15i ej(n). Nhu vay, giai doan tinh toan tién bit du tir mtrc 4n dau
tién va két thic tai mirc dau ra dé tinh toan tin hiéu 16i cho mdi no ron tai muc nay.

Trai lai, giai doan tinh toan lui bit dau tai mic dau ra bﬁng cach chuyén tin
hiéu 16i nguoc trd lai qua toan by mang theo tirng mirc nham tinh toan mot cach dé
quy & (gradient cuc bd) cho mdi no ron. Qua trinh dé quy nay cho phép cac trong sb
synapse cta mang c6 thé duoc diéu chinh theo quy tic delta (cong thuc (2.2.25)).
Bang cach nhu vay, su diéu chinh cac trong sb synapse s& dugc lan truyén trén toan
bd mang.

b. Toc dé hoc

Thuat toan back-propagation cung cdp méot phuong phap tinh “xap xy” cho
viéc 1an tim trong khong gian trong s6 (nhim tim ra cac trong sé phi hop nhat cho
mang). Chung ta cang lay gi4 tri cua tham sb tdc d6 hoc nhé bao nhiéu thi sy thay
ddi cua trong sb synapse cang nho bay nhiéu va quy dao trong khong gian trong sb
s€ cang tron. Tuy nhién diéu nay lai lam cho tdc d6 hoc cham di. Trai lai néu chung
ta chon tham sd toc do hoc qua 16n, su thay ddi 16n cua céc trong ) synapse co thé
1am cho mang tré nén khong 6n dinh. Mot phwong phép don gian dé ting tbc do hoc
ma tranh dwgc nguy co khong 6n dinh nhu trén 1a thay ddi quy tic delta trong cong
thirc (2.2.13) bang cach str dung thém mot toan hang moment nhu sau

Awji(n)=aAwji(n-1)+nd(n)yi(n) (2.2.26)
& d6 o thuong duge goi 13 hang s6 moment. N6 diéu khién vong lap quay lui

hoat dong xung quanh Awj; nhu dugc minh hoa trong hinh 2.7 ma & d6 z! 1a toan
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hang don vi tré. Pang thirc (2.2.26) duoc goi 1a quy tdc delta tong quat ma quy tic

delta trong cong thire (2.2.13) 1a mdt truong hop dac biét (voi a=0).

8,(n)y(n)
Z—1
o)
iji(n-1) iji(n)
Hinh 2.8 Do thi ludng tin hiéu minh hoa tic dung ciia hing s6 moment o
Dé thay duoc anh hudng cua cac hiéu chinh trong qua khtr ddi véi cac trong
s6 synapse, ching ta viét lai cong thirc (2.2.26) nhu mot tong chudi theo thoi gian

v6i chi s6 thoi gian t nhu sau
Aw,(n)y=nY a""'5,(1)y,(t) (2.2.27)
t=0
Tir cong thie (2.2.11) va (2.2.14), ching ta thdy rang toan hang &;(n)yi(n)

chinh bang -dt(n)/6wji(n). Chung ta c6 thé viét lai cong thirc (2.2.27) nhu sau

e 0T(n)
ﬁwﬁ (n)

pw () =1 a (2.2.28)

Dua trén quan hé ny, chiing ta c6 thé di mot sd nhan dinh sau:

Diéu chinh hién thdi Aw;; biéu didn mot tong chudi theo thoi gian voi s6 mil
cta hing s6 « ting theo thoi gian. Dé chudi nay co thé hoi ty, hing sé moment phai
nam trong giéi han 0<|a|<1. Khi & bang 0, thuat toan back-propagation hoat dong
khéng c6 moment. ¢ c6 thé nhan gid tri Am hodc duong.

Khi dao ham -6t(n)/dw;ji(n) c¢6 cing dau dai sd trong cac vong lap ké tiép
nhau, Aw;j ting theo ham mil, va nhu vay trong sd wji duoc diéu chinh boi mot gia
tri 16n. Trong truong hop nay, viéc dua thém moment vao thudt toan back-
propagation c6 xu hudng 1am cho né hoat dong mot cach nhanh chong va déu dan.

