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PHAN MO PAU
1. Tinh cAp thiét ciia lun an

Ngay nay, v6i su bung nd cua xa hoi thong tin, con ngudi khong
con chi ¢6 nhu cau giao tiép véi nhau nira ma con can giao tiép véi
nhimng thiét bi dién tir. Hinh thic giao tiép ngudi - may théng qua
ngdn ngit tu nhién s& dem lai nhiéu tng dung, gop phin giai phong
suc lao dong cta con nguodi. Chinh vi vay, viéc 1am cho may tinh c6
thé nhan thirc dugc tiéng néi (hiéu tiéng no6i) ¢ tam quan trong dic
biét lién quan dén qua trinh phat trién cta van minh nhan loai. Nhan
thirc tiéng no6i néi riéng da duoc nghién ciru tir dau nhitng nam 1950
(Sumby & Pollack, 1954) (Cooper, 1952) (Broadbent D. &., 1957).
Tuy nhién, nhitng nghién ctru vé nhén thic tiéng néi & thoi ky dau
chi tap chung vao mdt sb bai toan cu thé nhu bai toan tach ngudn
tiéng néi, bai toan nhan dang tiéng néi, bai toan nhan dang hay xéic
thuc ngudi noi.

Gan day, nghién ctru vé nhan thirc tiéng néi da dat dugc nhiéu
thanh twu to 16n. Tuy nhién, cac nghién ctru vé nhan thic tiéng noi
chi xay dung cac hé théng c6 thé hiéu & mirc d6 phan biét duoc tiéng
n6i & mdt khia canh nao d6. Cac nghién ctru nay chi tap trung mod
phong hoat dong nhén thirc tiéng néi xay ra & ving vo nio thinh giac
dic biét 1a ving vé ndo thinh gidc so capva ving vo ndo thinh giac
thir cAp. Rét it nghién ciru dit bai toan nhén thirc tiéng néi trong moi
quan hé v6i nhén thirc cua cac hé giac quan khéc 1a qué trinh nhan
thirc xay ra & viing vo nio lién két da giac quan.

Cac nghién ctru vé vai tro clia viing vo nio lién két da giac quan
trong nhan thirc tiéng ndi 1a it dugc nghién ctru, trong khi do, qua
trinh nhén thie tiéng néi & con ngudi 1a mot qué trinh phuc tap, véi

su tham gia clia tat ca cac giac quan, cac vung vo ndo, dac biét la



vung vo ndo lién két, ving chiém ty 18 rit cao trong vé ndo con
nguoi.

Xuét phat tir nhitng 1y do trén, viéc lwa chon d& tai nghién ctru
hudng tiép can méi cho bai toan nhan thirc tiéng noi trong d6 dé xuat
mb hinh mo phong qua trinh nhan thirc tiéng noéi théng qua viée hoc
mdi quan hé hay lién két giita ving v6 ndo thinh gidc vé6i cac ving
vo ndo khac dic biét 1a lién két giita ving vo ndo thinh giac véi ving
vé ndo thi giac.

Két qua dé tai nay co thé img dung trong viéc nhan dang tiéng noi
tac tir, cdc cau roi rac, nhan dang ménh lénh trong diéu khién hoc
hay trong tmg dung trong giao tiép ngudi may, hay ung dung trong
tim kiém video dua trén doan mdt hoi thoai nga'in.

2. Muc tiéu ciia ludn 4n

Muc ti€u chinh cua luan an la xay dung mo hinh nhan thic tiéng
no6i dya trén mo phoéng ving vo ndo lién két giira thinh giac va thi
gidc bang cach xy dung md hinh hoc mdi quan hé giita cac dic
trung thu duoc tir Am thanh va hinh anh trén ving vo ndo lién két da
giac quan nay.

Pham vi nghién ctru ctia dé tai tap trung vao cic van dé sau: Xu ly
véi cac doan tin hi€u am thanh cia tiéng noi, lya chon dic trung dya
trén dic trung vé anh phd cua tin hiéu tiéng noéi, nhan thirc tiéng noi
& murc do lién két gitra tin hi¢u tiéng néi véi tir dinh nghia san, nhan
thirc tiéng noi ¢ khia canh lién két véi tin hiéu hinh anh.

3. Cac dong gop cia luin an

- P& xuit sir dung dic trung SIFT dugc trich chon tir anh phd cua

tin hi¢u tiéng noi.



- D& xuét st dung két hop giita phuong phap phan 16p LNBNN
va phuong phap trich chon dic trung SIFT trén anh phd cua tiéng noi
ap dung cho bai toan nhan dang tiéng néi.

- D& xuét xdy dung mé hinh nhén thic tiéng n6i moé phong viée
nhan thirc cia con ngudi & ving ndo lién két da gidc quan bang cach
xdy dung mo hinh hoc mdi quan hé giita tin hiéu tiéng noi véi tin
hi€u hinh anh.

- D& xuét cai tién hiéu ning ciia mé hinh théng qua viéc rit gon
dir liéu dya trén trung vi clia cac thanh phan cua vée to dic trung.

- P& xuit cai dit phuong phap phan 16p LNBNN trén nén
Hadoop, cho phép két hop nhidu may tinh c6 cdu hinh thip hon dé
tao thanh mot hé thong xir 1y song song, phan tan manh hon.

4.B6 cyc ciia luan 4n

Chuwong 1: Gidi thi€u so luge cac bai toan co ban cua bai toan
nhan thirc tiéng néi, cac budc trong qué trinh nhan thirc tiéng ndi &
con ngudi, trong viéec md phong nhan thic tiéng noi ciia cac mé hinh
hoc may. Gi6i thiéu tdng quan cac nghién ctru vé bai toan nhén thirc
tiéng noi, cling nhu cac khé khin trong bai toan nay.

