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MO PAU
X4 hoi ngdy cang phat trién luong thong tin luu trit ngdy cang 16n dan
t6i viée tim kiém dir liéu da phuong tién cang tré nén kho khian. Do d6 can c6
cac hé thong tim kiém thong tin hd trg ngudi st dung tim kiém mot cach

chinh xéc, nhanh chong, hiéu qua va tiét kiém thoi gian.

Hon nita, Cong nghé thong tin truyén thong, mang may tinh va céc giao
thirc truyén thong phat trién manh mg, két hop véi kha nang mo ta, dd hoa
phong pht cta cac trinh duyét d3 mang lai su da dang vé cac dir liéu cho
ngudi dung dau cudi.

Do d6, doi hoi 1am thé nao dé té chirc va co cdu mot lugng rat 1on cacdix
liéu da phuong tién dé c6 thé dé dang nhan duoc thong tin can thiét mot cach
nhanh chong tai bat ky thoi diém nao.

Tir d6, co so dit liéu da phuong tién dugc xdy dung dé trd thanh mot
cong cu quan li, luu trir va truy cap mot lugng 16n cac dbi twong da phuong
tién. Do chinh 1a co hoi ciing nhu 13 nguyén nhan dé cac cong nghé vé co so
dir liéu da phuong tién phat trién va tng dung rong rai trong doi song kinh té
xa hoi.

Céc dir liéu da phuong tién gém c6: van ban, hinh anh tinh, hinh anh
dong, am thanh, &m nhac, video... Hi€u qua cua cac ing dung da phuong tién
phu thudc vao stc manh cta co s¢ dir liéu da phuong tién, cu thé 1a cu trac,
cach to churc, kha ning truy cdp nhanh, chinh xac... Cong nghé da phuong
tien duoc Gng dung trong nhiéu truong  hop  nhu:
elearning, hoi thao video, thu dién tur, hién thuc do, tro choi dién tu... Viéce
tim hiéu ban chat cling nhu 1 cac dic trung, cac thudc tinh, cac k¥ thuat sb
hoda cua timg loai di¥ litu da phuong tién 13 vyéu cau
dé trién khai va ing dung cong nghé da phuong tién vao doi song.

Trong d6, viéc tim hiéu cac dic trung, phuong phap sd hoa, phuong
phap trich chon, tim kiém cua dit liéu Am thanh trong co s& dit liéu am thanh

hién dang duoc quan tam dac bi¢t boi cac dac thu cua dir liéu &m thanh nhu:
9



da dang thong dung voi ngudi dung, than thién véi moi dbi tuong, truyén tai
mot luong 16n thong tin trong khoang thdi gian ngin, tng dung nhiéu trong
doi sdng, d6 chinh 13 1i do toi chon dé tai “Xdy dwng hé théng tim kiém dm
thanh theo néi dung dwa trén cic dic trung mién tin s6”

8. P6i twong va pham vi nghién ciru

- Céc khai niém co ban vé co so dit liéu da phuong tién.

- Céc khai niém co ban vé dic trung &m thanh.

- Mot s6 k¥ thuat tmg dung phat trién co so dit liéu am thanh.
9. Huwéng nghién ciru ciia dé tai

- Nghién ctru giai thuat lién quan dén cac k¥ thuat tim kiém 4m thanh
trong co s& dir liéu am thanh.

- Nghién ctru giai phap cdng nghé cai dit chwong trinh thir nghiém.
10. Nhirng ndi dung nghién ciru chinh
Noi dung nghién ciru ctia luan vin bao gom:
- Gidi thiéu vé co s& dir liéu da phuong tién
- Cac dac trung @m thanh va co so dir liéu @m thanh
- Xay dung chuong trinh thir nghiém hé théng tim kiém am thanh.
11. Phwong phap nghién ciru

Tong hop cac tai liéu dd duoc cong bd vé dir liéu am thanh.
Thuc nghi¢ém mot s6 thuat toan bién doi trong xu ly am thanh
Nhan xét, danh gia két qua thir nghiém.

12. Y nghia khoa hoc va thuec tién

- Luén van nghién ctru k¥ thudt tim kiém am thanh theo noi dung.

- Cai dat thir nghiém cac k¥ thuat xur 1i am thanh.
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- Giai quyét bai toan xur 1i 4m thanh trong co s¢ dit liéu 4m thanh da
phuong tién.
13. B6 cuc ciia luéin viin
Luan vin bao gdm 3 chuong cung véi phan M dau, phan Két luan, phan
Muc luc, phﬁn Tai liéu tham khao.

CHUONG 1: TONG QUAN CO SO DU LIEU AM THANH

Trinh bay mot s6 khai niém vé CSDL da phuong tién noi chung va
CSDL am thanh néi riéng. Cac van dé co ban duoc trinh bay bao gdm Kién
trdc tong quan cta hé théng CSDL da phuong tién, cac loai dit liéu da phuong
tién va MmO hinh ctia ching. Cac nhiém vu phat trién hé théng CSDL da
phuong tién. Gidi thiéu tinh hinh nghién ctru trong va ngodi nudc vé van dé
lién quan.

CHUONG 2: TRICH CHON CAC PAC TRUNG AM THANH

Trinh bay tong quan mdt sé6 phuong phap, trich chon dic trung am
thanh. Tiép theo 1a nghién ctru cac thudc tinh va dic trung chinh cta 4m thanh,
bao gdm cac dic trung trong mién thoi gian bién do, trong mién bién doi va
trong mién anh phd. Cac thudc tinh va dic trung chinh cia CSDL da phuong
tién, phan 16p am thanh phuc vu tim kiém dit liéu 4m thanh trong CSDL am
thanh.

CHUONG 3: XAY DUNG CHUONG TRINH THU NGHIEM HE
THONG TIM KIEM AM THANH

Gi01 thi€u bai toan thir nghiém, dit liéu thtr nghiém, cac cong cu phan

mém hd tro phét trién CSDL 4m thanh. Thiét ké hé thong, viét chuong trinh

thir nghiém. Du dinh sir dung MatLab dé xdy dung chuong trinh demo.
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CHUONG 1: GIOI THIEU VE CO SO DU LIEU PA

PHUONG TIEN
1.1. CAC DU LIEU PA PHUONG TIEN

Da phuong tién (multimedia) 1& mt phuong phap gidi thi¢u thong tin
trén may tinh bang cach st dung nhiéu phuong tién truyén thong tin nhu: Text
(vdn ban), graphic (biéu d, do thi), animation (hoat hinh), image (anh chup),
video (hinh anh), audio (Am thanh), hoic két hop cac media véi nhau (video +
audio + vin ban dién giai)... [2]

Nguoi ta thuong phan media thanh hai loai dya trén quan hé ctia chung
voi thot gian. Do 1a:

> Static media: Khong c6 chiéu thoi gian. Thong tin khong lién quan

t61 thot gian. Vi du cho loai nay 1a van ban, hinh hoa, anh chup.

> Dynamic media: C6 chiéu thoi gian. Thong tin ¢6 quan hé chat ché

v6i thoi gian va thong tin phai duoc trinh dién voi thoi gian xéc
dinh. Vi du cac loai audio, video, animation, game online...

So v&i dit lidu truyén thong nhu vin ban va s, dit liéu da phuong tién
c6 mot sb dic diém rat khac biét, do 1a:

= Kich thwéc va sé lwong div liéu dé so

- Kich thuéc dir liéu 16n: dit liéu da phuong tién c6 kich thude 16n hon nhiéu
so v6i cac kiéu dir lidu sb va van ban thong thudng. Mot van ban tho co 200
tir (khoang 1000 ky tu) chi co kich thuéc 1a 1kByte, nhung néu luu vin ban
d6 bang dinh dang anh GIF thi kich thudc gép khoang 10 1an. Mot giong noi
don sic duoc luu vé6i dinh dang .WAVE trong thoi gian 1 phat c6 kich thudce
khoang 2640 kByte (d nén) hodc xap xi 6-8 MB (chua nén). Mot canh video
rat ngin chtra hang trim birc anh véi kich thudc cé thé 1én dén hang chuc

MB..., xem bang minh hoa:
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Kiéu MO0 ta Kich thuéc

Plain text khoang 200 tir (1000 ky tu) 1 kByte
Tép Winword khoang 200 tir (1000 ky tu) 15 kByte
Anh GIF khoang 200 tir (1000 ky tu, 210 x 100mm) | 10 kByte

Am thanh WAVE | Giong néi (1 phit, 22KHz, 16 bit, mono) | 2640 kByte

- S6 luong dit liéu do sd: nguoi ta wdc tinh, chi riéng trén WWW c6 s6 luong
1én dén hang ti anh, hang tram triéu bai hat MP3 va vai chuc triéu phim video.

= Mgt 56 dit liéu da phwong tién phu thudc thoi gian

Audio va video c6 thém chiéu thoi gian. Khi trinh dién audio va video
thi chat luong cua chung phu thudc chat ché vao tbc do trinh dién. Vi du,
video phai duoc trinh dién véi téc do 25 dén 30 hinh/gidy dé c6 thé cam nhan
duogc hinh anh chuyén dong tron tru.

= Tim kiém dwa trén co sé twong tw

Trong co s& dit liéu quan hé, phuong phap tim kiém truyén thong d6i
voi dit liéu dang van ban va s6 1a tim kiém chinh xéc, hay con goi la "exact
search". P6i voi dir liéu da phuong tién, nguoi dung thuong dit ra yéu ciu
tim kiém mot dé6i tuong tuong tu theo ndi dung ma ho dua ra. Vi du, mét
nghién ctru khoa hoc cho biét con ngudi c6 kha ning nhan biét mot bai hat
thong qua giai diéu (humming) tot hon thong qua tén bai hat. Mit khac, co rat
nhiéu bai hat ¢ cung tén va chi khac nhau vé giai diéu. Vi vay, viéc tim kiém
mot bai hat dya trén giai diéu s& dap tng tot hon nhu cau day tiém ning cta
nganh cong nghi¢p giai tri.

Tuy nhién, viéc tim kiém tuong tu c6 thé phai dua trén cac dic trung
phtc tap (vi du, video c6 thé chira vin ban, 4m thanh, hinh anh...).

= Pong bj

Mot s6 ing dung da phuong tién st dung hé théng thoi gian thuc. Hé

thong thoi gian thyuc 13 hé thong ma trong d6 sy dung din cua viéc thyc  hién
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thao tac khdng chi phu thudc vao viéc thu duge két qua dang ma con phai dua
ra két qua ding thoi diém. Vi du, cic tép phim, bai giang, truyén hinh truc
tiép, hoi nghi, hoi thao qua mang (video conference), xem video theo yéu cau
(video on demand) ... thi yéu cau hinh anh phai duoc dong bo véi am thanh.

= Chit lwong dich vu (Quality of Service- Q0S)

QoS la mot tap cac yéu cau vé chat luong ddi voi cac hoat dong téng
thé chung cua mdét hodc nhiéu doi tuong. Cac tham sb QoS mo ta tbc do va do
tin cdy cua viéc truyén dir liéu nhu thong luong, tré, ty 1€ 16i... Cac ung dung
da phuong tién khi truyén qua mang thudng doi hoi yéu cau cao vé QoS, nhat
la c&c dich vu da phuong tién tuong tac thoi gian thuc nhu dién thoai internet,
hoi thao qua mang. Cac dich vu nay thuong doi hoi khat khe vé do tré (tbi da
la vai trim ms). Bé xac dinh QoS, nguoi ta dua vao cac tham sb sau day:

- Do tré: 1a khoang thoi gian cuc dai dé truyén di liéu.
- Jitter: 1a d6 bién d6i do tré.
- Thong luong: 1a téng sb dir lidu cuc dai duoc truyén di trén mot don vi thoi

gian.

- Ty s6 mat tin: 1a s dit liéu cuc dai bi mat trén mot don vi thoi gian.
1.2. TONG QUAN CUA CSDL PA PHUONG TIEN
1.2.1. Khai niém

Hé théng quan tri co s¢ dir liéu da phuong tién 1a hé théng t6 chirc va
lwu giir, bao gdm céc dit liéu truyén thong va céac loai dit liéu triru tuong.

Mot dinh nghia khac, theo Libor Janek va Goutham Alluri, hé théng
quan tri co so dir liéu da phuong tién 1a mot co cu to chirc quan 1y cac kiéu
dir liéu khac nhau, c6 kha nang thé hién trong cac dinh dang trén mdt pham vi
cac ngudn phuong tién da dang. [2]

Luong dit liéu da phuong tién phat sinh theo nhu cau hién nay duoc luu
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trit 13 mot con s6 khong 16. Chi riéng voi dit liéu video, ngudi ta ude tinh ¢6
khoang 21264 tram truyén hinh phat 16 gid hang ngay, sinh ra khoang 31 ti
gi0. Tuy nhién, cac hé quan tri co sé dir li¢u da duoc st dung rong rai nhu co
so dit liéu quan hé, chu yéu tip trung vao quan 1y cac tai liéu van ban thi
khong dap ung ddy du d6i véi viéc quan 1y cac dir liéu da phuong tién, boi
cac tinh chét cling nhu cac yéu cau dic biét cua chung nhu di néu & trén. Do
d6, hé thong quan tri co sé dit liéu da phuong tién 14 sy can thiét dé quan ly
dir liéu da phuong tién mot cach co hiéu qua.
1.2.2. Kién tric co sé dir liéu da phwong tién (MMDBMS)

Phat trién mot MMDBMS bao gdm céc bude sau:
Budc 1. Thu thap media

Céc dir liéu media dugc thu thap tur cac nguén khac nhau nhu ti vi, CD,

Budc 2. Xur lymedia

M0 ta cac doan trich media va cac dac trung ctia ching, bao gom ca loc
nhi€u va tach tho...

Budc 3. Luu trir media

Duya vao yéu clu cu thé cua ung dung dé luu dir liéu va cac dic trung
ctia chiing vao hé thong.

Budc 4. T6 chircmedia

T6 chire cac dic trung dé phuc vu viéc truy tim. Vi dy, chi muyc céc dac
trung véi cac cdu trac giup khai thac hiéu qua.

Budc 5. Xir Iy truy van media

La qua trinh 1am cho thich nghi véi cau triic chi muyc. Thiét ké cac giai
thuat tim kiém hiéu qua.

Kién tric chung cho mot MMDBMS dugc minh hoa nhu sau:
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Xay dung
truy van dac
trung

Trich

chon dac

/ trung

Céac dbi tugng media Search

engine Nguoi dung

A Phan hoi
Xay dung an hoi

truy van phan

hoi

Hinh 1.1: Kién triic chung ciia mét MMDBMS

Hé théng co sé dir liéu da phuong tién co nhiéu modun chirc
nang khac nhau nham hd tro cac thao tac trén dir lidu da phuong tién.
Bao gdm cac mddun chinh sau day:

- Giao di¢n nguoi dung.
- B trich chon dactrung.
- Chi s6 hoa va méto tim kiém.
- Quan Iy truyén thdng.
Trong do, c6 hai thao tac co ban la:
 Bé sung dit liéu da phwong tién méi

Thao tac bo sung dugc thuc hién theo trinh ty cac budc

nhu sau:

- Buéc 1. Dit lidu da phuong tién méi dugce bd sung thong qua nhiéu

cach khac nhau nhu nhap tryc tiép tir ban phim, tir microphone hay tir
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bat ky thiét bi nhap k¥ thuat sé khac. Dir liéu da phuong tién ciing c6
thé duoc 1ay tir cac tép da luusin.