Khi dao ham -6t(n)/éwji(n) d6i diu & nhitng vong lip ké tiép nhau, Aw;i dao
dong vé gia tri, va nhu vay trong s6 wii(n) duge diéu chinh bdi mot gid tri nho.
Trong truong hop nay, viéc dua thém moment vao thuat toan back-propagation cho

n6 khd nang tu 6n dinh déan theo thoi gian.
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c. Cdc thoi ki (Epoch)

Trong ung dung thuc té cua thuat toan back-propagation, viéc hoc thyc hién
thong qua rat nhiéu biéu hién cua mot tap hop cac vi du tich luy cho trude. Nhu di
nhic dén & trén, mot biéu dién tron ven cta toan bd tap hop tich luy trong qua trinh
hoc duoc goi 1a mdt Thoi ky. Qua trinh hoc dugc duy tri trén mot co s& tu Thoi ky
nay sang Thoi kp khac cho téi khi cac trong sd va cac murc hiéu chinh ciia mang tr&
nén 6n dinh va 15i binh phuong trung binh trén toan b tdp hop tich luy hoi tu tai
mot sd gia tri cuc tiéu. S& tdt hon néu chung ta chon mét cdch ngdu nhién thir tw cdc
thé hién cua cdc vi du tich luj cho timg thoi ky. Mic du diéu nay khong dugc ching
minh mdt cach ré rang nhung n6 1la mot trong nhitng kinh nghiém vo6 cung quan
trong dam bao cho hi¢u qua cua thuat toan.

Trong thuc té, doi khi viéc diéu chinh trong s6 cua thudt toan back-
propagation khong dugc thyc hién ngay trong giai doan [ui cia thuat toan ma sau
moi Thoi ky. Khi d6 tich & ;(m)y;(n) trong cong thirc cua quy tac delta (2.2.25) sé&
dugc tinh trung binh trén toan bd Thoi ky cho mdi no ron j.

d. Tiéu chudn dirng thudt todn

No6i chung, thuat toan back-propagation khong thé xac dinh duoc 1a da hoi tu
hay chua, va nhu vay khong c6 mdt tiéu chuin tuyét ddi nao cho viéc dirng thuat
toan. Tuy nhién, van ¢6 mot sb tiéu chuén co thé coi la chép nhan duoc. Dé tao nén
mot tiéu chuén nhu vay, mot cach logic, ching ta c6 thé nghi dén nhiing thudce tinh
dac trung cua cac cuc tiéu cuc bo hay toan cuc cua bé mat 16i. Pat w* 1a mot cuc
tiéu, co thé 1a toan cuc hay cuc bd. Mot diéu kién can dé w* 1a mét cuc tiéu 1a
vector gradient g(w) (dao ham riéng bac nhat) cua bé mat 18i theo vector trong sb w
phai bang khong tai w=w*. Nhu vay, chung ta c6 thé xdy dung nén mot tiéu chuin
hoi tu nhay cam cho thuat todn back-propagation nhu sau:

Thudt toan back-propagation dwoc xem la hoi tu khi do lon Euclide cua
vector gradient dat toi mot nguong gradient du nho.

Mot han ché cta tiéu chuin hoi tu nay la thoi gian hoc phai dai va can phai

tinh toan vector gradient g(w).
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Mot thudc tinh duy nhét nita cua cuc tiéu 14 ham gid z.(w) 6n dinh tai
w=w*. Nhu vay chung ta lai c6 thé dua ra mot tiéu chuén khac nhu sau:

Thudt toan back-propagation dwoc xem la hdi tu khi ty 1é thay doi tuyét doi
cia 16i binh phwong trung binh trén mét Thoi ky la dit nho.

Ty 1¢ thay doi ctia 161 binh phwong trung binh duoc coi 1a di nhé néu nd nam
trong gi¢i han tir 0.1 dén 1 phan trim trén mot thoi ky. That khong may 1a tiéu
chuin nay co thé dan dén mot su két thac voi vang cua qua trinh hoc.

Ngoai ra con c6 phuong phap vira hoc vira thyc hién kiém tra tinh ning nhan
dang trén mot tap hop mau kiém tra khac véi tap hop tich luy. Trong trudng hop
nay, thuat todn dugc xem la hdi ty khi né da tich luy da lau va tinh ndng nhén dang
trén tap hop kiém tra dat t6i mot gia tri cho phép.

2.3 Mo hinh hé thong nhan dang ngdn ngir néi tw dong
Xac dinh

Ra quyét dinh

Tinh toan dac trung FO
A

Tinh duong vién FO

Tinh toan FO

A

Phéan doan tiéng noi

T

Tiéng noi

Hinh 2.9 Mb hinh h¢ thong nhin dang ngén ngir n6i tw dong
Hé théng nhan dang ngén ngir tu dong bao gdm niam giai doan chinh dwgc

mo ta nhu hinh 2.9:
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- Phan doan tiéng n6i: Chirc ning cua giai doan nay 1a phan doan tin hiéu
dau vao lién tiép cua tiéng noi thanh cac phan doan tiéng noi roi rac.