Chwong 2: Gidi thiéu tong quan vé céc 1y thuyét, mo hinh va mot
s6 md hinh hoc may cho bai toan nhan thirc tiéng néi. Chuong nay
cling gi6i thiéu mot sb phuwong phéap trich chon dic trung phd bién
dugc sit dung trong cac md hinh hoc may cho bai toan nhén thic
tiéng noi.

Chwong 3: Gi6i thidu tong quan vé anh phd cta tin hi¢u tiéng
noi, dac trung SIFT va cach trich chon dac trung SIFT tir anh phé
ctia tin hiéu tiéng noi, gi6i thiéu hudng tiép dua trén anh phd cho bai
toan nhan thirc tiéng no6i két hop véi viée ap dung phuong phap phan
16p LNBNN. M6 hinh dugc tién hanh 6 thi nghiém khac nhau dé



danh gia hiéu qua ciia md hinh cho bai toan nhan dang tiéng néi cac
tir, cum tur doc 1ap.

Chuong 4: Gi6i thiéu tong quan vé& qua trinh nhén thirc cta con
ngudi, danh gia cac van dé ton tai, d& xuat mo hinh nhén thuc tiéng
n6i dua trén viéc hoc mdi quan hé giira tiéng néi v6i khai niém cho
trude va tin hiéu hinh anh thu duoc biéu dién cho mot su vat, hién
tugng xay ra cung luc véi tin higu 4m thanh dugc nghe thay.

Chuong 5: Gidi thidu hai cai tién cho bai toan nhan thic tiéng
no6i d6 1a dé xuat mot phuong phap rat gon dic trung bang lugng tir
hoa cac thanh phan cua dic trung SIFT thanh nhi phan sau d6 mi
hoéa lai thanh mot dic trung méi va dé xuét cai dat phuong phap phan
16p LNBNN trén nén tang Hadoop cho bai toan nhan dang tiéng néi.



Chuwong 1. TONG QUAN VE NHAN THUC TIENG NOI
1.1. Gi6i thi¢u

Nhan thire tiéng noéi 1a phan biét hay hiéu dugc sy khac nhau giira
cac tin hiéu tiéng noi dé tir d6 c6 hanh dong dap ung phu hop. Qua

trinh nhan thic ti€ng ndi ¢ con ngudi gom cac budce sau:

Tin hiéu He Kich Luu trir Lién két
Am [ thinh || thich |» lénvo [ véivungvo [ Hanh doéng
thanh gidc no- ron nao ndo khac

Hinh 1.1 8o dé6 qud trinh nhan thike tiéng néi
Cac md hinh hoc may cho bai toan nhdn thic tiéng néiméd
phongeo ché hoat dong nhén thirc tiéng noi cua con ngudi. Qua trinh

mod phong nhén thic tiéng noéi trong may tinh co ban ¢ nhitng bude

s?]] .
Tlgl;eu N m]'f;l?;in - Luong i Ma hoa ) Biéu dién L Trich chon
ot tir hoa tin hidu tin hidéu dic trung
thanh hiéu
v
Travé thm lop, Ll,e-n ke}
&0 1 | phincym |+{ vé&ikha
ap tng spro it e
tin hiéu niém

Hinh 1. 2 M6 phong cdc biede trong nhdn thike tiéng néi ciia may tinh

1.2. Mt s6 bai toan trong nhén thirc tiéng néi

Cac nghién ctru vé nhan thirc tiéng néi thuong tap trung nhidu
nhit trong viéc giai quyét mot sb bai toan cu thé do 13 bai toan nhan
dang ngudi nodi va bai toan nhén dang tiéng noi.
1.3.Qua trinh nhén thitc tiéng né6i ¢ nguoi




Qua4 trinh nhén thirc tiéng nédi dwoc bit dau tir viée thu nhan tin
hi¢u a4m thanh & nguoi dugce trai qua mot ) giai doan sau:Thu nhéan
tin hiéu tiéng néi & tai ngoai; Thu nhan tiéng néi & tai gitra; Co ché
truyén song am ¢dc tai dén nhén thirc tiéng nodi & nio.

1.4. Qua trinh m6 phéng nhén thirc 4m thanh trén may tinh

Tin hiéu tiéng ndi 1a tin hiéu twong tw, do d6 dé hé théng may tinh
c6 thé mo phong dugc qua trinh nhén thirc tiéng noi thi tin hiéu tiéng
n6i phai dugc bién doi, biéu dién va xir Iy mot cach phi hop véi may
tinh. Céac budc trong cac mo hinh hoc may cho bai toan nhan thirc
tiéng noi gdm cac bude sau:Lay miu tin hiéu tiéng noi; Luong tr hoa
cac mau; M hoa cac miu luong tir hoa; Biéu dién tin hidu tiéng
no6i;Trich chon déc trung tiéng n6i; Lién két voi khai niém; Phan lop,
phan cum dir liéu.
1.5.Tong quan vé nghién ciru vé nhan thirc tiéng néi

Nhitng nghién ciru du tién vé nhan thic tiéng noi 1 nghién ctru
kha nang phan biét mot tin hi¢u nhét dinh tir cac am thanh khac ma
ching xuat hién dong thoi trong cing méi truong hay con dugc goi
tén 1a hiéu Gng bita tiéc hay bai toan nhan thirc nhidu nguoi
no6i(Cherry, 1953),(Broadbent & Ladefoged, 1957).