- Budc 2. Sau khi dir liéu da phuong tién duogc bd sung, nd1 dung cua
chung dugc trich chon bang cong cu trich chon dic trung.

- Buédc 3. Cac dir liéu da phuong tién duge bd sung cung véi cac dic

trung cia nod, thdng qua bd quan Iy truyén tin duge gui vé may chu.

- Budc 4. Tai may chu, cac dac trung dugce bd tri vé cac vi tri phu hop dua
vao lugc dd chi séhoa.
- Budc 5. Cac dir liéu da phuong tién bd sung cing voi cac dic trung va chi
s6 hda phat sinh duogc luu vao bo quan 1y luu trir.

e Truy vin

Thao tac truy van duoc thue hién theo trinh tu cac buéce nhu sau:

- Budc 1. Tai giao dién nguoi dung, nguoi st dung truy van thong tin thong
qua mot thiét bi nhap nao do, thong qua t&p da dugce luu trude do6 hodc co thé
lay truc tiép tir co so dit liéu MMDBMS.
- Budc 2. Néu truy van ctia nguoi stt dung khong duogc 1y truc tiép tir co s
dir liéu trong MMDBMS thi thyc hién nhu sau:

+ Thuec hién trich chon dic trung truy van.
+ Guri cac trich chon dic trung 6 dén may chu.
+ Moto chi s hoa tim kiém cac muc dit liéu phit hop véi truy véan trong
co s& dir liéu.
+ Hién thi két qua dén nguoi sir dung théng qua giao dién ngudi dung.
1.2.3. Pac trung ciia mot co s¢ dir li€u da phwong tién
Céc dic trung chu yéu cia MMDBMS bao gom:
» Quan ly dir lieu da phuong tién da dwoc luu trir: cac dit 1iéu da phuong

tién duoc luu trir dé quan 1y gdm ca cac thiét bi bén trong va bén ngoai
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may tinh, vi du dir liéu Iuu trix trén CD ROM...

Cdc phwong phdp tim kiém dwa theo mé ta: vi du, nguoi dung c6 thé
dua ra mot mo ta dé tim kiém "tiéng chudng dién thoai"...

Giao dién nguwoi ding déc ldp véi thiét bi: ngudi dung khong can biét
cach thuc luu trir dit liéu da phuong tién nhu thé nao.

Giao dién nguoi dung doc ldp voi cac dinh dang: cac truy van dit liéu
da phuong tién c6 thé doc 1ap voi dinh dang dir liéu. N6 cho phép c6
thé sir dung cac k¥ thuat luu trir moi ma khong can thay doi ing dung
co so dir liéu hién co.

Cho phép thuc hién nhiéu truy cdp div liéu dong thoi: div liéu da
phuong tién co thé truy cap dong thoi qua nhiéu ciu truy van khac nhau
bai mot sb6 tng dung. Cach truy cip nhat quan nham chia sé dit liéu c6
thé duogc thuc hién, va can c6 co ché dé thda man viéce tranh tao ra cc
Xung dot.

Qudan Iy mét lwong dit liéu I6n: hé thong can phai c6 kha nang luu trix
va quan 1y luong dit liéu 16n va thda man cac truy van ddi véi cac quan
hé cua dir liu.

Vin dé truyén dir liéu da phwong tién dwa trén thoi gian thyc: diéu
khién viéc doc/ghi dit li¢u lién tuc phai dugc thyc hién dya trén thoi
gian thuc. Do luong dit liéu c6 thé 1a rat 16n (vi du, truyén video) nén
viéc truyén dir liéu c6 thé ton nhiéu thoi gian va nd con doi hoi phai

dugc thuc hién mdt cach chinh Xac.
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On-line Off-line

> Cau truy Am thanh
Dai dién Dai dién
Am thanh \ / Am tpanh
7y

Déi sanh
(tinh toan murc

Am thanh truy

Danh gia murc dd
thich ho’p va
phan hoi

A

Hinh 1.2:Tim kiém dit liéu da phwong tién
1.3. KHAI QUAT CO SO DU LIEU AM THANH

1.3.1. Mot s6 khai niém
1.3.1.1.Truy tim théng tin

Truy tim thdng tin - Information Retrieval (IR) 1a k¥ thuét tim kiém
thong tin duoc luu trix trén may tinh. Boi véi dit lidu da phuong tién, viée truy
tim thong tin hiéu qua la dua trén tim kiém twong tu. Hé thong luu trit mot tap
cac dbi tugng da phuong tién trong co sd dit liéu. Nguoi dung dua ra cac truy
van, va hé thong tim ra cac dbi tuong tuong tu truy van trong co s dir liéu da
luu trit théa méan yéu cidu cia ngudi dung. Truy tim thong tin trong
MMDBMS c¢6 mot s dic diém sau day: [4]

- Str dung mot khdi lugng dit liéu dic ta 16n va phuc tap.
- Viéc tiép can IR chu yéu dua trén cac dic trung.
- Cac dir liéu thuong c6 kich thudce 16n.

- Su can thiét phai co6 cac k¥ thuét chi muc dir li€u kich thudc 16n dé xur 1y cac
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truy vin mot cach hiéu qua va thyc hién nhanh hon so v6i phuwong phép tim
kiém tuan tu.

- Su can thiét phai tich hop cac dic trung media phirc tap mot cach thuong
xuyén (vi dy, dir li€u anh co thé chtra cac dic trung nhu: hinh dang, biéu d6
mau, két ciu...).

Y tuéng clia phuong phép tim kiém twong tu dua ra nhu sau:
- Cho mot tap cac dbi twong da phuong tién trong MMDBMS.

- Tim ra mot hodc mot s6 K dbi tugng twong tu (gidng) nhat véi dbi tuong
truy van mong muén mot cach nhanh chéng.

Do tinh twong tu

a. Mo ta:

Cho mét tap cac dbi tuong da phuong tién DB hoic cho mot diém P
nao do6 trong mot khong gian mang d chiéu DS=[0,1]".

Truy van Q 1a mdt vecto dic trung d chiéu duoc tach ra tir ddi tuong
can truy van. Biéu thtc truy van c6 thé thay ddi (vi du, trong sb...).
Goi D(P,Q) 12 ham khoang cach vé tinh twong ty giita P va Q.

b. Cac thao tac:

Thao tac thuc hién chi tiét cAc mo ta néu trén bao gém:

- Chi muc

Ban dau, dir liéu trong co so dit liéu dugc tién xur ly dé trich chon dic
trung va duogc chi s6 hoa dua trén co s dic trung va ngit nghia. Két qua duoc
vecto dac trung cua dit 1iéu do.

- Truy van

Khi ngudi sir dung truy van thong tin thi cau truy van thong tin cua
nguoi sir dung duoc trich chon cac dic trung chinh. Két qua duoc vecto truy

van.
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- Do tinh tuongtu

Cac dic trung ctia vecto dic trung trong co so dit liéu va vecto truy van
duoc dem ra so sanh, gié tri so sdnh cho ta khoang céch d.
- Két qua

Néu vecto dic trung nao trong co sd dir liu gan véi vecto truy van
nhét, tirc 12 khoang cach d nhé nhét thi duoc tim ra va trinh dién cho ngudi st
dung.

c. M0 hinh:

M hinh thao tic MMDBMS néu trén duogc thé hién nhu sau:

Dt ligu

Dir liéu truy van .
da phuong tién

v A 4

Trich chon dic trung Trich chon dac trung

A

Vecto truy van: Q Vecto dac trung: P

Tim kiém tinh twong tu
(Po khoang cach D(P,Q))

Két qua (danh sach cac két qua
c6 gia tri D nhé nhat)

Hinh 1.3: M6 hinh thao tac MMDBMS

d. Zinh chat:
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Cho P va Q 1a hai ddi tuong trong khong gian Metric. Khoang cach
D(P,Q) do tinh twong ty ctia P va Q c6 mot s tinh chét sau day:
- Tinh d6i xtmg (Symmetry): D(P,Q) = D(Q,P)

- Tinh bét bién (Constancy of Self- Similarity): ~ D(P,P) =0
- Tinh tuyét d6i (Positivity): D(P,Q)>0 néu P #Q

- Tinh khong déu tam giac (Triangular Inequality): D(P,Q) < D(P,0)+D(Q,0)

1.3.2. Dir liéu am thanh
1.3.2.1.Cdc dac trung co bdn ciia dm thanh

Am thanh 13 su lan truyén ap suat khong khi trong khong gian, 4m
thanh c6 cac dac trung vat ly va sinh ly.

Cac dac trung Vat lv :

- Tan s6 am thanh : 12 tin s6 dao dong cua séng am, tinh theo don vi Hz,
KHz.

- Cuong d0 am thanh : do 16n bién do song am, dic trung cho cong sut
ctia ngudn phat am. Pon vi cia cudng d6 1a W/m?,

Céac dac trung sinh |y :  lién quan dén suy cam nhan 4m thanh  cua tai

nguoi.

- Am séc : 13 sic thai cao thap, tram bong (lién quan dén phd tan sb
cla song am)

- Am luong : cam giac to, nho cua tai ngudi khi nghe, am luong lién

quan dén cuong do cua song a&m. Am lugng 1a mot dai lugng tuwong ddi, dugce

do bang Decibend (dB). Ngudi ta quy wéc gia tri cuong d6 ngudng nho nhat

ma tai ngudi con ¢ thé cam nhan duoc Am thanh 1a 10 W/m?® tmg véi muc
am lugng 0 dB [4]. Tur d6 xac dinh duoc :

Am luong cta 4m thanh trong hoi trudng 16n 13 ¢ 60 dB ;
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Nha may : 80 dB;

Ngudng cam nhéan 16n nhat cta tai nguoi: 120 dB;
Nguodng dau cua tai nguoi : 140 dB.
1.3.2.2. Am thanh sb

S6 hoa 1a qua trinh biéu dién 4m thanh tuong tu dudi dang ro1 rac va dugc
mi hoa duéi dang cac con sb nhi phan dé xir 1y trong may tinh hodc cac thiét
bi da phuong tién sé.

Mot 4m thanh c6 thé 1a td hop cua nhiéu tan sd, tn sd chinh bao trum
trong 4m duogc goi 1a tAn s6 co ban. Trong tiéng nodi tan s co ban 1a dap ung
ctia su rung dong cac day thanh am, tin sb co ban thudng dugc ky hiéu 13 Fo.

Pon vi cta tan sd 1a Hertz, ky hiéu 1a Hz. Mdi Hz bang mot dao
dong/mot gidy. Va 1 KHz s& bang 1000 Hz.

Céc thong s6 chii yéu ctia Am thanh s6 hod 12 :

a. Lay miu 4m thanh

Léy mau am thanh 13 qua trinh tao ra tin hiéu 4m thanh roi rac hoic tin
hiéu s6 tir tin hiéu am thanh dang tuwong ty. Tan sb ldy mAu 1a s6 1an 14y mau
dugc tinh trong mot don vi thoi gian, thong thuong 1a gidy. Tan s6 1dy mau ky
hiéu 1a Fs

Khoang thoi gian ma qua trinh lay mau duoc lap lai goi la chu ky lay mau.

Vi du: Fs = 11025Hz nghia la 1s ta thu dugc 11025 mau va 1ms thu duoc
11025/1000 » 11 mau.

Pinh 1y 1dy miu Shannon :

Dinh 1y Shannon: Pé dam bao thu duoc tin hiéu sd hoa trung thuc trong
mirc cho phép véi tin hiéu ldy miu, tin sé 14y mau phai t6i thiéu 16n hon hai
lan tan s6 16n nhat xuat hién trong tin hiéu liy mau.

Céac am thanh s6 hoa tiéu chuan thudng dugc 14y mau voi cac tan so tur
6000 dén 192000 Hz, va thudng 14 cac tan s6 6000, 8000, 11025 , 22050 ,
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44100 , 48000, 96000 Hz.

Tan s6 4m thanh con ngudi ¢6 thé cam nhan duoc nam trong khoang tir
20 dén 20000 Hz. Tuy nhién, tan so tiéng néi ciia con ngudi chi nam trong
khoang 8000 Hz. Tai nguoi dic biét nhay cam véi nhimg tan sb trong tin
hiéu tiéng noi chita thong tin phu hop nhat véi viée lién lac (nhiing tan sd
xap xi 200 — 5600 Hz). Nguoi nghe c6 thé phan biét duoc nhimg su khac
biét nho trong thoi gian va tan s6 ctia nhitng Am thanh nam trong ving tan s6
nay.

Do vay, theo dinh 1y 14y mau Shannon, tan s6 ldy mau cho tiéng noi chi
can ¢& 11025 Hz hodc 22050 Hz 1a vira. Néu lay mAu voi tan sé qua cao thi
s6 lugng mau thu dugc rat 16n va gay kho khan hon trong viéc xir Iy ching,
nguoc lai, néu ldy mau véi tin sd qué thap thi s& lam bién dang va mat mat
thong tin trong &m thanh.

b. Lwong tir hoa Am thanh

Quaé trinh biéu dién tri sé cia cac mau boi mot gia tri xac dinh nam
trong pham vi biéu dién bai sd byte ma hoa dugc goi 1a qué trinh luong tr
hoa. S6 byte dung trong M3 hoa 4m thanh thudng 1a 1, 2 hodc 4 byte. VD
ma hoa am thanh bai 8 bit (1 byte) s& phan chia gia tri cdc mau am thanh ra
lam 256 murc, trong khoang tir 0 dén 511 hodc tir -256 dén 255.

Néu m3 hoa am thanh boi it byte thi sé muc dé biéu dién trj s6 cla cac
mau thu duoc 13 it, do d6 phai lam tron tri s cua cac mau vai sai sb 16m,
diéu nay dong nghia vai viée 1am sai 1éch hay lam bién dang 4m thanh & mot
murc d0 nao do, tuy nhién thu dugc 1gi diém 1a dung lugng tép am thanh thu
duogc 1a nho. Nguoc lai, néu ding quéa nhiéu byte dé ma ho4 thi s& thu dugc
am thanh vo1 do trung thuc cao, tuy nhién phai tra gia cho dung lugng 16n

ctia tép am thanh s ho4 thu dugc.

Fo trung binh  (Hz) | Fo thép nhat | Fy cao nhat
Nam 125 80 200
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N 225 150 350
Tré em | 300 200 500

Vi tan s co ban 1a tan s dao dong cua diy thanh 4m nén ddi v6i mbi
ngudi, gia tri nay kha on dinh d6i voi cac nguyén am khac nhau. Mot sb két
qua khao sat cho thay né chi thay doi khoang 5% gifta cic nguyén am khac
nhau. Vi ciing mot ngudi, khi phat 4m & céac thoi diém khéc nhau, tan sé co
ban ciing ¢ su thay d6i nho.