- Tinh todn FO: Giai doan nay chiu trach nhiém tinh toan FO cho tirng phan
doan tiéng noi 11 rac bang phuong phap AMDE.

- Tinh dudng vién FO: Gia tri FO rat ra tur giai doan trudc dugce tinh toan, lién
két lai thanh dudng FO.

- Tinh todn déc trung FO: Chuc nang cua giai doan nay la tinh todn hudng di
1én hodc xudng cua duong FO.

- Ra quyét dinh: Véi cac dic trung xuat phat tir giai doan trude, st dung
mang no ron lan truyén ngugc dé xac dinh ngdn ngi.
2.4 Kétluan chwong 2

Qua tim hiéu co s& 1y thuyét vé& phan tich dir liéu tiéng noi va ung dung
mang no ron trong nhan dang tiéng néi, chung ta di hiéu duoc cach may tinh xir 1y
va nhan dang tiéng néi, qua d6 xay dung mé hinh hé thong nhan dang ngén ngit néi
ty dong. Trong chuong tiép theo luan van s& thir nghiém va danh gia chuong trinh

nhén dang tu dong tiéng Viét va tiéng Phép.
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CHUONG 3 - UNG DUNG

3.1 Pit van dé

Trong phan trudc luan van da gidi thiu vé ki thuat phéan tich tiéng noi va
trich rt dac trung. Tim hiéu vé mang no ron va kha ning hoc ciing nhu diém manh
clia mang no ron trong céac bai toan nhan dang tiéng no6i, xdy dung mé hinh hé thong
nhan dang ngdén ngtr ndi ty dong. Trong chuong nay ludn van thtr nghiém va danh
gia chuong trinh ty dong nhan dang tiéng noéi tiéng Viét va tiéng Phap. Muyc dich
ctia chuong trinh 1a nham nhan dang duoc 2 ngon ngit cho dau vao 1a mot file hay
nhiéu file ciing mot lac véi ty 1& chinh xac cao trong thdi gian ngén.
3.2 Chi tiét h¢ thong nhian dang ngdn ngir tu dong phan biét tiéng Viét

va tiéng Phap

3.2.1 Phdn doan tiéng néi

DPau vao lién tuc cta tin hiéu tiéng nodi bao gdm cac ving im ling va ving
tiéng noi. Str dung Thuét toan phat hién diém cudi ctua Rabiner va Sambur dé phan
doan tin hi€u giong noi dau vao thanh cac phan doan tiéng noi roi rac.

Dbé ¢6 duoc hiéu suit tot, thuat toan phan doan phai c6 mot sb thong s6 dic
biét d€ tinh toan:

- Nhitng tir bit ddu bang hoic két thiic bing 4m vi ning luong thap.

- Nhiing tir két thic bang mot am bat vo thanh.

- Nhiing tir két thuc bang am mii.

- Nguoi noi két thiic cac tir v6i cuong do cao hodc hoi thé ngin (tiéng on).

Str dung phuong phap Zero Crossing Rate va Short-Term Energy dé do tin
hiéu giong noi sau 10ms trén cic frames co6 do dai 10ms (cho rang 10 frames dau
tién 1a nhidu nén). Phuong phap nay dugc sir dung dé tim gid tri trung binh va
phuong sai cia ting dic trung, nhirng thdng ké nay duogc st dung dé tinh 3 ngudng:

- ITU (Upper Energy threshold): Ngudng nang lugng trén.
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- ITL (Lower Energy threshold): Ngudng niang luong thap hon.

- IZCT (Zero Crossing Rate threshold): Ngudng ty 1& vuot qua diém khong.

Murc ning luong sau d6 duge tim kiém dé tim diém giao nhau dau tién cua
ngudng trén ITU di chuyén vé gitta doan tir mdi dau. Sau d6, ching ta quay trd lai
xubng diém giao nhau gan nhit cta ITL trong mdi trudng hop. Qua trinh ndy mang
lai diém cudi du kién goi 1a N1 va N2. Sau d6 di chuyén vé phia cubi tir N1 va N2
khong qua 25 frames, kiém tra ti 1& vuot qua diém khong dé tim su xudt hién cua sb
dém trén ngudng IZTC. Néu ching khong duoc tim thay, diém cudi van 13 wéc tinh
ban dau. Néu tim thdy ba lan xuét hién, thi udc tinh diém cudi duge di chuyén lui
(hodc chuyén tiép) dén thoi diém vuot ngudng dau tién.