Nghién ctru dau tién vé bai toan nhan dang tiéng noi duoc thuc
hién trong phong thi nghiém Bell vao nim 1952 dé nhan dang céc sd
clia mot nguoi néi. Sau thanh cong cua thi nghiém nay, nhiéu huéng
nghién ctru dugc dua ra nhim nang cao nhu: Hudng tiép can tich hop
ngudn hay kha ning tich hop théng tin tir nhidu phwong thire khac
nhau cho bai toan nhén dang tiéng no6i(Sumby & Pollack, 1954),
(Massaro, 1998); Huéng nghién ciru vai trd cua ndo ddi v6i nhan
dang tiéng;Nghién ciru v& vai tro cia bo nhé d6i véi nhan thic tiéng



n6i c6 thé ké dén 1a Miller nhu(Miller G. , 1956), (Pisoni,
1973),(Goldinger, 1998),(Allen & Miller, 2004),(Smith, 2004).

Céc nghién ctru vé nhén dang tiéng noi da duoc mot s tac gia
tong hop va xdy dung nén cac 1y thuyét va mo hinh cho bai toan
nhan thirc tiéng n6i: mo hinh nhan dang tiéng noéi dya trén phan tich
bang tong hop (analysis-by-synthesis) (Halle & Stevens, 1962); 1y
thuyét van dong (Liberman, Cooper, Shankweiler, & Studdert-
Kennedy, 1967); Ly thuyét lwong tir hoa (Quantal Theory)(Stevens,
The quantal nature of speech: Evidence from articulatory-acoustic
data, 1972),(Stevens, On the quantal nature of speech, 1989); M6
hinh nhan Cohort(Marslen-Wilson, Functional parallelism in spoken
word recognition, 1987);Ly thuyét mau ( Pierrehumbert,2001).

Trong khoa hoc may tinh, nhiéu mé hinh hoc may ciing dugc
nghién ctru va 4p dung cho bai toan nhan thirc tiéng néinhw mé hinh
Markov 4n (HMM), mé hinh GMM, phuong phap SVM, hay mang
no-ron(Sak, 2014)(Soltau, 2014).

1.6. Mt s6 kho6 khin trong nhén thirc tiéng néi

Tinh tuyén tinh: trong mot phat 4m lién tuc mdi am thuong chiu
anh huong rat 16n tir cac am trude va sau no.

Phan doan tiéng néi: 1a qua trinh xac dinh ranh gi6i giita cac tir,
am tiét, Am vi trong ngdn ngit noi.

Vén d& phu thudc ngudi ndi: mdi ngudi néi s& co ciu tric cua bd
may tao am khac nhau din dén dic tinh cua tiéng noi phat ra chiu
anh hudng rat nhiéu vao ngudi noi.

Van dé nhidu: tin hi¢u tiéng noi thuong bi anh hudng boi cac tap
am tor moi trudong ngoai.

Pon vi nhan thirc co ban: lya chon don vi nho nhat dé phén tich.



1.7. Huéng tiép cAn méi cho bai toan nhan thic tiéng noéi

Tir nhitng phén tich trén ¢ thé thay bai toan nhan thic 1a mot
linh vuc rat rong, tir d6 khai ni€ém nhan thirc tiéng noi trong nghién
ctru ndy dwoc hiéu 13 “nhdn thirc tiéng néi la nhdn thirc hay hiéu
duoc sy khac nhau giita cac tin hiéu tiéng néidé tir dé cé hanh dong
dap ung phu hop”.

Trong khuon kho cta nghién ctru nay ching toi chi tap trung
nghién ctru téi khia canh nhén thirc tiéng néi ¢ khia canh lién két
giita tin hi¢u tiéng ndi v6i mot khai niém (bai toan nhan dang tir,
cum tir doc 1ap — chuong 3) va lién két giita tin hiéu tiéng noi vai tin
hi¢u hinh anh, d& xuat mé hinh nhan thirc tiéng néi dya trén mé hinh
mb phong qué trinh lién két thong tin & ving vo ndo lién két da giac
quan (chuong 4). Pay 1a mot hudng tiép can mdi so véi cac tiép can
trude day cho bai toan nhén thirc tiéng noi béi vi cac hudng tiép can
trude day chii yéu tap trung mé phong qué trinh nhan thic tiéng noi
& ving nhd so cap va ving nhd lién két ctia co quan thinh giac, rat it
nghién ctru dé cap t6i ving nho lién két da giac quan nay.

Chuong 2.Ly thuyét, md hinh va phwong phap cho bai toan nhin
thire tiéng noi

2.1.Gidi thiéu

Trong phan nay s& gi6i thiéu mot sb 1y thuyét va mo hinh cho bai
toan nhan thuc tiéng nodi ddng thoi gidi thidu mot sé moé hinh hoc
may va phuong phép trich chon dic trung tiéng noéi trong cac mo
hinh hoc may cho bai toan nhén thirc tiéng noi.

2.2.Mt s6 ly thuyét cho bai toan nhin thirc tiéng noi

Ly thuyét van dong: dugc phat trién boi Liberman va cac dong
nghiép vao nim 1967. Nguyén 1y co ban cua Iy thuyét nay 1a dwa
trén viéc san sinh tiéng néi trong dudng phat am ciia ngudi noi.
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Ly thuyét phan tich bang tong hop: nhan thirc tiéng noéi dua trén
thong tin vé qua trinh san xuét tiéng noi.