Tan s6 co ban cang 16n thi 4m thanh phat ra c6 cao do cang 16n, hay
noi cach khac dac trung Pitch cua am thanh d6 cang cao.

Trong linh virc nhan dang tiéng ndi, tan sé co ban duogc st dung phdi
hop véi cac dic trung khac dé ting cudng do chinh xac.

1.3.3. Giédi thi¢u Co sé dir liéu am thanh

Tuong tu dit liéu anh va dir liéu video, dir liéu &m thanh dugc dac trung
bdi hai cach co ban: st dung metadata dé dién giai noi dung tép Am thanh hay
tach dac trung thich hop cua dir liéu am thanh nh¢ ky thuat xtr Iy tin hiéu.
Chung ta s& khao sat tong quan ca hai ky thuat nay.

- Bi¢u dién ndi dung 4m thanh biang metadata

Tong quat thi metadata dugc str dung dé biéu dién nodi dung 4m thanh
dugc xem nhu tap cac ddi twong trai dai theo dudng thoi gian, twong tu video.
Cac dbi tuong, dic trung va hoat dong xay ra trong 4m thanh hoan toan tuong
ty nhu trong video. Su khac biét & chd, &m thanh dé nghe, con video dé ca

nghe va nhin. Nhu vay, ching ta c6 thé chi s6 hoa metadata két hop véi
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am thanh theo cach twong tu cach chi s hoa video, va k¥ thuat xu Iy truy vén
video cling dugc stir dung lai ¢ day.

Phan 16n CSDL a4m thanh dang ton tai st dung lugc dd chi s hoa trén
co s metadata.

- NOi dung am thanh trén co sé tin hi¢u

Str dung metadata la tin cdy va dugc khuyén cao khi co cach tao ra
metadata. Thi du, néu ta tao ra CSDL 4m thanh ctia dai phat thanh hay ghi 4m
nhac, thi hdu nhu khong c6 van dé khi tao ra metadata. Tuy nhién, trong tng
dung khac, nhu canh sat nghe trdm dién thoai ctua ké tinh nghi ban ma tuy,
viéc tao metadata s€ phtrc tap hon bdi vi nhan danh ctia ngudi noéi co thé
khong duoc biét trude, tham chi ndi dung ciia hoi thoai c6 thé khong 16 rang
(néu co sir dung thiét bi tron am).

Trong truong hop nhu vdy, quan niém vé ndi dung duge mé ta bang
khai ni¢ém cta cac phuong phap xur 1y tin hiéu trén day.

CSDL am thanh c6 thé duge chi sb hoa bé'mg cac dac trung cua tin hi¢u
am thanh nhu: Cuong do, am lugng, do trong, ...

CHUONG 2: TRICH CHQON PAC TRUNG AM THANH

2.1. Khai quat vé dic trung chinh ciia &m thanh

Trong thuc té, trich chon dic trung dong vai tro rat quan trong trong
van dé phan 16p am thanh. Chang cho thiy dic trung quan trong cua céac loai
tin hiéu 4m thanh khac nhau. Pé nang cao tinh chinh x4c cta viéc phan 16p
am thanh, ta can phai lya chon cac dic trung tét. Pa s cac phuong phap, giai
thuat trich chon dic trung 4m thanh hién nay déu xem céc dic trung sau day
1a hiéu qua dé phan 16p va phan doan am thanh.

2.2. C4c dic trung Am thanh trong mién thoi gian

Biéu dién trong mién thoi gian hay thoi gian - bién do 14 k¥ thuat trinh

dién tin hi€u co ban nhat, trong dé tin hi¢u dugc bi€u dién nhu bién dd bién
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d6i theo thoi gian. [2]

Hinh 2.1 14 thi du tin hiéu 4m thanh s6 trong mién thoi gian. Im ling
(cam) duoc biéu dién boi gid tri 0. Gi tri tin hiéu c6 thé Am hay dwong phu
thudc vao ap sudt &m thanh cao hon hay thap hon ap sudt cAn bang khi im
lang. Gia st rﬁng su dung 16 bit dé ma hoa mau audio, thi ta co gia tri tin hi¢u

s& trong khoang tir 32767 dén -32767.

=mipl

T F-20000

Hinh 2.1: Tin hiéu dm thanh sé theo mién thoi gian

Tir cach biéu dién trén ddy ta d& dang co dugc ning lugng trung binh,
tdc d6 vuot qua

0 (zero crossing rate) va ty 1¢ cam (silence ratio).
2.2.1. Nang lwgng trungbinh
Nang lugng trung binh chi ra am luong (loudness) cta tin hiéu audio.

C6 nhiéu cach dé tinh n6. Mot cach tinh don gian nhu sau:
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N-1

e DXy

N =0

N

trong d6, E 14 ning luong trung binh ctia doan audio, N 13 tong s6 mau trong
doan audio, x(n) 13 gia tri ctia mau n.
2.2.2. Zero crossing rate

Tbdc dd vuot q ua 0 chi ra tan sb thay ddi cua dau bién do tin hiéu.
Noi cach khac no chi ra tan sb trung binh cua tin hiéu. Toc dd vuot qua 0

duoc tinh nhu sau:

7C — ZN: |sgn x(n) — sgn x(n — 1)
B 2N
N=1
trong d6, sgn x(n) 1a dau cua x(n) va co gia tri 1 néu x(n) duong, gié tri -1 néu
x(n) co gia tri am.

2.2.3. Silence ratio

Ty 1€ cam chi ra kich thuéc doan am thanh cam. Cam dugc dinh nghia
nhu chu ky trong d6 gia tri bién do tuyét dbi ctia mot s6 mau nho hon ngudng
nao do. Co hai loai ngudng: ngudng bién do va ngudng thoi gian.

Véi ngudng bién do, mau dugc xem nhu 1a cdm khi bién do cua nd nho
hon ngudng bién do. Chi mot mau cdm khéng duge xem nhu chu ky cam. Chi
khi tong cac mau cdm lién tuc vuot qua ngudng thoi gian nao dé thi cac mau
nay hinh thanh chu ky cam (silence period).

Ty 1¢ cAm dugc tinh bang ty 1¢ giira tong chu ky cdm va téng do dai cta
doan am thanh.

2.3.C4c diic trung &m thanh trong mién tin sb
2.3.1. Pho 4m thanh

Bi€u dién mién thoi gian khong chi ra dugc cac thanh phan tan s6 va
phén bo tan so cia tin hi€u &m thanh. Biéu dién mién tan so suy dién tu biéu

dién mién khong gian bang bién doi Fourier. Bién doi Fourier dugc xem nhu
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tach tin hiéu thanh cac thanh phﬁn tan sd. Trong mién tin sd, tin hiéu duoc
biéu dién boi bién d6 bién ddi theo tan s, chi ra tong nang lugng tai cac tan
s6 khac nhau. Biéu dién mién tan s6 cua tin hiéu duoc goi la phé cua tin hiéu.
[2]

Hinh 2.2 1a pho cua tin hiéu 4m thanh cta hinh 2.1. Xuét phat tir phd
tin hiéu, d& dang nhan ra phan bd ning luong theo dai tan sb. Vi quan tim dén
tin hiéu s6 cho nén ta st dung DFT dé suy dién ra phd tin hiéu. Cong thirc

tinh DFT nhusau:

N-1

X(k) = z x(n)e’™ wy

N=0

trong do, o, = %, x(n) 1a tin hiéu ro1 rac voi N mau, k 13 DFT bin.

N
Néu tan s6 14y mau tin hiéu 13 f; Hz thi tan sb fi ctia bin k s& 1a:
i, o f,
“lsoam TSN

Néu x(n) c6 gidi han thoi gian 1a N thi né c6 thé khoéi phuc hoan toan

bang IDFT ctia N mau tan s6 nhu sau:

N _
x(n) = iz X (k)e "
N i
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Céc gia tri DFT va IDFT duoc tinh toan hiéu qua bang thuat toan FFT.

dB
Bién do

]
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Hinh 2.2: Phé ciia tin hiéu am thanh

Nhu noi trén, DFT lam vi¢c véi tin hi€u ro1 rac c6 gidi han do dai (N).
Thuc té, rat nhiéu tin hiéu trong khoang thoi gian dai. Rét kho tinh toan DFT
v6i N rat 16n. Dé giai quyét van dé nay, nguoi ta sit dung STFT (Short Time
Fourier Transform). Trong do, tin hi¢u vo1 do dai tuy y dugc chia thanh cac
khéi goi 1a frame va DFT ap dung cho timg frame. Frame dugc hinh thanh
bang cach nhéan tin hiéu géc voi ham cira s6. Thong thuong d6 dai frame
khoang 10 dén 20 ms dugc str dung vao phan tich khong gian.

Sau day 1a mot s dic trung suy dién tir phd tin hiéu.
2.3.2. Bandwidth

Bing thong chi ra dai tin sb cua am thanh. Tin hiéu nhac thuong co

bang thong cao hon tin hiéu tiéng néi. Cach tinh bang thong don gian nhat 1a
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1y chénh léch tan s giita tan s6 cao nhat v&i tan sb thap nhit cua cac thanh
phan phd khac khong. Trong mot sd trudng hop, “nonzero” duge xac dinh
khoang 3 dB trén muc cam.

2.3.3. Phan bé niing lwong

Ttr pho tin hiéu, ching ta d& dang nhan thay phan bb tin hiéu theo cac
thanh phan tan sd. Thi du, chung ta co thé qua sat thiy n6 néu tin hiéu co
thanh phan tan sb cao dang ké. Thong tin ndy c6 ich cho phan 16p audio béi vi
am nhac thuong c6 cac thanh phan tan s6 cao hon tiéng noi.

Viéc tinh toan ning luong dai tan sd cao va tin sb thap 1a can thiét.
Thuc su, khai niém “low”, “high” phu thudc vao ing dung. Thi du tan sb tin
hiéu tiéng noi it khi vuot qua 7 kHz. Do vay, ta c6 thé chia toan bd phé doc
theo dudng ngang 7 kHz: ntra dudi thudc tan s6 thap va nira trén thude tin sb
cao. Téng niang luong cho mdi bang duoc tinh bang tong nang lugng mdi mau
trong bang.

Mot dic trung quan trong suy dién tir phan bd ning luong 13 trong tam
phé (centroid). N6 1 diém giita cua phan bd ning luong phd tin hiéu. Tiéng
néi cd trong tim thap so véi am nhac. Trong tdm con dugc goi 1a do choi
(brightness).

2.3.4. Piéu hoa (Harmonicity)

Dic trung tht hai trong mién tin sd cta 4m thanh 13 diéu hoa. Trong
am thanh diéu hoa, cac thanh phan phd 1a sb 1an nguyén cta tan sb thap nhat
va tan sb thuong xuyén cao nhat. Tan sé thap nhat dugc goi 1a tan sé co ban.
Am nhac thuong diéu hoa hon Am thanh khéac. Dé xac dinh dugc 4m thanh c¢6
diéu hoa hay khong hay kiém tra xem tan s6 ctia cac thanh phan troi 1a s6 1an
tan s6 co ban hay khong.

Thi du, phd 4m thanh ndt G4 cua tiéng séo c6 ddy tan s cao do (pitch)
nhu sau:

400 Hz, 800 Hz, 1200 Hz, 1600 Hz...

Ta c6 thé viét ddy trén nhusau:
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f, 2f, 3f, 41...
trong d6, =400 Hz 14 tan s co ban ctia 4m thanh. Cac thanh phan c6 tan sé nf
duogc goi 1a diéu hoa cta ndt nhac. [1]

2.3.5. Cao @6 (Pitch)

bac trung tht ba cua mién tan sb 1a cao d0. Thudc tinh cam nhén céc
tan s6 Am thanh con dugc goi 13 pitch. Tan sb cang cao thi pitch cang cao va
budc song cang ngan. Co thé xép hang am thanh theo mirc do cao do. Cao do
1a dic trung chu quan, ndé quan hé nhung khong twong duong véi tan sd co
ban. Tuy nhién, trong thuc té ching ta st dung cac tan sd co ban dé xap xi cao
do.

2.3.6. Anh pho (Spectrogram)

Biéu dién 4m luong - thoi gian va phd 14 hai biéu dién tin hiéu don gian
nhat. Han ché cua biéu dién 4m luong - thoi gian 1a khong chi ra cac thanh
phan tan s6 cua tin hiéu va pho, khong chi ra khi nao cac thanh phan tan so
khac nhau xuét hién. Dé giai quyét van dé nay, biéu dién t6 hop hay con goi 1a
anh phd duogc sir dung. Anh phd cua tin hiéu chi ra quan hé giita ba bién: noi
dung tan s, thoi gian va cudng d6. Trong anh pho, ndi dung tan sé dugc biéu
dién theo cac truc tung, thoi gian theo truc hoanh. Cuong do (intensity,
power) ctia cic thanh phan tin s khac nhau cua tin hiéu dugc chi ra bang do
xam, cudng d6 16n hon biéu dién boi mic do xam cao hon. [2]

Hinh 2.3 chi ra anh pho cia tin hiéu 4m thanh tir hinh 2.2. Anh phd mé
ta rd rang cac quan hé giira thoi gian, tan sb va bién do.

Ta c6 thé xac dinh tinh xuat hién déu ctia mot vai thanh phr:in tan sb tur

anh pho tin hiéu anh phd 4m nhac déu hon.
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Hinh 2.3: Anh phé ciia tin hiéu ém thanh

2.3.7. Cac dac trung chu quan

Trir cao d6 (pitch), moi dic trung mo ta trén co thé do truc tiép trong
mién thoi gian hay mién tin sb. Con nhiing dic trung khac 13 c6 tinh chu
quan, thi du 4m sic (timbre).

Am sic lién quan dén chét lwong &m thanh. Pic trung ndy chua ¢ dinh
nghia va su hiéu biét rd rang. N6 chira dung moi chat lwong am thanh khac
v6i pitch (cao d6), loudness (Am lugng) va duration (d6 dai). Cac thanh phan
quan trong ctia 4m sic bao gdm hinh bao bién d6, diéu hoa va hinh bao phd.

2.4. Pac trung Am thanh MFCC
2.4.1. Cac bwée tinh MFCC

MFCC (Mel Frequency Cepstral Coefficients) 1a cac hé s6 biéu dién
phd cuia phd (spectrum-of-a-spectrum) cta doan am thanh.

Céc hé sb ceptral c(k) 1a cach thudn tién cho viéc mo hinh hoa phan bd
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nang luong phé [2]
c(k)= IDFT {log|DFT {x(n)}}

Céc hé sb ceptral duoc tinh toan cho mdi khoang thoi gian ngan cua tin
hiéu am thanh.