3.2.2 Tinh toan FO

Tinh toan FO cho tirng phan doan tiéng noi roi rac. Dé tinh FO cho mot phan
doan tiéng noi rdi rac, chung ta tinh toan FO cho cac khoang lién tiép 10ms cia ting
phan doan tiéng noi. Ctra s6 phan tich 50ms va khoang thoi gian 10ms trén cac
frames duoc sir dung dé trich xuit FO bang phuong phap AMDF. Tén sé co ban FO
duoc xac dinh 1a s6 miu m dua ra phwong trinh t6i thiéu (3.2.1).

D(m) =X | x(n) x(n-m) | ,n=1,2,...N (3.2.1)

X (n): tin hiéu tiéng noéi cua frame hién tai.

N: Chiéu dai cua frame hién tai duoc tinh theo mau.

Hau hét cac phuong phap trich xuit FO, bao gébm phuong phap ADMF, déu
mic 16i. Hau hét trong sé d6 13 18i gdp d6i hodc chia doi cao do. Mot phuong phap
stra 161 don gian da duoc dé xuat. Tan sb co ban trung binh Fo™ cho tit ca cac frame
trong cua sb duoc tinh toan. Fo, 2*Fo, Fo/2 cla frame hién tai duoc so sanh vé&i Fol
va frame gan nhét véi Fo™ duoc st dung 1am gia tri Fo duoc sta. Tinh toan Fo™
trong cira so tin hidu:

Fo™=(1/52 Fo(i) i=1,2,...,5 (3.2.2)

Fo(i): Tan sb co ban ciia frame thir i bén trong cira sb tin hiéu.

Cudi cung, FO dugc xac dinh theo phuwong trinh (3.2.3)
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Fo=( Fo(1) , min(FI1,F2,F3)=Fl1 (3.2.3)
2*Fo(1) , min (F1, F2,F3)=F2
Fo(1)/2 , min (F1, F2, F3 )=F3
Trong d6 F1, F2, F3 dugc tinh nhu sau:

F1=|Fo(1)-Fo™|
F2 = | 2*Fo(1) — Fo™ |
F3 = | Fo(1)/2 —Fo™ |
Béng cach dich chuyén cira s6 tin hiéu sang toan by phan doan tiéng noi voi
khoang thoi gian 10ms, ta 1y dugc dudng vién FO cta phan doan giong néi roi rac.
3.2.3 Tinh dwong vién FO
a. Phin doan dwong vién cao d
Budc ddu tién cua giai doan tinh dudng vién FO 1a phan doan duong vién cao
dd vao cac phan doan dinh hudng 1€n hoac xuéng. Trong budc nay, t6i sir dung mot
quy trinh dong duoc mo ta nhu sau:
Su thay doi duong vién cao d0 1a vi tri cta duong vién cao d6 ma tai d6 ton
tai két thic tdi da cuc bo.
Budce 1: Tim kiém duong vién cao d6 ngay tir dau dé tim thay d6i dau tién vé
cao do.
Budc 2: Vi tri bat dau ctia doan dau tién 13 vi tri phat hién thay doi.
Budc 3: Tiéu chi tim vi tri két thic cia mot doan 1a vi tri phat hién thay doi.
Néu vi tri két thac cta doan hién tai duoc phat hién, di dén budc 4.
Budc 4: Luu cac tham sb phan doan hién tai (bao gém vi tri bt dau, vi tri két
thiic). Thiét lap cac tham sb ban dau ctia phan doan méi.
- Pt vi tri bat dau cua phan doan moi tuong duong véi vi tri két thic cua
doan lién keé.
- bt vi tri két thac cua phan doan méi twong duong voéi vi tri két thic cua

phan doan lién ké. Lan luot, di dén budc 5.
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Budce 5: Kiém tra xem vi tri hién tai c6 phai la két thic cua duong vién cao

d6. Néu dung, hiy dén budc 6, néu khong thi chuyén sang budce 3.