Ly thuyét mau: duoc gidi thiéu 1an dau tién trong tim 1y hoc nhu
la mot md hinh nhén thirc va phan loai, sau d6 dugc Lacerda (1995),
Johnson(1997), Pierrehumbert (2001) ap dung cho bai toan nhin
thirc tiéng ndi [30]. Ly thuyét nay dua trén lién két gitta bo nhé va
kinh nghiém trudc véi cac tir vung.

2.3.Mét 6 mé hinh cho bai toin nhén thirc tiéng noi

Mo hinh TRACE la mét framework 14y tit ca cac ngudn thong tin
khéc nhau trong tiéng noi va tich hop chiing dé nhan dang cac tir.

Mo hinh nhén thirc tiéng néi Cohort dugc dé xuat boi Marslen-
Wilson vao ndm 1984 dé nhan dang tir vung bang cach st dung cac
am vi ban dau dé kich hoat tap céc tir c6 cung 4m vi khéi dau. Khi
thu nhan dugc thém thong tin tiép theo, tap tir vung dugc thu hep.

M6 hinh ludng kép cua Hickok va Poeppel (2007) chimg minh su
hién dién cua hai mang no-ron riéng biét trong xtr ly tiéng noi. Mot
mang no-ron chu yéu xt Iy véi cic gidc quan va thong tin 4m vi lién
quan dén cac khai niém va ngit nghia. Mang con lai hoat dong voi
gidc quan va thong tin Am vi lién quan dén hé thong dong co va hé
thdng cau am.

MJd hinh tinh toan no-ron mé phong cac con dudng cua no-ron
than kinh ¢ nhitng viing khac nhau ctia ndo bd c6 lién quan dén qua
trinh san xuat va nhan thirc tiéng nodi. Cac ving ndo chua tri thirc
tiéng no6i thu dugc bang cach huin luyén cdc mang no-ron dé phat
hién tiéng ndi trong viing vé nio va vo ndo tiéu ndo.

2.4. Mt s6 md hinh hoc may cho bai toan nhén thirc tiéng néi



Mo hinh Markov 4n: HMM 1a mé hinh dién hinh tiép cin theo md
hinh am hoc cho bai toan nhan dang tiéng no6i. HMM la mo hinh xac
suét dua trén 1y thuyét vé chudi Markov gdm cac thanh phéan sau:

* 0 ={04,0y,..,07} 12 t3p cac vector quan sat.

* S = {s4,S,,..,5y} 1a tap hitu han cic trang thai s gom N phan tir

* A={ayq,0a43,..,ayy} 12 ma tran hai chiéu trong d6 a;j thé
hién x4c sudt dé trang thai s;chuyén sang trang thai Sj, voi a;; = 0
vayh_ja; = 1Vi.

* B = {by, bit,--, bn-1)¢} 12 tp cac ham xac suat phat tan cua
cac trang thai tir s,dén sy_q, trong do b;;thé hién xac suat dé quan
sat o,thu dugc tir trang thai s;tai thoi diém t.

M6 hinh mang no-ron: Mang noron MLPla mot cAu tric mang
gdém c6 mot 16p vao, mot 16p ra va mot hodc nhiéu 16p an. Vector
dau vao s& dugc dua qua 10p vao sau d6 cac tinh toan duoc thuc hién
lan truyén tién tir 16p vao t6i cac 16p 4n va két thic & 16p ra. Ngoai
mang MLP, mb hinh mang hdi quy ciing thuong dugc sir dung cho
bai toan nhan thirc tiéng noéi.

M5 hinh ngén ngir: M6 hinh ngdn ngit 1a mot tdp xac suat phan
bd cua cac don vi trén mot tap van ban cu thé. Mot cach téng quat
thong qua mé hinh ngdn ngit cho phép ta xac dinh x4c suit cia mot
cum tr hodc mdt cau trong mot ngén ngi.

2.5.Mt s6 phwong phap trich chon dic trung tiéng no6i

Phuong phap trich dic trung MECC:tinh toan cac gia tri phd cua
tin higu cho bang tan trén mién tan s ma tai nguoi dé cam thy nhét.

Phuong phap ma du doan tuyén tinh LPC: tinh cac hé s6 dé xép
xi mot mau bai t6 hop tuyén tinh ciia cac mau trude do.
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Phuong phap trich dac trung PLP: dua trén co sé phuong phap
ma du bao tuyén tinh LPC. Pac trung nay duoc tao ra dua trén dac
tinh vat ly cta tai nguoi khi nghe.

Chuwong 3. Hudng tiép can trich chon dic trung tir anh phd
ciia tin hi¢u cho bai toan nhan thirc tiéng néi

3.1.Giéi thiéu

Céac mé hinh hoc may cho bai toan nhén thic tiéng noi hién nay
hau hét 1a sir dung cac dic trung dwa MFCC, LPC va PLP. Cac dic
trung ndy sir dung cac bo loc tin s6 dan toi mot sé thanh phén tan sb
c6 trong tin hiéu tiéng noi da bi bé qua, lam mat thong tin c6 trong
tin hi¢u tiéng néi. Cac dic trung nay rat nhay cam véi nhiéu va thiéu
thong tin vé& pha.Thém vao do, cac méd hinh hoc may thuong doi hoi
dir lidu dau vao phai cing kich thude, do d6 cdc md hinh hoc may
thuong phai bién doi dir liéu ban dau dé biéu dién dir liéu thanh cac
véc to cting chidu din dénlam mét thong tin.