Heé s6 ceptral duoc sir dung trong MMDBMS (tim kiém am thanh) va
trong nhan dang tiéng noi

2.4.2. Pac trung am thanh MFCC

Mot cdp am thanh cam nhan c6 dd cao nhu nhau néu gia tri mel cia
chung nhu nhau.

Mel-scale: Xép xi tuyén tinh dudi 1 kHz, va loga trén 1 kHz.

3500 . - "

mels
11

I I 1
0 2000 4000 6000 5000 1e+04
hertz

Hinh 2.4: Dac trung dm thanh MFCC

Hé sd ceptral duoc st dung trong MMDBMS (tim kiém 4m thanh) va

trong nhan dang tiéng noi.

2.4.3. Phwong phap phéan tich MFCC
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a. Qua trinh lgc theo thang Mel Cepstral
MFCC gbm cac budc chinh sau:
1. Phén khung tin hiéu
2. Cira s6 hoa
3. Chuyén d6i sang mién tan sb
4. Chuyén d6i sang thang Mel

5. Thuc hién bién d61 Cosine roi rac.

*[HHHME[ED*

Saah) Sovp pel 1) S 1) Py

Hinh 2.5: Quy trinh bién déi MFCC

Quan sat qua trinh trén ta thay, am thanh dugc chia thanh nhiing
khung c6 do dai c6 dinh. Muc dich 1a dé 1dy mau nhitng doan tin hiéu nho
(theo 1y thuyét 1a 6n dinh). Ham cira so bo di nhiing hiéu Gng phu va
vector dic trung cepstral dugc thyc hién trén moi khung cira s6. Bién doi
Fourier rdi rac ctia mdi khung duoc tinh toan va ldy logarithm bién do pho.
Thong tin vé pha bi bo qua do bién do phd 1a quan trong hon pha. Thuc
hién lay logarithm bién d6 pho do am luong ciia tin hiéu 1a x4p xi logarith.
Tiép theo bién ddi pho theo thang Mel. Tir két qua nay, trong vector Mel —
spectral cua cac thanh phﬁn tuong quan cao, budc cudi cung la thyc hién
bién d6i cosine roi rac dé tong hop vector phd Mel dé twong quan lai cac
thanh phan nay [2]. Mdi phan nay dugc trinh bay chi tiét trong cac phan
sau.

b. LAy miu

Trong viéc lay mau dir li¢u, ching ta xem xét dén tin hi€éu am thanh
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d3 dugc sb hoa bang viée roi rac hoa cac gia tri trén nhitng khoang déu
nhau vi vy can phai chic chan rang téc do 1dy mau 1a da 16n dé mo ta tin
hiéu dang song. Tan s6 14y mau nén it nhat gip doi tan sé dang séng nhu
trong dinh 1y cua Nyquist. Toc d6 1dy mAu phd bién 1a 8000, 11025,
22050, 44000. Thong thuong sir dung tan sd trén 10kHz

C. Phan khung tin hi¢u

Phan khung 13 qua trinh chia mau tin hiéu thanh mot s6 khung chong
1ap 1én nhau hoic khong. Muc dich ciia phan khung 1a dé 1ay mau cac doan
tinh hiéu nho (theo 1y thuyét 14 on dinh). Van dé 1a ban chat ciia Am thanh
la khdng
6n dinh. Vi vay, bién ddi Fourier s& thé hién tan sd xay ra trén toan mién thoi
gian thay vi thoi gian cu thé. Béi thé khi tin hiéu 1a khong 6n dinh, tin hiéu do
nén dugc chia nho thanh cac ctra so roi rac nhd d6 mdi tin hidu trong mot ctra
sO trd nén tinh va phép bién doi Fourier ¢6 thé thuc hién trén mdi khung. Qua

trinh phan khung duoc thé hién trong hinh sau:

Hinh 2.6: Phdn khung tin hiéu

Trong khéi nay tin hiéu hiéu chinh §(n) duoc phan thanh cac khung, mdi

khung c6 N mau, hai khung ké 1éch nhau M mau. Khung dau tién chira N

mau, khung thir hai bat dau cham hon khung thir nhat M mau va chong lén

khung thtr nhat N-M mau. Twong tu, khung thir ba cham hon khung thtr nhat

2M méu (chdm hon khung thir hai M mau) va chom 1én khung tht nhat N-2M

mau. Qua trinh nay tiép tuc cho dén khi tat ca cac mau tiéng noi can phan tich
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thudc vé mot hodc nhiéu khung.

d. LAy cira so tin hiéu

Budc tiép theo 1 14y cira s6 cho mdi khung riéng ré nham giam sy gian
doan cua tin hiéu tiéng néi tai dau va cudi mdi khung. Néu

w(n), 0< n < N — 1, sau khi 13y cira s6 duoc:

X, (K)=x,(k)w(n),0<sn<N-1

Thong thuong, ctra s6 Hamming dugc stir dung, ctra s6 nay c6 dang:

W(n)=0.54-0.46c0s (2=) 0<n < N -1
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Y tudng & day 1a giam bot su méo phd bang viée sir dung cac ctra sd dé
giam tin hiéu vé khong tai diém bat dau va két thic mdi khung.

Su chong lap cac khung dé lam nhin khung dén khung ké tiép. Lay cira
s6 tin hiéu dam bao tit ca céc phﬁn cua tin hiéu dugc khoi phuc va loai tru
duogc khe ho giita cac khung. Viéc nay duoc thuc hién dé khir tinh khong lién
tuc tai duong vién khung cho bién ddi Fourier thuc hién sau d6. Cac khung c6
do dai 16n hon c6 cao do pitch chinh xac hon va nén dir li€u tdt hon nhung
chat luong giam.

e. Bién doi Fourier nhanh

Bién d6i Fourier roi rac (DFT) hodc bién d6i Fourier nhanh (FFT) dugc
thuc hién dé chuyén d6i mdi khung véi N mu tir mién thoi gian sang mién
tan sd. Tin hiéu géc can duoc thuc hién bién ddi Fourier qua bg loc thong dai
dé xu Iy do 1éch tan s6 Mel. Bién doi Fourier chuan khong dugc str dung do
tin hiéu 4m thanh khong xac dinh trén toan mién thoi gian. Thong thuong hay
st dung bién ddi DFT. Hinh sau thé hién tin hiéu trén mién thoi gian va m0 ta
tan so twong Gmg cuano.

Signal Corrupted with Zero-Mean Random Moss
5 T T T T

[u] 10 20 30 40 50
time (milisaconds)
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Fraguency cortant of

Hinh 2.7: Tin hiéu trén mién thoi gian va tan sé twong iing ciia né
f. Chuyén doi sang thang tin s6 Mel

Pé mo ta chinh xac sy tiép nhan tan sd cta hé thong thinh giac, nguoi ta
xay dung mot thang khac — thang Mel.

Viéc chuyén d6i sang mién tan sé6 Mel 1am nhan pho va 1am noi 1én céc
tan s6 cam thu co nghia. Bién d6i Fourier 1én tin hiéu qua bd loc thong dai dé
lam don gian phd ma khong 1am mat di lidu. Piéu nay duoc thuc hién bang
cach tap hop cac thanh phan pho thanh mot dai tan sd. Pho duoc 1am don gian
hoa do str dung mdt dan bo loc dé tach phé) thanh cac kénh. Cac b0 loc duoc
dit cach déu nhau trén thang Mel va ldy logarit trén thang tan sd, cac kénh c6
tan s6 thap 1a khong gian tuyén tinh trong khi cac kénh cé tan so cao 1a khong
gian logarit.

Tai ngudi khong cam nhan su thay do6i tan s6 cua tiéng néi tuyén tinh ma
theo thang mel. Thang tan s6 Mel tuyén tinh & tan s6 dudi 1kHz va logarit &
tan s6 cao hon 1kHz. Ta chon tan s6 1kHz, 40 dB trén ngudng nghe 1000
Mel. Do d6 cong thiic gan dung biéu dién quan hé tan s ¢ thang mel va thang

tuyén tinh nhusau:
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_ f
mel(f) = 2595 *log,o(1 + 700)

Mot phuong phap dé chuyén d6i sang thang Mel 1a str dung bang loc.
Khoang cach cua bang loc dugce dinh nghia boi mot hing sb tan sé mel theo
thoi gian. Bién d6i phd S(w) bao gdm dau ra cua bo loc khi S(w) 1a dau vao.
Bing loc nay dugc 4p dung trong mién tan sd, nd c6 thé xem nhu cac diém
thu duogc cta bd loc chinh. (Hinh 2.8). V61 cac khung nhé tdt nhat 1a st dung
cac bg loc dang tam giac hodc tham chi hinh chit nhat vi d0 phan giai 1a qua

thap trong mién tan so thap.

+:— l — A i N
| /\ . A 'y @ 2
Time domain signal Spectrum i . vi @ S[]]
S aue O S | B SRR Y
] N ) ; |
n=01..N-1 k=01 N-1 | | | |
r| ff — @ S[M-1]
: L f

& Mel-spaced hltEyA&
Z T T T / T

' o
o
2000 7000

3000 4000 5000

Frequency (Hz)

o 1000 2000

Hinh 2.8: Bang loc khodng cdch theo tan so mel
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Mbi bo loc trong bang loc dugc nhan véi phé tin hi€u vi vay chi c6 mdt
gia tri don ctia cudng do trén bo loc dugc tra lai. Pidu ndy cd thé dat dugc qua
cac tinh toan ctia ma tran don. Két qua 1a tong cua bién do trong dai loc va vi
vay lam giam do chinh xéac téi murc tai ctia con nguoi. Hinh 2.9 cho thay két

qua nay. Truc hoanh mo ta chi s6 cua bo loc va theo thang mel

Mel-spactrum
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I T I I I I I
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Hinh 2.9: Phé sau khi loc theo thang Mel

Qua trinh chuyén d6i sang thang tan s6 mel dugc thuc hién theo ba budc

Sau.
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1. C6 dinh ving gia tri dudi mdi bd loc va doi khi dua thang vé 1. Dat M =
s6 bang loc yéu cau

2. Phan bd déu trén thang tan s Mel
3. Chuyén ddi tir Hz sang oi' s trén thang tuyén tinh. Mdi quan hé giita mel
va frq dugc cho boi cong thic: m=In(1+£/700)*1000/In(1+1000/700)
h. Bién d6i Cosin roi rac

O budc cudi cung nay, sir dung bién ddi cosin roi rac dé 1am twong quan
cudng do phd logarit mel véi hé sd tan s6 mel MFCC. Cepstrum 1a bién d6i
nguoc cta tin hiéu theo log bién dd. Vi ngudn phd 1a can xtimg nén thay bién
d6i Fourier nguoc thanh bién doi cosin rdi rac (DCT) . Thém vao d6, DCT ¢o
kha ning twong quan cao hon va hé sd cepstral chit ché hon. Hinh dudimd ta
vector Mel-spectral véi cac thanh phan twong quan cao tuong quan lai thanh

hé sb tan sd Mel 13

) L L L L L 150

Hinh 2.10: vector Mel-spectral véi cdc thanh phdn twong quan cao twong

quan lai thanh hé s6 tan sé Mel 13

Sy rdi rac tinh hiéu x(n) dugc dinh nghia trong biéu thirc
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y(k) vv(k)ix(n) cosz(2n-1)(k -1).k 1. N
= n- 2N

VN, 4

v2IN
2 k N <

Vai: wk)=

Thuc hién DCT, thu dugc tan sé Mel Cepstrum (Hinh 2.11) Co thé xem
nhu hé sb tht 0: Co duoce loai tru. Ly do la n6 dai dién cho cac gia tri cua tin
hiéu vao mang it thong tin. Beth Logan da noi rang hé s cepstral thir 0 chi

chtra thong tin vénang luong.
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Hinh 2.11: Mel Cepstrum
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Quan sat hinh trén chung ta c6 thé thdy duoc do suy giam bién d6 & cac

tan sO cao hon.

2.5 Phan lop am thanh
2.5.1 Giéi thi¢u vé phan 16p 4m thanh

Viéc phan am thanh thanh céc 16p cu thé c¢6 y nghia rat quan trong. Do
v&i moi 16p am thanh khac nhau c6 cac gia tri dac trung khac nhau (vi du, 16p
giong nod1 ¢o gia tri dac trung ZR 16n hon so v&i am nhac). Céac gié tri dac
trung khac nhau ctia mdi 16p am thanh ctia mdi 16p 4m thanh s& giup cho viéc
chi muc va tim kiém céc loai 4m thanh khac nhau dugc thuin tién va nhanh
chong hon. Mat khac, viéc phan 16p am thanh khac nhau c6 ¥ nghia tuong
ung voi mdi ung dung trén thuc té khac nhau (vi dy, tng dung trong linh vuc
nhan dang giong noi, chuyén giong néi thanh vin ban... tir 16p 4m thanh 1a
giong nodi, hoic nguoi ta ¢ thé dua vao giai diéu dé tim bai hat twong tng tir
16p am thanh 1a &m nhac). Tém lai, viéc phan 16p am thanh c6 cac y nghia sau
day:

1. Cac 16p am thanh khac nhau doi hoi cac tién trinh xt Iy va cac k¥
thuat truy tim, chi muc khéac nhau.

2. Cac 10p am thanh khéac nhau c¢6 ¥ nghia ddi v6i cac tmg dung khac

nhau.