Budc 6: Thuét toan két thic

E&}_Language Identification - [¥n_F_7_5] o =1
File Edit View Processing ‘“Window Help _|ﬁl|ﬂ
D @ |(d|% |z e8|« »r|V 6|

[ready  [5_T_Energy 3832.94535¢ [Started at 0 [Ended at 330 [Quantization 16 bt Mono  [Sampling frequency 11025Hz | [ [
Hinh 3.1 Vi du vé két qua tir quy trinh dong

b. Uéc tinh cac phén doan cao dj theo dong

Budc thtr hai ctua giai doan udc tinh vién FO 1a tinh cac phan doan cao do
xuat phat tir budc trude bang mot tap hop cac dong thir nhat. Thuat toan udc tinh
mot phan doan cao do theo dong thir nhat dyua trén phwong phéap 156i binh phwong
trung binh.

Gia su ching ta ¢6 mot tdp hop cac quan sat M (xi,yi), 1 = 1,2,... M. Bay gid
chung t6i muén ude tinh tip hop nay biang mot dong ther nhat nhu trong phuwong
trinh (3.2.4)

f(x) = ao + aix (3.24)
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L6i binh phuong trung binh giita yi va gia tri duoc tinh véi (3.2.4) nhu trong
phuong trinh (3.2.5).

eir = [ yi — f(xi)] (3.2.5)
D6i v6i cac quan sat M, sai s6 tong 1a nhu trong phuong trinh (3.2.6).
E=Xe?=2 {yi-[at+tax]}? i=12,...M (3.2.6)

E 1a ham cua bién ao va a;. Gié tri chinh xac ctia cac bién ao va a; dua ra
phuong trinh (3.2.6) téi thiéu. Gia tri ctia cac bién ao va ar dugc xac dinh bang cach
gidi phuong trinh (3.2.7) va (3.2.8).

OF

—=0
da, (3.2.7)
* _,
aa, (3.2.8)

MOi phan doan cao do bay gio co thé duoc biéu thi béing mot cip gia tri (ao,
ar'). Do d6, mot dudng bao cao d6 dugc xap xi bang mot tap hop cac dong thir nhat,
dugce biéu thi béng mot tap hop S cua cac cap gia tri.

S = {(aoLar))} ,i=1,2,....,K (3.2.9)
K- S6 dong thir ty dau tién

3.2.4 Tinh toan dac trung FO0

Mot sb tinh nang hitu ich dé nhan dang ngén ngit duoc trich xuét theo quy
trinh sau:

- Chia s6 thyc (-o0,+00) thanh 20 ving:

(-0,-9], (-9,-8], ..., (-1,0), [0,1), ...,[8,9), [9,+x0)

Cac vung duong duoc ky hiéu 1a Po, Py, ...,Po theo thu tu cua [0,1), ...,[8,9),
[9,+0).

Cac vung am duoc ky hiéu 1a No, N, ..., No theo thu tu (-1,0),...[-9,-0).

- P6i v6i mot ngdn ngir nhat dinh, d6 dbc cua cac duong phan phdi trén cac
vung trén. Tinh s lwong dong trong mdi ving.

- Tinh céc ty 1é dé danh gia sau cung:
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Ri" = S6 dong trong ving Pi / S6 dong trong tat ca cac ving.

RN = S6 dong trong ving N; / S6 dong trong tit ca cac ving.

Ty 1é trén khac nhau tir ngdn ngir nay dén ngdn ngir khac. Chung ta co thé sir
dung cac ty 1& nay dé xac dinh ngdn ngi.
3.2.5 Ra quyét dinh

Trong giai doan nay, thiét ké mot mang no ron dé hoan thanh nhiém vu nhan
dang ngdn ngir.

Tac gia da thuc hién mdt sb thi nghi¢m trong doé tin hi€u giong noéi voi1 do dai
30 phut di dugc quan sat va dua ra mot s két luan hiru ich cho viée thiét ké giai
doan nay.

- Ty 1& Ro® va Ro" khac nhau dang ké giira tiéng Viét va tiéng Phap (xem
hinh 3.2).

- Sur dung ty 1& Ro® va RoN chung ta ¢ thé phan biét gitra tiéng Viét va tiéng
Phép. Néi cach khac, ty 18 Ro” va RoN chira hau hét thong tin dé xac dinh tiéng Viét
va tiéng Phap.

%4 Ro? of VN

14
RoN of VN
10 oo
p
73 pe g T Ro of FR

»
>

Ngon ngit

Hinh 3.2 So sanh giira Ro® va RoN ciia tiéng Viét va tiéng Phap

Str dung Mang no ron truyén nguoc dé phan loai cac diém cua (Rof, RoM).
- S6 16p: Quan sat két qua thi nghiém, tac gia quyét dinh str dung mang BPN
gdm 3 16p.