Chuong nay chung t6i dé xudt sir dung trich chon dic trung SIFT
tryc tiép tir anh phd cua tin hiéu tiéng néi két hop phuong phap hoc
méay LNBNN cho bai toan nhan thirc tiéng noi.

3.2. Anh phd cia tin hiéu tiéng néi

Anh phé cua tiéng noi 1a mot phwong phap biéu dién tin hiéu
trén mién két hop thoi gian va tan sb trong d6 mot chiéubiéu dién tan
sO, mot chiéu biéu dién thoi gian va gia tri mdi diém anh 1a d¢ 1on
clia cic thanh phin tan sb c6 trong tin hidu.

3.3.Dic trung bt bién SIFT

SIFT la dic trung bat bién ddi v6i phép tinh tién, co dan va phép
xoay. Phwong phap trich rut cac dic trung SIFT duogc tiép can theo
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phuong phap thac loctheo cac budce sau: Phat hién cac diém cuc tri
Scale-Space; DPinh vi céc diém hép dan; Xac dinh hudng cho cac
diém hap dan; M6 ta cac diém hap dan.

3.4.Thuat toan phan lop NBNN

Thudt toan 3.1

Piu vao:
C = {Cy, €y, .., C;}1d tip nhin cia di¥ liéu hudn luyén
Fes {Il’ fiE _..,TL} 1a tip cdc dic trung cua di liéu huan luyén
Q = {dy, dy, .., dp} withd, € R™ Vi =1...Q ld mt truy vén
Piu ra: nhin cia Q
forall d, € Q do
for all classes C do

totals[C] « totals[C] + |ld, — NN (d)II?
end for
end for
return argmin. totals[C]

3.5.Phuong phap phan l6p LNBNN
Phuong phap phan 16p LNBNN duoc Sancho d& xuit nhim cai
tién thuat toan NBNN cho bai toan phan 16p anh.

Thudt toan 3.2
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Bdu vio:

T = {Ty, Ty .., Ty} 1d tip mau huin luyén

T,= {d,d,,...d; Jandd, ER™Vj=1.N,
C = {C,,C,,..,Cy}14 tip nhin

Query @ = {d;.d;,...dy}.d; € R"Vi=1..¢

Tham s6 k

Bdiu ra: nhin cia Q

1 foralld, € Qde

2 find {py, Ps, .. Pres)ld k+ 1 hing x6m gin nhit cla d,
3 disty = |ld; — prs4ll®

4 for all classes C in the k nearest neighbors do

5: diStC = mi'n{pj-l Class (‘pJ-')=l‘_'}|Idi B p}' I‘
6: totals[C] « totals[C] + dist. — disty
7 end for

g end for

9: return argmin totals[C]

3.6.Hwéng tiép cin anh phd cho bai toan nhan dang tiéng néi
Trong nghién ctru ndy, chung t6i d& xuit mo hinh phan 16p
tiéng néi dya trén anh phd cua tin hiéu tiéng néi bang cach ap dung
phuong phap phan 16p LNBNN két hop voi phuong phap trich chon
dic trung bét bién SIFT trén anh phd cua tin hiéu tiéng néi (Hinh
3.8).
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Tién xr I¥ Pha phan lép

Tin hiéu Tin hiéu
tiéng néi tieng néi
200 L
Biéu dién thanh Biéu difn thanh
anh phé anh phé
' ¥
Trich =xuat dic Trich zuat djc
treng SIFT treng SIFT
¥ ¥
Xaydumgedy | | Tim K+1 hing xém ghn nhét cho méi
KD-TREE dac trung cua truy van
!
Tinh khoang cach bién (dists)
v
Tinh khoang cich dén méi lép (distc)
v
totals[C]+=distc — distg
v
Tim C véi totals[C] nho nhat

Hinh 3. 1Mé6 hinh phdn Iop tiéng noi bang LNBNN két hop véi dic trung SIFT
trén anh phé cua tiéng noi

3.7. Thi nghiém va két qua

3.7.1. D@t li¢u thi nghiém: thi nghiém duoc tién hanh trén 06 bd
dir li¢u la: ISOLET, English Digits, Vietnamese Places, Vietnamese
Digits, TMW, JVPD.

3.7.2. Thi nghiém so sanh d¢ chinh xac phén 16p cta déc trung
SIFT voéi dac trung MFCC khi st dung LNBNN

Bang 3. 1 So sanh do chinh xac phan I6p ciia LNBNN voi SIFT va MFCC
| Bo dit liéu | SIFT | MFCC

14



ISOLET 0.73 0.34
English Digits 0.96 0.94
Vietnamese Places 0.95 0.39
Vietnamese Digits 0.97 0.72
TMW 1.00 0.39
JVPD 0.97 0.53

3.7.3. Thi nghi¢m vé1i dit li€u co dan theo thoi gian

Bang 3. 1 So sanh két qua ddi véi dit liéu bi co dan mét chiéu

Database Origin | Scale 10% | Scale 20% | Scale 30%
ISOLET 0.734 0.731 0.729 0.724
English Digits 0.962 0.962 0.959 0.958
Vietnamese Places 0.953 0.951 0.948 0.941
VietnameseDigits 0.972 0.971 0.969 0.965
TMW 1.000 1.000 0.991 0.985
JVPD 0.973 0.972 0.967 0.963