3. Viéc phan 16p am thanh rat hiru ich doi vdi mot sb Gmg dung.
4. Khong gian tim kiém sau khi phéan 16p s& giam dang ké, phuc vu cho

viéc phan thanh cic 16p am thanh riéng biét hon hodc dé xur 1y, truy tim am
thanh.
Ngay nay, mot sé phuwong phap phan 16p 4m nhac, giong néi va cac am
thanh khac dugc dé xuat nhu: Saunders sir dung phuong phap toc do vuot 0
(ZCR) trung binh va ning luong thoi gian ngan (Short Time Energy) lam céc
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dic trung, va ap dung mot phuong phap gidi han don gian dé phan biét giong
n6i va am nhac tir dai phat thanh. Scheirer va cac dong nghiép thi str dung
mudi ba dic trung dong thoi dé phan 16p am thanh. Kimber dua ra mot cach
tiép can vé viéc phan doan &m thanh, phan 16n dugc tng dung trong viéc phan
doan dm thanh trong ban ghi &m cac hdi nghi. Zang phan cac 16p am thanh
bang phuong phép di truyén thanh hai giai doan. Giai doan dau, cac tin hiéu
am thanh dugc phan doan va phan thanh cac 16p tho 1a giong ndi, &m nhac,
bai hat, giong nodi kém nhac nén, tiéng dong ctiia moi truong kém véi nhac
nén, sau loai tiéng dong ctia mdi trudng va tinh ling (Am cam). Trong giai
doan hai, su phén 16p duoc ndng ¢ mirc cao hon va dugc dua vao tung loai co
ban. Giong n6i duoc phan loai bang giong cuia ngudi nam, nit va tré em. Am
nhac dugc phan 16p thanh céac 16p nhu loai nhac blue, nhac jazz, nhac rock &
roll, nhac kém 10i va nhac khong 101, tiy theo cac loai hodc cac nhac cu. Am
thanh mdi truong duge phan 16p thanh cac 16p theo ngit nghia vi du nhu tiéng
v tay, tiéng chudng kéu, tiéng budc chan, tiéng gié bio, tiéng cuoi, tiéng
chim hét...Theo Lu, mot phuong phap phan 16p 4m thanh gom hai giai doan
tho dé phan 16p am thanh thanh giong ndi, &m nhac, tiéng dong cua moi
trrong va tinh lang. Con Xi Shao, Changsheng Xu va Mohan S Kankanhalli
dua ra phuong phap phan 16p am thanh tu dong bang cach: ban dau, trich
chon cac dac trung tir ng1 dung am thanh va xay dung ra cac vecto dac trung,
sau d6, ung dung mang noron dé tién hanh phan 16p am thanh, va st dung
giai thuat di truyén véi giai thuat BP dong thoi dé huan luyén mang. [4]

2.5.2. Pic diém chinh ciia phan 16p 4m thanh

Ban dau ngudi ta phan 16p 4m thanh thanh ba 16p thd co ban 1a tiéng
néi, 4m nhac va nhiéu. Vi giong ndi va 4m nhac 13 mbi quan tam chu yéu cua
ngudi dung nén da sb tmg dung hién nay déu tip trung vao nghién ctru va
phat trién dya trén hai 16p co ban ndy. Sau ddy xin trinh bay dic trung khac
biét chinh ctia 16p am nhac va 16p giong noi theo nghién ctru cua Leung:
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Dic trung Giong noi Am nhac
Bang thong 0-10kHz 0-20 kHz
Trong tim pho thap Cao

Ty 1€ cam Cao thap

Toc do vugt 0 bién doi nhicu bién doi it
Tiéng gd déu Khdng Thuong 1a ¢

2.5.3. K¥ thuat phan l6p am thanh

Viéc phan 16p am thanh dya trén co so¢ tinh toan céac gia tri dac  trung.
Ta xem xét mot s6 cach phan 16p 4am thanh nhu sau:

a. Phan l6p am thanh theo tirng buéc

La phuong phap phan l6p am thanh theo tung budc loc dua vao phan
bi¢t ddc trung ciia am thanh, tir d6 xac dinh 16p cuia am thanh do. Mbi dic
trung duoc st dung mot cach riéng biét trong cac budc phan 16p khac nhau.
Thir ty trong mdi dic trung khac nhau duoc str dung dé phan 16p 1a rt quan
trong, ching thuong dugc quyét dinh dua trén do phtrc tap tinh todn va cac
kha ning khac nhau cuia mdi dic trung.

Trinh tu phan 16p am thanh theo tirng budc duoc xac dinh nhu sau: [4]

Budc 1. Tinh trong tam (centroid) cua cadc doan am thanh (Loc am
nhac va giong ndi hoac nhac s6 10)
Giong noi va nhac so 16 c6 trong tam thép hon so v6i am nhac. Vay,
néu dir liéu am thanh nhdp vao c6 trong tdm cao thi do6 la 16p am nhac.
Nguoc lai, n6 1a giong nodi hoac nhac so 10.

Budc 2. Tinh ty 1é cam (SR)

(Loc am nhac v&i giong néi va nhac so 10)
Giong n6i va nhac s6 16 ¢6 ty 1& cAm thap hon so voi 4m nhac. Vay, néu
d 1li€u am thanh nhép vao cé ty 1€ cam cao thi do 1a 16p am nhac. Nguoc lai,
no 1a giong nd1 hoac hat so 16.
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Budc 3. Tinh ty 1¢ vuot qua 0 trung binh (ZCR) (Loc giong ndi va
nhac s6 10)
Trong qua trinh phat 4m, ZCR cia giong ndi ¢6 muc bién doi 16n hon
nhiéu so véi am nhac. Nhu vay, néu gia tri bién d6i ZCR cao thi né 1a giong

no6i, nguoc lai 1a nhac so6 16.

Dit liéu am thanh vao

A Am nhac
Trong tAm cao? :

Giong no6i hoac am nhac

Am nhac

Giong ndi hodc solo

Bién d6i ZCR cao?

Nhac solo

Dbing

Giong noi

Hinh 2.12: Phdn lop am thanh theo tung buoc
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b. Phin lop am thanh theo vecto dic trung

Phan 16p am thanh theo vecto dac trung la trich ra nhitng ndi dung am

thanh dic trung theo cam quan dé x4y dung vecto dic trung. Theo phuong

phap phan 16p nay, mot tdp cac dic trung dugc sit dung dong thoi nhu mot
vecto dé tinh toan chit ché dau vao cua tap huin luyén.

Pé phan 16p cac am thanh khac nhau, véi mdi tin hiéu 4m thanh, ta
dung 17 tham s dé xay dung vecto dic trung, bao gom:

+¢+ Gi& tri trung binh cua &m lugng (average of the loudness).

< Do bién thién &m luong (variance of the loudness).

+¢ Gia tri trung binh cua cao d¢ (average of the pitch).

< Do bién thién cao do (variance of the pitch).

++ Gia tri trung binh cua dd trong (average of the brightness).

< Do bién thién do trong (variance of the brightness).

+* Gia tri trung binh ctia bang thong (average of the bandwidth).

< Do bién thién bang thong (variance of the bandwidth).

¢ Pao ham trung binh cua am luong (average derivatives of the

loudness).
< Do bién thién dao ham am luong (variance of the derivatives of the

loudness).

s*Dao ham trung binh cua cao dd (average derivatives of the
pitch).

%P0 bién thién dao ham cua cao do (variance of the derivatives of
the pitch).

*DPao ham trung binh cia do trong (average derivatives of the
brightness).

D0 bicn thi€n dao ham cia do trong (variance of the derivatives of
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the brightness).
*» Pao ham trung binh ctia bang thong (average derivatives of the
bandwidth).
<D0 bién thién dao ham cua biang théng (variance of the derivatives
of the bandwidth).
Ty 1é cAm cua cac khung ning luong thip (the radio of low energy
frames).
2.6. Mot so k§ thuat phan cum dir liéu
Y tudng chinh 1a sip xép d6i tugng/vécto dic trung twong tu vao
cung nhom/cum va viéce tim kiém chi thuc hién trong cac cum lién
quan
Moi cum duoc biéu dién bdi trong tim cua cac vécto dic trung trong
cum
Trong khi truy van, ta tinh toan do twong tu gitta cdu truy van va timg
cum (dai dién bdi vécto dac trung)
Cum nao c6 mirc do twong tu 16n hon ngudng cho trudce 1a duge chon
Tiép theo d6i sanh vécto cau truy van voi timg vécto dic trung trong

cum va k doi tugng gan nhat 13 két qua.

Phéan nay dé cap dén hai k¥ thuat phan 16p dir liéu pho bién 13 k¥ thuat phan cum
Kmean va ky thuat phan 16p dung giai thuat thoi gian dong DTW.

K¥ thuat phan cum Kmean 1a mét trong nhitng k§ thuat phan cum phd
bién va thanh cong nhat c6 sir dung hé s6 cepstral. Nhimng nghién ciru vé sy
cam thy cho thiy day 1a phuong thirc bién d6i t6t dé 14y mau cac hé sb va no
1a qu4 trinh twong d6i hiéu qua. Phuong thirc nay gdm 3 tham sb: t, k, n v&i n
1a s6 d6i tugng, k 1a s6 cum va t 13 s6 1an lap, véi k, k<<n.

Thuat toan DTW duogc ing dung dé giai quyét viéc so sanh giita hai mau
tin hiéu c6 d6 dai khac nhau theo thoi gian. Nhu ta biét, két qua cua qua trinh
phan tich tinh hiéu theo phwong phdp mad hoa du bao tuyén tinh (Linear

Predictive Coding LPC) hay bing loc (Filter Bank) bao gio ciing cho ta két
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qua dang chudi cac vécto dic trung. P9 dai ciia chudi véc to nay phu thudc
vao do dai cta cta hai tin hi¢u ma ta phan tich. Nhu vy, qua trinh so sanh hai
tin hiéu s& twong ung voi qua trinh so sanh 2 chudi véc to dic trung cta hai
tin hiéu. Thuat toan DTW s& thuc hién viéc so sanh 2 chudi véc to ndy theo
mot sd luét sao cho téng do léch giira hai chudi 1a nho nhat tuong ng voi
duodng di giita cac cip véc to cua hai chudi 1a tdi wu nhat. Viéc chon lya luat
chon duong di va giéi han bién cta céc dudng di sé cho ta két qua tinh toén 1a
nho nhat va hiéu qua nhat.
2.6.1. Tong quan vé phian cum

Céc k¥ thuat phan cum phan 16p dit liéu thanh hai hodc nhiéu hon céc

nhom dua vao sy két hop nhiéu nhan t6. Muc dich ctia qua trinh phan cum 13

nhom dir li€u tuong tw nhau vao mot nhom, trong khi dir li¢u trong cac nhom

1a khac nhau. Piéu nay duoc minh hoa trong hinh sau

Hinh 2.13: Minh hoa cho ky thudt phédn cum. Phdn [6p cdc quad bong thanh
cac nhom cé cung mau

Tir hinh trén, chung ta c6 thé thdy rang viéc phan cum 1a dé nhom dir
liéu hodc chia dir lidu 16n thanh cac phan dit liéu nho hon c6 mot sé diém
tuong tynhau.

Phuong phap phan cum lam viéc khac voi1 cac phuong phép phan loai
hodc thuat toan phan 16p dang cdy. Khong c6 do wu tién vé 16p, ca vé sd
luong cum hoic céc luat dé chi dinh thanh cac cum. Phép phan cum cho phép
c¢6 nhiéu cach gop nhom.

Thong thuong, phép phan cum c6 thé chia thanh cac k§ thuat phan cum

co thir bac va céc ky thuat phan cum khong c6 thar bac. Vi du vé ky thuat phan
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cum c6 tht bac 1a két ndi don, két ndi hoan toan, két ndi trung binh, gitra,
phan khu. Két ndi khong cé th bac gdbm K-mean, K-mean thich tng, K-
medoid, phan cum mo. Phép phan cum K-mean don chiu anh huong cua ky
thuat phan cum khong c6 thtr bac, chung ta s& tim hiéu k¥ vé van dé nay.

2.6.2. Ky thuit phan cum khong phan cap

Phan cum khong phan cdp gdm mét diy don diéu ting vé cuong do tirc
la tang s6 cum dé trd thanh vién ciia cac cum 16n hon. Cac cum mdi ¢6 dang
lién tuc hoac roi rac.

Partitioning 1a mgt phuong phap nhu vay. K¥ thuat nay cho phép nhom
d6i twong lai thong qua qua trinh hinh thanh cum. Gia st rang chung ta can
6 k cum va qua trinh phan chia dbi twong thu dugc k cum yéu cau.

Qua trinh phan cum bat dau bang mot giai phap ban dau, sau d6 phan bd
lai theo mot s tiéu chi toi wu. Phuong thitc phan cum xay dung k cum tir
nhiing dir li¢u sau:

e MaJdi cum ton tai it nhat mot d6i tuong n va mdi dbi tuong k phai
thuéc mot cum nao do. Piéu kién: k<n

e Cac cum khac nhau khéng c6 cung mot di twong va xay dung cac
cum trén toan bo dir liéu da thiét 1ap.

Cum thtr k ¢6 thé do nguoi dung quy dinh hodc ty dong tao ra dé chon k
t6t nht.

2.6.3. Phwong phap phan cum K-means

K-mean 1a mdt phuong phap phan cum. Phuong phép nay quan sat k
cum trong dir li€u, va tra lai vector chi s6 cua k cum d3 quan sat.

K-mean quan sat trong dir liéu va tim cach phan ving dir liéu sao cho dir
liu trong mot cum cang gan nhau cang tot va so v6i dir liéu trong cac cum
khac phai cang xa cang tot. M&i cum duoc xac dinh boi cac thanh phan cia
n6 va boi thanh phan trung tdm ctia né. Thanh phan trung tim cua mdi cum 13

thanh phan ma c6 tong khoang cach tir cac dbi tuong trong cum dén né 1a nhod
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nhat. Cum trung tdm duoc tinh toan khéac nhau véi mdi thude do khoang cach,
dé tong khoang cach 1a nho nhét véi mdi tiéu chuan danh gia.

2.6.4. K-means diy di

Pé thuc hién phuong thirc K-mean dﬁy du ta st dung moét thuat toan 1ap
dé tinh tong khoang cach tir mdi dbi tugng téi cum trung tdm 1a nho nhat trén
toan bd cum. Thuat toan nay di chuyén cac d6i tuong giita cac cum cho tdi
khi tong khoang cach khong thé giam hon dugc nita. Két qua 1a tao dugc céc
cum c6 khoang cach di nho va c6 do phan cach hop ly. B nhé cua dit liéu co
thé duoc chi ra bang viéc thay d6i cac tham sb dau vao gidng véi sd luong
cum trung tam va sd lan lip.

Y tudng chinh & day la tim cach xac dinh cum trung tam k tir mdi cym.
Nén lya chon diém trung tam vi cac vi tri khac nhau cho cac két qua khac
nhau. Trong diéu kién 1y tuong chiing phai cach xa cac diém khac ti da kha
nang c6 thé. Mbi diém trong dit liéu dugc gin voi diém trung tim gan nhat.
Diém trung tam thr k mai s€ duge tinh toan lai tu két qua phan cum cuabudc
trude va qua trinh nhom céac diém dit liéu v6i cac diém trung tAm gan nhit s&
duogc thue hién lip di lip lai va diéu do sé& tiép tuc cho t6i khi xac dinh dugc
diém trung tam chinh.

Phuong phap phan cum K-mean tim nhém c6 kich thuéc nho nhat trong
tong binh phuong cac cum, ching ta st dung thuat toan sai s6 binh phuong dé
tinh binh phuong khoang cach Euclidean.

Thuat toan Kmean thuc hién theo cac budc sau:
1. Pat K diém vao ving phan cum cac d6i twong. Cac diém nay md ta
nhém trung tAm déu tién.
2. Gan mdi ddi twong vao mot nhom co diém trung tam gan nhat.
3. Khi tit ca cac ddi tuong da dugc dua vao cac nhém, tinh toan lai vi tri
ctia K diém trung tam.
4. Thyc hién l3p lai bude 2 va 3 cho téi khi bo di dugc cac diém trung tam
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& xa. Diéu nay gitp phan cach cac dbi twong thanh cac nhém co kich
thudc nho nhét cothé.