- S6 lugng dau vao: Sir dung ty 1& Rof va RoN, do d6 chiing ta c6 2 dau vao.
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- S6 16p an: 2.

- S luong dau ra: Pau ra co hai trang thai, do d6 sir dung mdt noron trong
16p dau ra.

- Chtre ning chuyén giao: Sir dung logarit chuin 1am chirc ning chuyén giao
cho t& bao no ron & ca ba 16p. Hinh dang ciia ham logarit chuin dwgc mo ta trong
hinh 3.3.

1
l1+e™

fx)=

Mang no ron truyén ba ngugc dugc mé ta trong hinh 3.4.

A

1__

0.5 +

v

0

Hinh 3.3 Hinh dang ciia ham logarit chuin

higt 11 —W Lie3 23
i L .
{1} biZ} bi
2 2 10 1

Hinh 3.4 Mang no ron truyén ba ngwoc sir dung trong giai doan Ra quyét dinh
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3.3 Chwong trinh nhin dang ngén ngir tw dong tiéng Viét va tiéng Phap

Chuong trinh nhan dang ngoén ngit ¢6 tén 1a “language identifcation speech”
duoc viét trén ngdn ngir 14p trinh Python, sir dung thu vién c6 san trong PIP va chay
trén hé diéu hanh Ubuntu.

Chuong trinh ¢6 sir dung mét s6 phan mém hd tro:

- FFmpeg: dé ghi, chuyén dbi va truyén phat am thanh va video.

- SoX: phan mém chinh stra 4m thanh da nén tang.

- youtube-dl: 13 mot chuong trinh dong lénh dé tii xudng video tir

youtube.com va mot vai trang web khac.

Activities Thu 0215 @

>

Language-
Id

Hinh 3.5 Chwong trinh nhian dang

Giao dién chuong trinh (hinh 3.6):

- test.py: dé chay file riéng 1¢ can kiém tra ngon ngit.

- listTest.py: dé chay nhiéu file can kiém tra ngdn ngi.
- data: thu muc chira cac file can chay.

- tensorflow: chura code chuong trinh.
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Language-identification-Speech Q H= H
©  Recent = ] = E
4 Home j ; 2 : 2
backup data models paper record_
[m Desktop predict
0O

Documents 2 2 %

EELPIRELE scripts tensorflow LICENSE listTest.py README.
Music md

Pictures @)

Videos requiremen  result.csv test.py

ks.kxt
Trash

dd
(0]
]
]

france24

+

Other Locations

Hinh 3.6 Giao dién chwong trinh
Trong thu muc dataTrain trong data:
- organise_spectrograms: Noi luu cac anh phd 4m thanh ma chuong trinh xtr
1y dugc.
- test: Noi luu céc dit liéu can phat hi¢én ngdn ngit, co thé nap dir liéu vao la

file video, chwong trinh s& tu dong chyén sang dinh dang dudi wav dé chay.

Activities & Files Thu02:20 8 Lo O~

;ﬁs < 4 data  dataTrain Q===
Recent E =
organise_ test train
Desktop spectrogra

ms
Documents

Downloads
Music
P

Videos

B & &R BDO

Trash

france24

4y

Other Locations

Hinh 3.7 Thue muc datatrain ctiia chwong trinh
- train: Noi chtra co s¢ dir liéu dd dugc training ciia chwong trinh, c6 tiéng

Viét va tiéng Phép, ching ta c6 thé thém dir liéu training tai day.
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4133) Nouvel Edito B2 - US - Vocabulaire _ la cuisine, activite 2 (p160).mp3
(]33 Exercice 30_ p33.mp3
- Assez parle d-amour (p118].mp3 4134) Nouvel Edito B2 - U3 - Vocabulaire _la quantite, activite 2 (p160).mp3
()34 Exercice 31_p33.mp3
4135) Nouvel Edito B2 - U9 - Activite 1 (p164).mp3

2114 8eacs~d 1emp3 2 24) Nouvel Edito B2 - U7 - Activite 2 (pl21)mp3 2135 Exercice 32_ p34.mp3
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4]15) Nouvel Edito B2 - U4 - Connaissez-vous |-ecotourisme (p64).mp3