3.7.4. Thi nghi¢m so sénh LNBNN va cac phan loai khac

Bang 3.3 So sanh d¢ chinh xdc cua cac phwong phap phan lop véi dac trung MFCC

EN VN VN

Method ISOLET Digits | Places | Digits TMW | JVPD
LNBNN 34.0 94.1 38.5 72.0 39.0 87.1
Naive Bayes 64.2 98.6 67.6 424 44.6 44.5
Bayes Net 57.0 99.5 70.2 47.5 21.3 213
SVM 61.6 99.5 78.0 62.8 40.7 96.5
RandomForest 64.4 98.4 71.8 73.5 56.7 97.2
TreeJ48 38.1 90.2 53.8 42.4 15.2 82.7

Bang 3.4 So sanh do chinh xac cua cac phwong phap phan l6p voi ddc trung SIFT

EN VN VN

Method ISOLET . . . . TMW | JVPD
Digits | Places | Digits

LNBNN 72.8 96.2 95.0 96.9 | 100.0 96.9
Naive Bayes 32.8 50.4 58.5 53.1 34.1 55.8
Bayes Net 20.6 57.2 70.5 47.7 33.1 60.8
SVM 3.8 11.3 12.5 14.6 8.5 35.2
RandomForest 37.7 70.7 78.5 55.2 69.0 62.4
Tree J48 18.3 47.3 60.3 34.6 17.4 46.8

3.7.5. Thi nghi¢m kha nang hoc tang cudng cia LNBNN

Bdng 3.580 sanh dj chinh xdc phdn 16p khi b6 sung thém dit liéu

Database | 20% | 40% | 60% | 80% | 100% |
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training | training | training | training | training
samples samples | samples samples | samples
ISOLET 0.46 0.56 0.60 0.68 0.73
English Digits 0.90 0.92 0.94 0.95 0.96
VN Places 0.91 0.92 0.93 0.94 0.95
VN Digits 0.27 0.72 0.71 0.82 0.97
TMW 0.92 0.93 0.98 0.99 1.00
JVPD 0.94 0.96 0.96 0.95 0.97
Bang 3.6 So sanh dé chinh xdc phan [6p khi bé sung thém lop (tri thirc)
20% 40% 60% 80% 100%
Database
classes classes classes classes classes
ISOLET 0.55 0.64 0.60 0.60 0.73
English Digits 1.00 0.98 0.98 0.97 0.96
VN Places 1.00 0.97 0.95 0.94 0.95
VN Digits 1.00 0.97 0.98 0.96 0.97
TMW 1.00 1.00 1.00 1.00 1.00
JVPD 1.00 1.00 0.97 0.97 0.97
3.6.Két luan

Trong chwong niy, ching toi di dé xuit mot phuong phap
trich chon déc trung tiéng n6i & muc do thinh giac dya trén anh phé
clia tin hiéu tiéng noi dong thoi két hop véi phuong phap phan 16p
LNBNN phuong phap phan 16p phi tham sb c6 vu diém 1a cho phép
md hinh ¢6 thé hoc thém mau dit liéu huin luyén, hoc thém tri thirc

ma khong phai huan luyén lai.
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Chwong 4.Mé hinh nhin thirc tiéng néi thong qua hoc mdi
quan hé giira tin hi¢u tiéng né6i va hinh anh

4.1. Giéi thiéu

Trong chuong nay, ching t6i xay dung moé hinh nhan thirc
tiéng noi thong qua viéc hoc mbi quan hé giita cac dic trung tir mot
cap dir liéu tiéng noi va hinh anh xay ra dong thoi ma ngudi hoc thu
nhén dugc thong qua hai co quan cadm giac chinh do la thinh giac va
thi giac.

4.2. Cac phwong phip hoc méi quan hé

Hoc mbi quan hé bang mang no-ron: thuong duoc ding dé hoc
mdi quan hé giita cac dir liéu trong cing mot mién. Mdi quan hé
dugc thé hién & trong s6 cua mang.

Hoc mbi quan hé bang HMM: hoc mdi quan hé giira dit liéu trong
cling mot mién c6 tinh lién két theo thoi gian, dang chudi. Mdi quan
hé duoc thé hién & ma tran chuyén trang thai.

Hoc mbi quan hé dya trén luat: thuong hoc mbi quan hé trong vin
ban. Quan hé thé hién & dang luat.

4.3.Dé xuft md hinh nhan thirc tiéng néi

Co 56 dé xudt mé hinh

V6 ndo 13 16p vo ngoai clia chat xam trén ban cau. Mot s6 ving
vo ndo ¢ chirc nang don gian hon, goi 1a vo nio so cap (Wanda,
2017). V6 ndo gém cac khu vuc truc tiép tiép nhén thong tin tir cac
co quan gidc quan nhu thi giac, thinh gidc, xac gidc, vi giac va vung
v6 ndo lién két co cac chirc ning phuc tap hon ving vé nio so cap.
Vung vé ndo lién két dugc chia lam hai loai 1a vung vo ndo lién Kkét

clla cac co quan cam giac va vung vo nao lién ket da giac quan.
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Ving vo ndo lién két cuia mdi gidc quan c6 vai tro trong viée luu triv
mdi quan hé giita cac tin hiéu cta gidc quan do, trong khi d6, ving
v6 ndo lién két da gidc quan c6 vai tro trong viée lién két thong tin
clia cac giac quan khac nhau dé nhén thic.