Thu tuc 1ap s& ludn két thuc khi diém trung tdm khong thay d6i. Tuy
nhién, can luu ¥ rang cac thuat toan khong nhét thiét phai dua ra nhiing két
qua toi vu. Hinh 2.14 m6 ta cac budc di néu trén. Mdi bude dudi diy twong
g véi trinh tu cta biéu do.

e Chon sd lugng cum k. Vi duk=5
e Tao ra ngau nhién vi tri trung tAm cum

e Tai mdi Centre tim diém trung tdm cta chinh n6

e Va thuc hién budcnhay

= fauton’s Graphics Bl ] = Futons froghiss zE]

o az X 0 e 1 o 0.2 0.4 0.6 0.8 1

Thuc hién lap lai cho t6i khi két thuc

Hinh 2.14: Thu tuc K-mean
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Hinh trén minh hoa phuong thirc phan cum K. Chu ¥ rang nhing dit liéu

tuong tu dugc nhom cung nhau.

Bit dau Két thic

Hinh 2.15: Phuwong phap phdan cum K-mean

2.6.5. Ky thuit phan l6p dung thoi gian dong DTW
v

Xe A <A A \ ] ’ A N e \ J X

Cho chuo6i am tiét dau vaow =~ w,w,,..w, ¢6 do dai L va c6 chuoi

vector dic tinh X 4% ,x,,..%; -, nhiém vu ctiia hé thong la phai nhan dang xem

chuoi am dau vao la cac ky ty gi va trong qua trinh xur ly can phai giam thiéu

to1 da cac sai sO quyét dinh. Moi tin hiéu am tiét dau vao W, sé€ dugc so sanh

v61 cac mau Y. Mo1 Y, la chuoi cac vector dac tinh cua tin hi€u am tiét W, .
Nham tang kha nang nhan dang, moi am ti€t c6 mdt tdp hop cadc mau khac

nhau: Y,,,...,Y,y . Qué trinh quyét dinh 4m tiét pht hop voi mot miu dwa theo

nguyén tac sau:
I” =argminmin D(X,Y, ,)
Nhu vy am tiét Wi«1a am tiét pht hop nhat véi miu Y, timduoc.

Khoang cach D(X,Y) gitra dit liéu dau vao va dit liéu mau Y=y;....ys c0
d6 dai thoi gian khac nhau S # T duoc xac dinh bang tong cac khoang céch

cuc bd d, =d(x,y;)trén ca dudng di cua qua trinh bién dang thoi gian.
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Khoang cach tich luy D; D(x,..x;, y;...y ;) dugc xac dinh theo cong thirc

0 1=J=0
=
min Ii_LH, D._.;» D jrdij 1>0, J>0
[0:0)
Kh.c

£}

Va khoang cach tong D(X,Y)=Drs.

Gia st cho hai chudi vec to twong Ung voi mau tin hiéu la

-

-

a=a,a, a,.a Vab = Hb,b,..b, .Chorang tinhi¢u mdu a co chiéu dai
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1én hon mau b tic 13 gia tri (I > J). Thuat toan s€ thuc hién viéc tim duong di
t6i wu cta chudi b theo chudi a (tirc 1a cac vi tri khac nhau giira hai chudi theo

thoi gian) sao cho tong chénh 1éch giira hai chudi vec to 1a nho nhat.

Dé thyuc hién duge diéu nay thuat toan dung ma tran ludi cac diém (hinh

2.16)

Hinh 2.16: Ma trdn ludi cdc diém

Hai chudi véc to s& twong tmg véi hai canh cia ma tran. Gid st , véc to
a theo truc x va véc to b theo truc y. Cac nit cia ma tran tuong Ung voi
khoang cach tinh dugc cua hai chudi véc to tai cac thoi diém thir i cua véc to a
tuong (mg thoi diém thi j cia véc to b tuong tng nut (i,j). Nhu vy, duong di

t6i wru trong ma tran s& ¢6 dang nhu hinh dudi
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(LJ)y

(1.1

L

(0.0 {

Hinh 2.17: Hinh dang dwong di trong ma tran
Viéc xéac dinh dudng di t6i uu trong ma tran luéi dugc thyuc hién sao tong
khoang cach sai léch gilra cac cap véc to cua hai chudi 14 nho nhit. Ky hi¢u,
d(i,j) 12 do chénh léch ctia hai véc to a va b tai thoi diém i va j twong Ung.
Yéu cau cua thudt toan DTW cho hai chudi vec to bat ky 1a cung bat dau tai
cac vi tri (0,0) va két thuc tai vi tri (1,J). Gia trj tai nat (0,0) xac dinh bang 0.
Puong di dugc xac dinh theo cac cap nat  lién tiép  (ik1,ji1) = (ikji) -
Dung ky hiéu ixdé biéu dién chi s6 cua véc to a tai thoi diém k va ji1a chi sd
ctia véc to b tai thoi diém k. Nhu vy tong khoang cach giita hai chudi véc to
la:

D(iy. Ji) = D(ia Jis) Td (0, i)

Viéc tim gia tri min D(i,j) theo cong thirc sau:

- - —+ - -
D (i, J;) =min D(i 1, j 1) d(iy, Ji)

main [nid(im,jm)
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Mot sb bat budc cuia DTW:
- Chi sb cta i phai tang déu tirc 13 : iy - i1 =1
- Chi sb cta j tang theo i v6i diéu kién: jk -jk1 20

Gidi han cua duong di khong thé tuy ¥ dugc vi nhu thé né s& giy ra két
qua sai léch va lam tang khéi luong tinh toan (néu xét trén toan bd ma tran
diém). Vi vdy, can phai gidi han pham vi ctia duong di sao cho viéc tinh toan

giam va do chinh xac cao. Pham vi cho duong di dugc chon nhu hinh dudi:

i (L)

£ F— Ving hop I8
Eifn s
i —_ \
\"‘\\___ — T o

‘\\ — \&'@:
s i i
!5

(0, Oy

Hinh 2.18: Pham vi cho duong di

Luat duong di dugce lya chon theo nhu hinh sau :

LEN

Hinh 2.19: Ludt duong di

Gia st vi tri hién tai dang & thoi diém i1 va diém di tiép 13 ix. Nhu vay
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cac gid tri jk o thé 13 jk, jke1, jre2 trong ing voi cic mili tén trén ma tran.

Két qua:

Két qua dugc so sanh véi phuong phap bién dang khac 1a bién dang
tuyén tinh theo thoi gian hay con goi 1a dong bd theo thoi gian véi thuat toan
bién dang nhusau:

Chi s6 theo thoi gian cua tin hiéu b lién quan dén chi s6 theo thoi gian
cuatin hiéuala:j I va két qua cho nhu trén hinh ¢ trang sau.

o
I
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Trén hinh v& 2.20 thé hién duong dic trung cta am sé 2 (“hai”) c¢6 do
dai khac nhau (a) va (b).

Véi phuong phap bién dang tuyén tinh thi gia tri thoi gian chi s miu b
dugc gidn déu theo chi sb thoi gian ctia mau tin hiéu a. Nhu vdy, hai khoang
thoi gian duoc kéo dan bang nhau song cac gia tri thi van con do sai 1éch 16n
do ty 1¢ bién dang 1 déu ma khong c6 su chon lya theo gia tri hinh (c). Thé
hién viéc kéo gidn tai cac diém co dudng ndi ngang gitra hai tin hiéu.

Con str dung thuat toan DTW ta thay ty 1é bién dang khong dong déu tai
cac thoi diém tuy thudc vao gid tri tich luy tir trude nén hai miu so sanh sé co
d6 chénh 1éch 1a nho nhét hinh (d), cic dudng nbi chéo thé hién sy bién dang

khong tuyén tinh theo thoi gian.

Hinh 2.21: Biéu dién thudt todn bién dang am “hai”
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(a)(b) Hai tin hiéu c6 chiéu dai khdc

nhau.

() Bién dang tuyén tinh theo thoi gian
(d) Bién dang DTW

2.7. M hinh h¢ thong co sé dir liéu 4m thanh
H¢ théng co s¢ du liéu am thanh dugc mo ta nhu hinh dudi day:

Hé théng bao gém 2 pha lam vi¢c: Xay dung co s& du liéu, khai thac
(tim kiém) 4m thanh.

Trong pha xay dung co s& dir ligu, dau vao 1a céc tép am thanh.
Chung dugc trich tron cac dac trung nhu: MFCC, nang lugng trung binh,
khoang ning... Cac tép am thanh va dic trin duoc luu trir dong thoi trong co
sO dir ligu. [2]

Xay dwng CSDL am thanh (offline)

Truy van

| D@lieu am
thanh

CSDL dac

Trich chon dac

v

trwng trwng
Do mwrc d6 tvong tw
Am thanh Trich chon cac Céc dac trung
' truy van dac trung » da dwoc trich

Hinh 2.22: M6 hinh hé thong CSDL dm thanh
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Céc dac trung thong thuong dugc luu trit theo mot cau trac dit liéu
dang cdy nao d6 (vi du: B+, ciy R, ....). Trong cac hé théng thuc nghiém
don gian, cac tép am thanh va dic trung cia ching dugc luu trir trong tép hé
théng cua hé diéu hanh.

Pha tim kiém tép am thanh dugc thuc hién online. Tép am thanh mau
dé tim kiém (t€p am thanh truy Vén) duoc trich tron dac trung. Cac dac trung
nay dugc d6i sanh véi cac dic trung c6 sin trong co so dit liéu. Nhitng tép am
thanh nao trong co s& dit li¢u co ddc trung tuong ty véi dac trung cua tép am
thanh trong cau truy van sé& 1a két qua.

Hé thong str dung d6 do Minkopsky (Euclidean, Mahattan) trong d6i
sanh tuong tu gitra cac dac trung.

Luan vin nay st dung mo hinh trong hinh 2.21 trén day dé xiy dung

chuong trinh thir nghiém. Viéc phat trién dugc mo ta day du trong chuwong 3.
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CHUONG 3: XAY DUNG CHUONG TRINH THU NGHIEM
HE THONG TiM KIEM AM THANH
3.1. Gidi thi€u bai toan thir nghiém
a. Phdt biéu bai todn:

X4y dung hé théng luu trir dit liéu cac giong ndi, bai hat, bai giang. Hé
thong c6 kha nang tim kiém tép 4m thanh theo noi dung.

Dit liéu dau vao: Cac file ca nhac, file ghi 4m trong khudén dang wav
dugc luu trir trong bang co so dir lidu.

Céc k¥ thuat luu trit 4m thanh: ¢ thé luu trir tép am thanh gbc, c6 thé
luu trt cac tén t&p am thanh, loai t¢p am thanh, hodc mo ta céac loai tép do).

Céc k¥ thuat tim kiém am thanh: c6 nhiéu cach, c6 thé tim theo tén,
theo mo ta, ...

Két qua: Cac t¢p am thanh tuong ty vadi tép am thanh & dau vao ciia hé
théng.
b. Lwa chon thudt todn

V&1 muc dich cai dat thuc nghiém mot thuat toan trich chon dac trung
am thanh dé xay dung mot chuong trinh tim kiém am thanh theo noi dung,
hoc vién lya chon phuwong phap trich chon dic trung MFCC vi trong phép bién
d6i str dung dic trung MFCC, tin hiéu &m thanh duoc loc theo thang cam nhan
ctia hé thdng thinh gidc ctia con ngudi- mot hé théng nhan dang Am thanh hoan
hao. MFCC 1am n6i bat cac thanh phan tin hiéu nhay cam véi tai nguoi ciing
nhu cac dot bién theo thoi gian cta tin hiéu, c6 thé gitp phat hién nhing thay
d6i trong giai diéu cua tin hiéu, thé hién su vuot troi khi sir dung dé nhan dang
am thanh theo thoi gian, ddc biét 12 nhan dang tiéng noi.

C. Lwa chon ngon ngit lgp trinh

Hoc vién lya chon stir dung Matlab 1am moi1 truong lap trinh vi Matlab

12 ngon ngit 14p trinh khoa hoc k¥ thuat hd tro rit manh cdc ham tinh toan
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toan hoc va xu ly tin hi¢u s6 nhu ham tinh toan bién d6i Furier, bién ddi
Cosin roi rac (DCT), ...1a cac phép tinh st dung trong phép phan tich MFCC.
Thém vao d6, cong dong nguoi st dung MATLAB ngay cang phat trién nhiéu
module phan mém, ké ca nhitng m6 dun ma nguén mé dé bd sung thém nhidu
chtic nang moi, cling nhu cac Toolbox (bg cong cu) vdi pham vi chiic nang
chuyén dung cho timg chuyén nganh cu thé nhu xir 1y anh, xir Iy 4m thanh, xir

Iy video, tinh toan song song, tinh toan théng ké, md phong cho MATLAB.
3.2. Cai dit thir nghiém hé thong tim kiém 4m thanh

H¢ théng nhan dang am thanh Speaklden duogc hoc vién phat trién
trén nén ngodn ngit lap trinh k¥ thuat Matlab phién ban R2009a, sir dung
mot s6 thu vién ma ngudn méd cia tac gia Roger Jang thudc nhom phat
trién Mirlab va thu vién ma ngudn md Voicebox cta tac gia Mike Brookes,
khoa k¥ thuat dién va dién tir, dai hoc k¥ thuat Hoang gia, London, UK.

3.2.1. M6 hinh hé thong

Co sé dit litu dic tnmg

Giong néi can
nhén dang

g 4 s 2. 8

Bién déi MFCC ¢

Cicthamsd | 2, Al ™ Két qua phit hop nhit

»,

Véc to dac : (Qi{ny) 5 2 4 X
mmg : ‘ Tinh khoang cach Oclit

\

Hinh 3.1 : M6 hinh hé théng nhén dang giong néi
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Hé théng st dung dac trung MFCC dé nhan dang am thanh. O buée
chuan bi, thyc hién trich chon dic trung toan bo cac tép am thanh trong
CSDL am thanh theo phuwong phap MFCC dé thu dugc cac vector dic
trung, tao thanh CSDL dac trung. O budc nhan dang, t¢p am thanh can
nhan dang s& duoc trich chon vector dic trung MFCC r6i d6i sanh voi cac
vector dic trung
trong CSDL dic trung dé tim ra vector dic trung c6 d6 twong dong cao nhat
bang cach st dung d6 do khoang cach Oclit dé so sanh khoang cach giira 2

vector, tir d6 truy luc dugc tép 4m thanh phu hop nhét.