[4)15_Exercice 12_p22.mp3
216 3eac*23 16.mp3

[4)16) Nouvel Edito B2 - U4 - Reclamation (p71).mp3

416 _Exercice 13_p23.mp3

[)17 eas®417.mp3

4)17) Nouvel Edito B2 - U4 - Premiere mondiale au pole Nord (p79).mp3

[4)17_Exercice 14_p23.mp3
J]18 drasid18.mp3

|1]18) Nouvel Edito B2 - US - Grandeur Nature (p82).mp3

2118 _Exercice 15_p2d.mp3
[]19 deas®+a 19.mp3

2119 Exercice 16_ p24.mp3
20 seaci=d 0.mp3

20_Brercice 17_p25.mp3
[4)21 &eas®3 21.mp3

] 21) Nouvel Edito B2 - UG - Mai 1968 auz Escaliers du marche (p100).mp3

2 21_Exercice 18_ p25.mp3
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20) Nouvel Edito B2 - US - Activite 6 (p37).mp3

25 5eae3 25mp3
25) Nouvel Edito B2 - U7
25 Exercice 2_p28.mp3
26 duaei 4 26.mp3

J]26) Nouvel Edito B2 - U7 -

[4)26_Exercice 23_ p28.mp3
(427 ssawina 27.mp3

[2]27) Nouvel Edito B2 - U8 -

27 Exercice 24_p29.mp3
3] 28 deau=5 28.mp3

28 Exercice 25_p29.mp3
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30_Exercice 27_p3L.mp3
31 5eaudn 3 3.mp3

)31 Exercice 28_p31.mp3
3132 dxant=6 32mp3

4]32) Nouvel Edito B2 - U3 -
1 22) Nouvel Edite B2 - U6 - Mayotte, 101e departement francais en 2011 (p112)mp3 4] 32_Exercice 29_ p32mp3

i

28) Nouvel Edito B2 - U -

|41]20) Nouvel Edito B2 - US -

3|31) Nouvel Edito B2 - U8 -

()36 _Exercice 33_ p34.mp3
- Avec eux (p122).mp3 [437) Nouvel Edito B2 - U10 - Activite 3 (p182).mp3
()37 _Exercice 34_ p35.mp3
4138) Nouvel Edito B2 - UL0 - La langue francaise me rappelle mon enfance (p184).mp3
Recherche d'independance (pL31).mp3 438 _Exercice35_ p36.mp3
[239_Exercice 36_ p36.mp3
[)40_Exercice 37_ p37.mp3
Assedic (p139).mp3 341 Exercice 38_ p37.mp3
|42 Exercice39_p38.mp3
)83 Exercice 40_p38.mp3
Enceinte et cadre, I-impossible defi (pL40).mp3 2] 44_Partie3_ Comprehension orale_exercice 41_p39.mp3
[2)45_Exercice 42_ pd0.mp3
4146 _Bxercice43_pdl.mp3

La consultation philosophique (p143.mp3 [2)47_Exercice 44_pd2.mp3
)48 Exercice45_p43.mp3
449 Exerciced6_p43.mp3
250_Epreuve blanche_exercice_pdd.mp3
51_Erercice2_ pd5.mp3
52 Brercice3_pd5.mp3
Les Francais veulent travailler le dimanche (s149).mp3 | 3] 53_Brercice4_pd6.mp3
|454_Delf blanc 1_exercice 1_ p1d9.mp3
2155 Exercice 2_pl50.mp3
Ne machons pas nes maux (p154).mp3 |4)56_Exercice3_p150.mp3
257 Exercice4_pl5L.mp3

Activite 3 (p146) mp3

Hinh 3.8 Hinh anh co sé dir liéu tap dao tao

Chay chwong trinh véi timg file riéng 1é cho ra két qua tiéng Viét va tiéng

Phap trong 2 gidy.

Activities ] Terminal =

*

Thu 02:41e 20~

ubuntu@ubuntu: ~/Desktop/Language-ldentification-Speech Yol <]

File Edit View Search Terminal Help

RESULTS
fileVN1l.wav ====> Vietname
ubuntu@ubuntu:~ sktopfL

a

se
nguag

Hinh 3.9 Hinh inh két qua chwong trinh véi file tiéng Viét
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s [E] Terminal ~ Thu 02:31 e SO~
1 Language-ldentification-Speech

Recent

i ubuntu@ubuntu: ~/Desktop/Language-ldentification-Speech?
ome

File Edit View Search Terminal Help
Desktop  pesyLt

1.wav France
Documents
ocum ubuntu@ubuntu:

Downloads
Music
Pictures
Videos

Trash

-Di@%:é-Dil'E).

francez4

+

Other Locati

Hinh 3.10 Hinh anh két qua chwong trinh véi file tiéng Phap

Chay chuong trinh v6i mot folder véi nhiéu file cho két qua tra ra file exel,

thoi gian tiy thudc vao sb lugng file chay nhiéu hay it, trung binh 2 gidy 1 file.