Theo huéng tiép can nay, dé may tinh nhan thirc duoc tiéng noi
thuc chat 1a xay dung dugc mang quan hé giita tin hiéu tiéng noéi véi
thong tin vé cac su vat hién tugng thu dugc tir cac giac quan khéac.
Céc tin hiéu 4m thanh ciia mot ddi twong (khai niém vé 16p triru
tuong) nao do s€ dugc nhan thirc bdi mot s6 bai mot $6 dac trung
nhat dinh duoc goi 13 dic diém chung cua dbi twong d6. Twong tu
vay, cac tin hi€u hinh anh ctia cuing mot dbi tuong, mot khai niém
cling s€ dugc nhan thic bdi mot sb dic trung hinh anh chung nhét
ctia d6i tuong d6. Khi dé, nhan thirc tiéng noi 1a qua trinh xay dung
mang quan h¢ gitra cac tap dac trung nay.

Quan h¢ gilta céc
déc trung triru tuong

- /:. :\ & /Quan hé gitra y}, -
- .
. . - cac dac trung LA
thu dugce tir oL T

* - tin hiéu & o

- @ b &
*a

Tin hiéu tiéng néi Tin hiéu hinh anh

Pinh nghia 1:Quan hé giita mot miu tiéng nodi va mot miu
hinh anh:Mdt miu tiéng ndi thu dugc tir hé thinh giac ddng thoi véi
mot hinh anh cda sy vat, hi€n tugng tir moi truong xung quanh tai

cung mot thoi diém thi dugc goi la co6 quan hé.
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Pinh nghia 2. Quan h¢ mot dac trung tiéng noi vo1 mot dac
trung hinh anh.

Gia sir 6 mot mau tiéng ndi S duoc biéu dién bang mot tap cac
dac trung {f; , f2 , .}, v mot mau hinh dnh dugc biéu dién boi tap
dac trung {gl , G2 s } Khi do6 dic trung f; va dac trung g; dugc goi
1a c6 quan hé néu S c6 quan hé voi L.

Mb hinh nhén thirc tiéng néi bing hoc méi quan hé giira tin
hiéu Am thanh va hinh dnh

Bai toan dugc mo hinh hoa nhu sau: Cho mot tép dir li¢u huén
luyén 12 mot tap cac cip miu gdm mdt tin hiéu tiéng noi va mot hinh
anh ma hai giac quan thu duoc tai cing mét thoi diém. Nhu vay mdi
mAu huin luyén 1a mét cap <S;, [>. Nhu vay, khi cho mdt mau maoi
1a mot cap <S, I> bat ky, hoi cap miu <S, I> nay 1 c6 quan hé véi
nhau hay khong?

Chung t6i dé xuét cai tién LNBNN dé phan 16p cac cap dit liéu
thanh 2 16p la c6 quan h¢ va khong c6 quan h¢ nhu sau:

Cdch 1: Sir dung pha phédn 16p ciia LNBNN: cai tién cach luu trit
va tim kiém K hang x6m gin nhét.

Cdch 2: Sir dung phdn 16p LNBNN véi wée lwong xdc sudt KNN:
cai tién udc lwong xac suit bing KNN.

Cach 3. Sir dung LNBNN mét lop

Thuc chat 14 bai toan chi c6 mot tap nho cac cip dit c6 quan hé
duogc st dung lam tap hudn luyén chir khong c6 cip di liéu khong c6
quan hé trong tap huan luyén. Vi vdy bai toan phai coi 1a bai toan
phan 16p quan hé chi c6 mdt 16p (one class classification). Tu do,

chung t6i dé xuat phan 16p theo thuit toan 4.2.

19



Thudt toan 4. 1. Thudt toan hoc méi quan hé - Pha phan lop
Piu vao:
SF: cay dic trung cta dir liéu huén luyén tiéng noi
IF: cdy dic trung cta dit liéu hudn luyén hinh anh
W: Ma tran trong sb quan h¢
{sp, im}: mot cip miu truy vin {speech, image}
Threshold: tham s ngudng
Piu ra: cip mau truy van {sp, im} c6 quan h¢ hay khéng
1: TotalWeight = 0;
2: Tim tap SP_index la K+1 hang x6m gan nhit ciia cac dic trung ciia mau
tiéng néi trong cay SF
3: Tim tdp IM_index 14 chi s§ ciia K+1 hang x6m gin nhét ciia cac dic
trung trong mau hinh anh trong cay IM
4: For eachiin SP_index
5: For each j in IM_index
6 TinhdistB khoang céch tdi cip bién dugc tao tir phan tir K+1
7: Tinh khoang cach ngén nhit distC ciia cip dit ligu
8 TotalWeight = Total Weight + w(i,j)*(distC - distB)/(N*M)
9:  End for
10: End for
11: If TotalWeight < Threshold Then
12:  return true
13: Else if
14:  return false
15: End if

4.4.Thi nghiém va két qua

4.4.1Xay dung tap dir liéu thi nghiém

B6 dir li¢u thi nghi€ém thu nhét duoc xay dung tir bo dir li€u
DIGITS,va bg dit liéu anh MNIST. Tu hai b dit liéu nay chung t6i
chon ngiu nhién 454 mau huin luyén va chia thanh hai tap, tap huin
luyén gdom 266 miu va tap kiém tra 1a 188 mau.

Bo dit liéu thir hai duoc xay dung tur bo dir licu tiéng noi la

tén goi cua 3 dbi tuong (But, Qua bong va Dién thoai) va mét bo dir
lidu anh chup ba dbi tugng d6 & khoang cach va goc chup khéac nhau.