Mo hinh Use case cua h¢ thong nhu sau

Thém vao CSDL

Trich dan KQ

Nguoi dung

3.2.2. Ludng dir liéu trong chwong trinh va cac tham s6 thwe nghiém
3.2.2.1. Chuén bi dir liéu
Dtr liéu am thanh gé)m giong doc cua mdt s6 hoc sinh Truong THPT
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Tran Tat Vian, cac hoc sinh 16p 11B1, 11B2, 11B3, 10C1, 10C2,10C4 va mot
s6 dong nghiép dugc thu am trong thoi gian khoang 30 gidy, tin sd ldy mau
22050 Hz (hé théng cho phép tuy chinh tan s 14y mau), st dung 16 bit ma
hoéa. Dit liéu 4m thanh ciia mdi nguoi duoc tach lam nhiéu phan véi ndi dung
doc hoan toan khac nhau, sau d6 mot phén duoc dua vao trich chon dac trung
dé tao co s& dix lidu dic trung, cac phﬁn con lai dung dé nhan dang.
3.2.2.2. Xay dung co sé dir li€u dic trung

Céac tép am thanh dugc phan khung véi kich thuée mdi khung duoc

tinh toan dong theo tan sb 1ay mau theo cong thic :

samples/frame = pow2(floor(log2(0.03*fs)))

Cac khung duoc ldy chong phu 1én nhau véi d6 pha 1a mot nira khung.
Cac khung dir liéu sau d6 duoc cira s hoa str dung cira s6 Hamming (c6 thé
tiy chinh). Tiép theo, cac khung dit liéu dugc bién d6i sang mién tan so s
dung phép bién doi Fourier nhanh. Sau d6, str dung 20 bing loc mel, 1y 12 hé
$6 Ceptral dé 1am ndi bat cac tan sb cam thu cua tai nguoi. Két qua, thu duoc
12 vector hé s6 MFCC, su dung thuit toan K-means dé tinh toan vector
MFCC trung binh cua 12 vector h¢ s6 MFCC 16i luu vao co so dit liéu dic
trung.

3.2.2.3. Nhian dang am thanh

Té&p am thanh can nhén dang s€ dugc thuc hién trich chon dac trung
theo cac budc nhu trén dé thu duoc vector dic trung MFCC. Sau d6 vector
nay duoc dbi sanh voi cac vector dic trung trong CSDL dic trung bang cach
sir dung ham Oclit dé tinh toan khoang cach giira 2 vector. Két qua sau budc
nay sé thu duoc vector dic trung "gan nhat" véi vector dic trung cua tép Am
thanh can nhan dang, tir d6 s& truy luc dugc tép am thanh phu hop nhét trong
co so dir licu.

3.2.3. Mot s6 chirc ning ciia chwong trinh

Hinh du61 minh hoa giao dién dd hoa dang hop thoai ciia chuong trinh.
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File Edit Debug De 4 .

_ " 4 )

Reading D: .Quy% File dit | File Help ¥
Peading D:'Quye

Peading D:' Quyé (=] -" — Ghi Ihan
Peading D:'QUYE ghoneuts I

- I
Reading D:\Quyé Thiet e tharn 50 Current Signal IfEED
+| 71 Editor - Dy
Peading D:'.Quyé| Cosodu liew D:\Quyénicao hoc'Chueng trinhtVoice Detect_lastiOMCSDL

Peading D:' Quyé _1 (] J
Peading D: Quy-? -E EE 4
Peading D:'.Quyé
Peading D:' Quyg|
fx => Thoi gian (ses) nf

Tan 50 lay mau (Hz) 22050

Left (V)

- X factrung Nap CSDL LuuCsoL

Dang trich chon dac frung. vui long dofl.

w
Right (v)

9= Full Signal e (=) Open a fle o detect Matep

Play Stop
7 Them vao CSDL

g Nhan dang

10
=
18l=
13 - Tirme (sec)
14 ‘

al5{

Tep phu hop:

Play Stop

e [ Thang tin Thoat
i
18 -
19 - end

20 % End initialization code - DO NOT EDIT
21

%set (handles.btn JaveDatabase, 'Visible',0);

24 % --- Executes just before SpeakerIdentification is made visible.

< >

4\ Start| Ready Speakerldentification Ln 1 Col 1 OVR

Hinh 3.2: Giao dién ciia phdn mém SoundFinder

Chikc néing thu am truc tiép:

Cho phép thu &m giong noi ctia nguoi dung, luu lai dudi dang tép .wav.
C6 thé tuy chinh tan s6 14y mau va thoi gian thu Am trén ctra sO giao
dién ctia chuong trinh.

Chirc nang tao maoi co so dir liéu ddc trung:
Tao co s& dir liu dac trung tir cac t¢p am thanh dinh dang .wav trén
may tinh
Chirc nang luu co so dir liéu ddc trung:
Luu co s¢ dir li¢u déc trung dudi dinh dang .mat cua Matlab
Chikc nang tdi co sé div liéu dic trung da c6 sin:

Nap co s¢ dir liu ddc trung c6 san trén may vao bd nhd cua chuong

trinh
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Chirc nang thém mdoi ngwoi néi vao co so dit liéu:

Thém dic trung cia mot tép am thanh méi thu vao co sé dir li€u dac
trung da c6 san.

Chirc nang nhan dang am thanh:
Nhén dang tép 4m thanh trong co s dir liéu c6 do twong ddng cao nhat
v6i cac ddc trung clia tép 4m thanh can nhan dang.

Chikc nang trinh dién tép am thanh
Xuat tin hiéu 4m thanh ra 16i ra 4m thanh analog ctia may tinh.
3.2.4. Két qua thuc nghiém

Dir liéu am thanh gom giong doc ctia mdt sé hoc sinh Truong THPT
Tran Tat Vin, cac hoc sinh 16p 11B1, 11B2, 11B3, 10C1, 10C2,10C4 va mot
s6 dong nghiép dugc thu am trong thoi gian khoang 30 gidy, tan s6 ldy mau

dang chinh xac dat khoang 95%. Voi thu nghiém trén tap dir liéu am thanh
22050 Hz (hé thong cho phép tuy chinh tan so lay mau), sir dung 16 bit ma

héa két qua ty 1é nhan gdm céc bai hat, két qua tim kiém chinh xéc dat hon

90%

Két qua thtr nghiém cho théy, vo1 cac t€p am thanh dugc tach ra tor mot
lan thu &m nhung ndi dung doc khac nhau hi ty 1¢ nhan dang dat duoc kha
cao, ¢ trén 90%. Voi cac tép thu am ¢ thoi diém va méi truong khac nhau,
chua qua loc nhiéu, ty 1€ nhan dang kém hon, dat trén 80%. Két qua tim kiém
cac tép bai hat dat do chinh xdc kém hon so véi tim kiém giong néi do trong
bai hat khéng chi ¢6 giong hét ctia cac ca si ma con ¢d am thanh hoa am phbi
khi, v6i céc bai hat khac nhau nhung c6 hoa am phdi khi tuong dbi giong

nhau, kha ning tim kiém sai la hoan toan dé xay ra
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File Edit Ted Go Cell Tools Debug Parallel Deskiop Window Help

S| & 2 9 o & 2] @ | Current Directory: DA\Quyénicao hoc\Chuong trinhtVoice Detect_last
Shortcuts (2] How to Add (2] What's New

I Editor - DAQuyén\cao hoc\Chuong trinh\Voice Detect lastiSpeakerldentification.m

wOax
al=] IFEL L R T-desf|B-20RRE BB sadese | f HOBFO nx
BB -0 [+ 2 [ x| 0
1 function varargout = Speakerldentificat
2 File Help
3 % Begin initiali - Do NOT B oo R
4- | gui_Singleton = 1;
5- | gui_State = struet(' gui Name', i Thist lap tham so Current Signal Huen |
€ ‘gui_Singleton', gui Singleten, Co 50 du lisu: D:\Quyénicao hoe'Chuong frinhiVoice Detect_lastiTest veicesl
7 ‘gui_OpsningFen', BSpeakerIdentific b
8 ‘gui_OutputFen', @SpeakerIdencifiq | [T8ns0laymau(Hz) 22050 =
. \oni DayeucFen’ . [, =) 9] - % dactrung Map CSOL Luu £SDL
10 ‘gui_Callback',  [1):
11 - | if nargin & isstr (varargin(1}) Thoi gian (s=e) Int % | Hoanthenhtich chon dacrurg|
3= gui_State.gui_Callback = strZfunc iy £
= =nd [
o Full Signal Time (een) Open a file to detect Moten
15 - | if nargout e
ald|= varargout{l:nargout} = gui mainfecn
17 - else Nhan dang
18 - gui_mainfen(gui_State, varargin{:l}|
18- lend
20 % End initialization - DO NOT EDI| S
21
22 4set (hand Time (zec) s
23 [
24 % --- Exscutes just befo
25 function Speakerldentification Opening} » Tz Thoat
28 % This function has no output args, seq
27 handls to figurs
28 d - to be Sion of MATLAB
28 & GUIDATA) v
4 Start Speakerldentification Ln 11 Col 31 [OVR

Trich chon dic trung

4
File Edt Tet Go Cell Took Debug Parsllel Desktop Window Help
I & BB 9 o | & E) | @ | Cunent Directory:

Shortcuts (2] How to Add (2] What's New

\Quyén'icao hoc\Chuong trinkVoice Detect last

I Editor - D:\Quyén\cao hoc\Chuong trinh\Voice Detect lastiSpeakerldentification.m w02 x
NS H| % %@2o S - dhmeh fo | B - B R E R sad Base fx HODBFO ~x
BeB| -0 [+ | =11 [x|«%4|0
-
1 function varargout = Speakerlden 3
N File Help B
3 % Begin initialization cc e e
4- | gui_Singleton = 1;
- , Hun L
5 - | gui_State = struct('gui Nam Thiet Iap tham so Current Signal
€ — cn', gui Singls Coso du lieu Dr\Quyénican hoc\Chuong trinhV/vice Detect_lastiTest voicest
7 'gui_OpeningFen', BSpeakerld =
8 ‘gui OutputFen', @SpeakerId |[T8nsoley mau(Hz) 22050 = > p— )
_ . — 2
5 \qui LagoutFen', [1, 5 Bl Tep am thanh phu hop nhat: e P w
10 ‘gui_Callback',  [1]:
- . = D:4Guyéntcan hoc\Chuong trinh¥Woice Detect_lasthTest voices\20 test].wav
11 - if nargin & isstr(varargin(1}) Thoi gen sec) It
2= gui_State.gui Callback = str £
13- | ena [ _
o Full Signal Time (ee0) D:¥auy&nican hocichuang trinhivaice Detect_lastiTest voices20_test! wav Mo tep
15 - if nargout == =
16 - varargout{l:nargout) = gui_m Them vao CSDL
17 |= else Nhan dang
18 - gui_mainfen(gui_State, varar
12— lend
20 % End initialization - <
ot Ten ghu hop D:\Quyénicao hocichuong trinhoice Dtact_lastiTest voices120_test! wav
. ) Tirne (sec)
= Play Stop
23 [
24 % ates just befo
25 function Speakerldentification O [ fiszie Thoat
26 ction has no output ar
27
28 Sion of MATLAE
28 GUIDATA) v
4\ Start Speakerldentification n 11 Col 31 VR

Nhan dang 4m thanh trong CSDL
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KET LUAN VA PE NGHI

Luan van trén day da gidi thiéu mot sé phuong phép tim kiém am thanh
theo ndi dung, bao gdm tinh hinh nghién ctru va hudng phat trién cta viéc tim
kiém dit liéu Am thanh hién nay, cac khai niém co s& va chon loc mot $6
phuong phép, giai thuat nghién ctu da dugc ching minh Ia hi¢u qua thong
qua cac thi nghiém trong thoi gian gan day.

Viéc tim kiém am thanh theo n6i dung néi chung va nhan dang giong noi
noi riéng 1a mot van dé kho, doi hoi két hop nhiéu phuong phap khac nhau, sir
dung nhiéu bo tham sé dic trung khac nhau. Trong khudn kho luan van méi
chi cai dat thir nghiém hé thong nhan dang giong néi st dung mot dic trung
MFCC, chua két hop thém cac dac trung khac nhu tan sb co ban, formant. ..
Luan van da thuc hién duoc:

- Tim hiéu cé4c dic trung cua &m thanh va tiéng noi.

- Tim hiéu mét sé phuong php trich chon dic trung str dung MFCC, tan s
co ban Fova Formant.

- Dé xuat mot mo hinh cho hé thdng nhan dang tim kiém am thanh. Cai dit
dugc phan mém thir nghiém trén nén Matlab.
Tuy nhién, luan vin van con mot s6 han ché can phat trién thém :
- B0 dir li¢u tht nghiém quénho.
- Chua nghién ctru va cai dat cac k¥ thuat chi muc cho co s¢ dir liéu.

- Chua khao sat danh gia dugc tinh hi¢u qua vé mat thoi gian tim kiém
cling nhu sy anh hudéng cua céc tham s6 nhu do dai t¢p nhan dang, )
luong mau am thanh trong co s¢ dir li¢u am thanh, s6 hé s6 MFCC va sd

bang loc strdung...
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PHU LUC A
So lwge vé MATLAB

MATLAB la ngén ngir 14p trinh khoa hoc k¥ thuét ndi tiéng cua cong ty
MathWorks Inc. Uu diém ndi bat cia MATLAB 1a kha ning tinh toan va biéu
dién do hoa k¥ thuat nhanh chong, da dang va chinh x4c cao. Thu vién ham cua
MATLAB bao gom rat nhiéu chuwong trinh tinh toan con; Cac chuong trinh con
nay gitp ngudi sir dung giai quyét nhiéu loai bai toan khac nhau, dic biét 1a cac
bai toan vé ma tran, s6 phuc, hé phuong trinh tuyén tinh ciing nhu phi tuyén.
MATLAB ciing cho phép xur 1y dit liéu va biéu dién d6 hoa trong khong gian 2D
va 3D véi nhiéu dang dd thi thich hop, gitip ngudi sitr dung co thé trinh bay két

qua tinh toan mot cach truc quan va thuyét phuc hon.

) MATLAB 7.8.0 (R2009a) FEX

File Edt Debug Parallel Desktop Window Help

163 % 29 o | @ 2) | © | Curent Directory: | Di\My Documents|MATLABIVoice Detect_last. v @
Shortcuts 2] Howto Add 2] What's New
Current Directory. * 0 2 x| Command Window + 0 2 x||Workspace “0ax
@ % | « MATLAB » Voice Detect Jast » «| g5~ (@ Newto MATLAB? Watch this Video, see Demos, or read Getting Started. x| | | [ - | stack:
0 name Dete Modified >> x=linespace (0:1:0.01) | Hame CEE bl
e PETTIEED - 227 Undefined function or method 'linespace’' for input arguments of type ' %t <1x201 double> ) 6.2832
% 1x201 double -1 1

& Baocao 212511 9:32PM X SETLe
o 1o i12j14 2:53 PM >> t = 0:pi/100:2%pi;
) KISHTTTL 212511 5:02PM v = sin(e);
& Songs 7H12i14 3:28PM plotit,y)

2f21j11 3:40 AM >> t = 0:pi/100:2%pi;

2023111 2:12 AM v = sin(t);

2/21}11 10:19 AM plot(t,y)

2)17/052:14 PM grid on % Turn on grid lines for this plot

3/4/06 9:00 PM

2j21/11 10:06 PM

5/10/10 3:06 PM

2)17/05 2:33PM

< >

6/11j03 9:19 PM
2j20/11 11:16 P
2/20/11 11:18PM
10/16{02 1:24 P

2/19/11 2:06 AM
8/6/022:19PM
8/6/022:19PM

10/16/02 2:03 P
=) speakeridentification.asv 2/25/11 11:39 AM
) speakerldentification.fig 2{24/11 10:39 AM
# speakerldentiication.m 2/25{11 11:51 AM
™ stop.jng 8j6f022:12PM

2] Thmbs.db 2024/11 11:15 AM

712114 4:54 P
202411 7:17 P10
i8{14 8:54 AM

2/20/11 11:37PM
2119111 3:11 AW o -

77 start COEBD®GCO [ ca ["E chuong 3.decx-Micr... - ) MATLAB 7.8.0 (R200... | o [ BIR %M 9an

Hinh 3.3: Cita s6 giao dién ciia Matlab
Giao dién cuia Matlab gdm 4 cua so giao dién sau:

- Cura s6 Command Window: ctra s6 chinh cia MATLAB, tai day ta thuc hién
toan bd viéc nhdp Iénh va nhan két qua tinh toan. DA4u >> 1a diu doi 1énh, sau
khi nhan 1énh va két thic béng dong tac nhéan phim Enter, MATLAB s¢& xu li
1énh va xuét hién két qua ¢ dong dudi.
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- Command History: tat ca cic lénh da sir dung trong Command Window
duogc luu trit va hién thi tai day. C6 thé thyc hién 1énh cii bang cach nhap dup
chudt vao 1énh do6. Cling co thé cét dan, sao chép, x6a cd nhom 1€nh hodc tung
1énh riéng ré.