Clipboard s Font Ta
[ Al - fx | FILENAME
A B C D E
1 FILE NAME LANGUAGE IDENTIFICATION
2 filel36.wav Vietnamese
3 file96.wav Vietnamese
4 filel7s.wav Vietnamese
5 file139.wav Vietnamese
6 filel84.wav Vietnamese
7 file6.wav France
3 file36.wav France
9 file83.wav France
10 file8.wav France
11 filela7.wav Vietnamese
12 file138.wav France
13 filed6.wav France
14 file124.wav France
15 filel71L.wav France
16 file3d.wav France
17 filed0.wav France
18 filed7.wav Vietnamese
19 filelal.wav Vietnamese
20 file160.wav Vietnamese
21 file30.wav Vietnamese
22 file123.wav France
23 file162.wav France
24 file74.wav Vietnamese
25 file65.wav France
26 filelse.wav France
27 file13.wav Vietnamese
28 filed2.wav France
29 file179.wav France
30 file172.wav France
31 file79.wav France

Hinh 3.11 Hinh anh két chwong trinh nhiéu file dau vao
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3.4 Panh gia két qua

Phuong phap thir nghiém chia tap dir liéu mau lam 2 tap, 1 tap dé ddo tao
mang no ron (gdm 450 file tiéng Phap, 200 file tiéng Viét) va mot tap thir nghiém
(g6m 164 file tiéng Phap, 186 file tiéng Viét).

Do chinh xac khi cho dau vao tron 1dn ca 2 ngdn ngir gdm 100 file tiéng
Phap va 100 file tiéng Viét 1a: 84%.

Do chinh xac khi cho dau vao tap thir nghiém ngon ngir tiéng Viét 1a: 80%.

Do chinh xac khi cho dau vao tap thir nghiém ngdn ngit tiéng Phap 1a: 87%.
3.5 Két luan chwong 3

Day 1a chuwong cubi va ciing 1a mot trong nhitng chwong quan trong nhit cia
luan vin dé thé hién duoc ung dung cua tan s co ban cua tiéng noi vao nhan dang
ngon ngir. Thir nghiém véi chuong trinh nhan dang ngdn ngir tiéng Viét va tiéng

Phép véi két qua c6 do tin cdy cao trong thoi gian ngan.
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KET LUAN VA KIEN NGHI

1. Két qua ciia ludn vin

Lu4n vin d3 gi6i thiéu nhirng khai niém va 1y thuyét co ban vé ngudn gdc
cua am thanh, bd may phat am, ciing nhu co ché phat am, cac dac tinh am hoc cua
tiéng no6i. Ludn vin ciing di gidi thiéu cac dic diém cia ngdn ngit tiéng Viét va
tiéng Phap, gidi thiéu phén tich dir liéu tiéng n6i, mang no ron ing dung trong nhan
dang tiéng noi, dac biét 1a dac trung cua tan sb co ban cua tiéng noi véi nhan dang
ngon ngir.

Song song véi nghién ctru va tim hiéu 1y thuyét luan van da thir nghiém budc
dau 1a nhan dang 2 ngodn ngir tiéng Viét va tiéng Phap vai két qua nhanh va chinh
X4c cao.

2. Pinh hwéng phat trién

Hudng nghién ctru tiép theo cua luin vin s& tip trung vao viéc nghién ciu
cac phuong phap ning cao d6 chinh xac cta chwong trinh. Qua dic trung cta tan sb
co ban trong tiéng nodi di trinh bay thi con rt nhiéu bai toan cd thé tim hiéu va
nghién ctru thém trong tuong lai nhu ty dong phan biét gidi tinh, ving mién ciling
nhu phan biét nhiéu hon 2 ngdn ngit. V&i sy han ché nhiéu mit vé kién thuc ciing
nhu thoi gian, 6 4n chic chan s& khong thé tranh khoi nhiing thiéu x6t, toi tin rang
néu duoc dau tu thém thoi gian va duogc sy hd tro thém vé kién thirc cta cc théy co
gido va cac ban, dd 4n s& hoan thanh & muc tdt hon nita va tré thanh mot san phém

¢0 tinh hoan thién cao.
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