- Workspace Browser: 1a mdt vung nhd dong trong vung nhd ctua chuong
trinh ty dong hinh thanh khi MATLAB duoc khoi dong va xdéa khi thoat
MATLAB. Workspace luu gitt cac bién khi ta sir dung MATLAB. Tat ca cac
bién trong MATLAB déu duoc hién thi tai ctra s6 Workspace Browser véi c4c

thong tin vé tén bién, gid tri, kich c& Byte va loai dir liéu.
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- Current Directory: Nhd ctra s6 ndy ngudi sy dung ¢ thé nhanh chong nhan
biét cac thu muc con va cac tap tin (file) dang c6 trong thu muc hién hanh.
Céc thao tac mé file, luu file, tim M-file dé thuc thi...c6 murc wu tién cao nhat
trong thu muc hién hanh.

Lap trinh trén Command Window

Véi cac bai toan don gian, chi can dung it cau 1énh MATLAB, ta giai
bang cach nhap ting 1énh tai cira s6 Command window.
* Mot s luu y khinhap lénh:
- MATLAB luén hién thi két qua cta cdu lénh trén man hinh. Néu mudn
MATLAB khong hién thi két qua thi cudi cau Iénh ta dat thém dau cham phay
().
- Nhiéu cau Iénh c6 thé dat chung trén mot dong nhung bat budc phai phan
cach nhau bai dau phdy (,) hodc cham phay (;). Khong cho phép phéan cach
cac 1énh bang khoang trong. Néu cudi 1énh nao c¢6 dau phay thi MATLAB
hién thi két qua, con diu cham phay thi khong hién thi két qua.
Vidu: Vé do thi ham so: ta nhap cdc dong lénh sau vao cira s6 Command
Window

X = 0:pi/100:2*pi;

y = sin(x);

plot(x.y)

Két qua: MatLab s& vé do thi ham so sin trén mdt ctra s6 v€ nhu sau
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Hinh 3.4. D6 thi ham sé sin

Lép trinh M-File , thay vi nhép va thuc thi

s nhiéu dong Jénh 1.4 A Ty 1At oA o
V&l cac bal toan phu'c tap’ gtd éﬁlthe s0an va luu tat ca cac

ting cau Iénh tai ctra s6 Command window,
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cau 1énh vao mot file, sau do chi can goi file dé thuc thi toan bd cac cau lénh
cua chuong trinh. Trong MATLAB, M-file la cac file chuong trinh dugc soan
thdo va luu & dang van ban. Co hai loai M-file 1a Script file (file 1énh) va
Function file (file ham). Ca hai déu c6 phan tén mé rong 1a ".m ". MATLAB
c6 rat nhiéu M-file chuan duoc xay dung san. Nguoi dung ciing c6 thé tao cac
M-file méi tuy theo nhu cau sir dung.

Lap trinh dang SCRIPT FILE

M@ cira s6 soan thao M-file:
Céch 1: Trong command window g0 Iénh edit Cach 2: Vao menu File >New
>M-File
Céach 3: Nhap chudt vao icon
Luu: Vao menu File > Save > dit tén tap tin > nhap nit save.
Tap tin Scrift file c6 phén m¢ rong la ".m", va dugc luu vao thu muc hién
hanh. Néu khong co su lua chon khac thi thu muc hién hanh duoc mic dinh 13
thu muc work cia MATLAB. Tén tap tin phai bat dau bang ky tu chir, khong

c6 khoang trong giira cac ky tu (giéng nhu quy dinh vé tén bién).
Goi1 thuc hién SCRIPT FILE:

- Cach 1: Trong cira s6 soan thao nhap chudt vao nut run trén thanhtoolbar.

- Cach 2: Tré vé man hinh Command window va gé tén file (khong cé phan
mo rong “.m”), sau d6 nhan Enter dé thyc thi.

Luu ¥ 1 du goi thyc hién theo cach 1 hay cach 2 thi MATLAB ciing déu xuét
két qua tinh toan tai ctra s6 Command Window.

Mo mdt M-file dang c6 dé xem lai hay chinh stra:
- Céch 1: Trong cira s6 Editor hodc Command window, vao menu File >open

>,

- Cach 2: Vao ctra s6 Workspace, nhap dup chudt vao tén M-file cAn mo.
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- Cach 3: Tai Command window, g& 1énh edit (‘duong dan\tén file')
Vi du: Tinh tong ctia n s6 tu nhién dau tién: S = 1+2+3+...+n

Ta m& moét M- file médi rdi soan thao nhu sau

n=input ('Nhap so so hang can tinh tong n = ');
k=0; S=0; %gia tri ban dau cua tong s

while (k<=n) $k?t thic vong 1?p khi khdéng con
th?a ?ki?n

S=S+k;

k=k+1;
end

fprintf ('Tong so %d so tu nhien dau tien la %d'

Inls)

Sau do, luu file véi tén la "vd_tongN.m"
Khi chay file, ¢6 thé goi tén file trong ctra s6 Command Window béng cach
20 [énh
>>vd_tongN.m
roi 4n Enter dé chay, hodc c¢6 thé mo file trén roi 4n nat Run trén thanh cong
a;cﬁatﬂnhsoanthéO(ﬂ§chayiﬂe.liétquéthucthichuongtdnhluénluén
hién ra ¢ clra s6 Command Window nhu sau

>>vd_tongN

Nhap so so hang can tinh tong n =10

Tong so 10 so tu nhien dau tien la 55>>

Lap trinh dang FUNCTION FILE

Tuong tu nhu trong toan hoc, cac ham (function) trong MATLAB sé
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nhdn vao gia tri cua cac ddi sb va tra vé gia tri tuong Umg ctia ham. Trinh tu
tao va thuc thi mot file ham bao gé)m cac budc nhu sau:

M cira s6 Editor: Thuc hién tuong tu nhu Scrift file

Soan théo: Ciu trac chuin ciia mot ham:

function [danh sach tham sb ra] = tén ham (danh sach tham sb vao)

Luu: Nhu cach Iuu caa Scrift file. Khi luu ham, MATLAB sé lay tén ham Iam
tén file, ngudi 1ap trinh khdng nén stra lai tén nay dé tranh 13n 16n khi goi thuc
hién ham.

Pic diém cua ham:

- Cac ham chi thong tin véi MATLAB thong qua cac bién truyén vao cho no
va cac bién ra ma no tao thanh, cac bién trung gian & bén trong ham thi khong
tuong tac vai moi truong MATLAB.

- Cac ham c6 thé st dung chung cic bién voi ham khac hay véi
mo1  truong MATLAB néu cac bién duoc khai béo 1a bién toan cuc. P& ¢co
thé truy cép dugc cac bién bén trong mot ham thi cac bién d6 phai dugc khai
béo 1 bién toan cuc trong mdi ham sir dung no.

- Mot M-file c6 thé chira nhiéu ham. Ham chinh (main function)

trong M-file nay phai dugc dat tén trung vaoi tén cua M-file. Cac ham khac
duoc khai bao théng qua cau 1énh function dugc viét sau ham dau tién. Cac
ham con (local function) chi dugc st dung bdi ham chinh, tirc 1a ngoai ham
chinh ra thi khéng c6 ham ndo khac c6 thé goi dugc ching. Tinh ning nay
cung cip mot giai phap hiru hiéu dé giai quyét ting phan ctia ham chinh mét
cach riéng r€, tao thudn lgi cho viéc 1ap mot file ham duy nhat dé giai bai toan
phuc tap.

Vi du: Viét ham giai pt bac 2: ax2+bx+c=0
Ta tao mdi mot M-file roi nhap cac cau lénh sau:
function [x1,x2]=vd gptb2(a,b,c)

if nargin<3

error ('Vui long nhap du 3 he so cua phuong
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trinh'")
elseif a==
x1l=-c/b;
x2=[ 1;

else
D = Db 2 - 4*a*c;
x1 = (=b+sgrt(D))/(2*a);

x2 = (-b-sqgrt(D))/(2*a);
end

Sau do,

"vd_gpth2.m":

luu file v6i tén gidng nhu tén ham khai bao ¢ dong 1énh dau tién

=1, b=11, ¢=8 nhu sau:

Chay thut ham voi cac doi so truyen vao la cac hé so a

>>
[x1,x2]=vd_gpth2(1,11,8)
x1 =-0.7830

x2 =-10.2170
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PHU LUCB
Mot s6 ma ngudn
Ham tinh toan MFCC
function [parameter, yPreEmp]= wave2mfcc(y, fs, FP)
% wave2mfcc: Wave to MFCC (Mel-Frequency Cepstral Cofficient) conversion
% Usage:
% parameter = wave2mfcc(y, fs, FP)
% parameter: MFCC and log energy, plus their delta value if necessary.
% fs: sampling rate

% FP: Parameters for deriving the speech features. You can use mfccParamSet.m
to obtain the parameters.

%

if nargin<l, selfdemo; return; end

if nargin<2; fs=8000; end

if nargin<3, FP=mfccParamSet(fs); end

y=double(y); % Convert to double
y=y-mean(y); % Shift to zero mean

% ====== Step 1: pre-emphasis.
yPreEmp = filter([1, -0.95], 1, y);

% ====== Step 2: frame blocking.

framedY = buffer2(yPreEmp, FP.frameSize, FP.overlap);
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filterBankParam = getTriFilterParam(FP.frameSize, fs, FP.tbfNum, 0); %

Parameters for triangular filter bank

parameter = [];
for i = 1:size(framedY, 2),
% ====== Step 3: hamming window.
Wframe = hamming(FP.frameSize).*framedY (:,i);

% ====== Step 4: fast fourier transform.

fftMag = abs(fft(Wframe));

halfIndex = floor((FP.frameSize+1)/2);

fftMag = fftMag(1:halfindex);

fftMag = interpl(1:halfindex,fftMag,1:1/FP.alpha:halfindex)’; % VTLN
fftMag = [fftMag;zeros(halfIndex-length(fftMag),1)];

% ====== Step 5: triangular bandpass filter.

% tbfCoef = triBandFilter(fftMag, FP.tbfNum, fstart, fcenter, fstop);
tbfCoef = triBandFilter(fftMag, FP.tofNum, filterBankParam);
% ====== Step 6: cosine transform. (Using DCT to get L order mel-scale-

cepstrum parameters.)

mfcc = melCepstrum(FP.cepsNum, FP.tbfNum, tbfCoef);
parameter = [parameter mfcc'];

end

% ====== Add energy

if (FP.useEnergy==1)
energy = sum(framedY .*2)/FP.frameSize;

logEnergy = 10*log10(eps+energy);
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parameter = [parameter; logEnergy];
end

% ====== Compute delta energy and delta cepstrum

% with delta is better for telephone digit recognition HMM
if (FP.useDelta>=1)
deltaWindow = 2;

paraDelta = deltaFunction(deltawWindow, parameter);
parameter = [parameter; paraDelta];

end
if (FP.useDelta==2)

paraDeltaDelta = deltaFunction(deltaWindow, paraDelta);

parameter = [parameter; paraDeltaDelta];

end
% ====== Subfunction ======
% === Self demo

function selfdemo
waveFile='what_movies_have you seen_recently.wav';
[y, fs]=wavread(waveFile);

FP=mfccParamSet(fs);

FP.useDelta=0;

mfccO0= feval(mfilename, y, fs, FP);

fprintf('No. of extracted frames = %d\n’, size(mfccO, 2));

subplot(3,1,1); surf(mfccO); box on; axis tight; title(sprintf(MFCC of

waveFile));

FP.useDelta=1;
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mfccl=feval(mfilename, y, fs, FP);

subplot(3,1,2); surf(mfccl); box on; axis tight; title(sprintf(MFCC of "%s",
waveFile));

FP.useDelta=2;

mfcc2=feval(mfilename, y, fs, FP);

subplot(3,1,3); surf(mfcc2); box on; axis tight; title(sprintf(MFCC of "%s",

waveFile));

% === Trianaular band-pass filters
function tbfCoef = triBandFilter(fftMag, P, filterBankParam)

fstart=filterBankParam(1,:);
fcenter=filterBankParam(2,:);
fstop=filterBankParam(3,:);
% Triangular bandpass filter.
for i=1:P

for j = fstart(i):fcenter(i),

filtmag(j) = (j-fstart(i))/(fcenter(i)-fstart(i));
end

for j = fcenter(i)+1:fstop(i),

filtmag(j) = 1-(j-fcenter(i))/(fstop(i)-fcenter(i));
end
tbfCoef(i) = sum(fftMag(fstart(i):fstop(i)).*filtmag(fstart(i):fstop(i))");
end
tbfCoef=log(eps+tbfCoef."2);

% === TBF coefficients to MFCC
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function mfcc = melCepstrum(L, P, tbfCoef)
% DCT to find MFCC
fori=1:L
coef = cos((pi/P)*i*(linspace(1,P,P)-0.5))’;
mfcc(i) = sum(coef.*tbfCoef");

end
% === Delta function
function parameter = deltaFunction(deltawWindow,parameter)

% compute delta cepstrum and delta log energy.
rows = size(parameter,1);

cols = size(parameter,2);
%temp = [zeros(rows,deltaWindow) parameter zeros(rows,deltaWindow)];

temp = [parameter(:,1)*ones(1,deltaWindow) parameter
parameter(:,end)*ones(1,deltaWindow)];

temp2 = zeros(rows,cols);

denominator = sum([1:deltaWindow].*2)*2;

for i = 1+deltaWindow : cols+deltaWindow,

subtrahend = 0;
minuend =0;
for j =1 : deltaWindow,

subtrahend = subtrahend + temp(:,i+j)*j;
minuend = minuend + temp(.,i-))*(-j);

end;

temp2(;,i-deltawWindow) = (subtrahend + minuend)/denominator;

end;parameter = temp2;
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