B dit liéu gdbm 100 mau huén luyén va 40 mau kiém tra mdi 16p.
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4.4.2 Thi nghiém hoc méi quan hé dua trén LNBNN

Bdng 4. 1 Két qua phan 16p méi quan hé bang LNBNN trén dir liéu DIGITS

K TP FP TN FN Accuracy
2 1249 633 821 1061 0.614
4 1204 678 771 1111 0.615
6 1206 676 776 1106 0.614
8 1206 676 792 1090 0.610
10 1211 671 792 1090 0.611
12 1212 670 792 1090 0.612
14 1212 670 791 1091 0.612
16 1213 669 790 1092 0.612
18 1213 669 787 1095 0.613
20 1210 672 750 1132 0.622

Bang 4. 2 Két qua phan 16p quan hé v6i LNBNN trén dit liéu OBJECTS

K TP FP TN FN Accuracy
2 22 18 32 8 0.375
4 28 12 32 8 0.450
6 32 8 32 8 0.500
8 33 6 33 7 0.506
10 34 5 35 5 0.494
12 37 3 37 3 0.500
14 39 1 38 2 0.513
16 40 0 40 0 0.500
18 40 0 40 0 0.500
20 40 0 40 0 0.500

4.4.3 Thi nghiém hoc méi quan hé duwa trén LNBNN véi KNN

Bdng 4. 3 Két qua phan 16p quan hé dp dung KNN trén dir liéu DIGITS

K TP FP TN FN Accuracy

2 1448 434 924 958 0.639
4 1627 255 1031 851 0.658
6 1696 186 1166 716 0.641
8 1734 148 1340 542 0.605
10 1756 126 1465 417 0.577
12 1790 92 1550 332 0.564
14 1815 67 1688 194 0.534
16 1832 50 1787 95 0.512
18 1850 32 1837 45 0.503
20 1882 0 1882 0 0.500
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Bdng 4. 4 Két qua phan 16p quan hé ép dung KNN trén dit lieu OBJECTS

K TP FP TN FN Accuracy
2 4 36 0 40 0.550
4 6 34 0 40 0.575
6 9 31 0 40 0.613
8 12 28 1 39 0.638
10 14 26 2 38 0.650
12 16 24 4 36 0.650
14 18 22 6 34 0.650
16 19 21 8 32 0.638
18 21 19 10 30 0.638
20 22 18 12 28 0.625

4.4.4 LNBNN m¢t lop cho bai toan phan lop quan hé
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Hinh 4. 2 Két qud phan 16p one-class LNBNN trén bg dit liéu OBJECTS

5.7. Kétluan

Chuong nay chung t6i d& xuat mot hudng tiép can cho bai toan
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nhan thirc tiéng noi dua trén mo hinh hoc mbi quan hé gitta cac dac
trung cua tiéng néi voi cac dic trung thu duoc cua hinh anh bang
cach ap dung phuong phap phan 16p dong thoi dé xuét ba cach cai
tién d6i véi phuong phap phan 16p LNBNN dé ap dung cho bai toan
nay. Két qua thuc nghiém ciing chimg té mé hinh nay 1a phu hop va
c6 thé cai tién 4p dung cho viéc huan luyén ngudi may trong viéc
nhan thuc tiéng noi.
Chwong 5.Mot s6 cai tién cho bai toan nhan thirc tiéng néi

5.1.Giéi thiéu

Trong phan nay, ching t6i dé xudt mot phuong phap rat gon dir
lidu cho dic trung SIFT va dé xuét cai dat phuong phap phan 16p
LNBNN trén nén Hadoop cho bai toan phan 16p tiéng noi voi dit ligu
16n.

5.2.Rut gon dir li€u

Béng S. 1 So sanh d¢ chinh xidc phén 16p trén cac bf dir liu

. Binary SIFT Binary SIFT X
Origin SIFT Binary SIFT
Database Linear Brute Hierarchical
KD-TREE F MIH
orce Clustering

ISOLET 56.3 56.3 56.3 56.3
EN DIGITS 95.4 95.8 95.3 96.2
VN PLACES 91.2 90.5 89.8 90.8
JVPD 95.1 94.6 93.7 95.0
T™MW 83.1 89.9 89.9 89.9

Bing 5.2 So sinh thoi gian chay trén cdc div ligu khdc nhau (tinh bing gidy)

Num Origin Binary SIFT | Binary SIFT | Binary
Databases descriptor SIFT Linear Brute | Hierarchical | SIFT
KD-TREE Force Clustering MIH
ISOLET 327,396 657 654 124 473
EN.DIGITS 581,134 1,584 3,848 643 2,331
VN PLACES 856,121 725 13,359 307 1,919
JVPD 489,998 11,144 1,613 228 901
T™MW 3,605,234 25,364 73,595 1,892 43,295

Chung toi dé xuat mot phuong phap rat gon dir liéu bang cach
lugng tir héa céac thanh phan cua dac trung SIFT dua trén trung vi
ctua chung. Nhu vay, sau khi lugng tir hoa véi cac gia tri trung vimoi
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diém dac trung SIFTs€ tréd thanh mot véc to 128 bit, sau d6 chung
dugc mi hoa thanh véc to 16 bytes giam kich thude 8 1an.

5.3.Cai dit phwong phip phén 16p LNBNN trén nén Hadoop

Viéc cai dat thuat toan LNBNN duoc tién hanh ¢ cac tha tuc
Setup, Map, Reduce va Cleanup. Hai thu tuc chinh 1a Map va Reduce
duogc trinh bay & thuat toan 5.1 va 5.2.

Thuat toan 5. 1 Thuat tooan LNBNN Hadoop — thi tuc Map

Input:

Value 13 dong dit lidu trong tap hudn luyén bao gdm ca dit liéu va nhén
Out put:

A list of <KeyQOut, ValueOut>pair.

1. Convert Value (current line in training) to a vector curVec

2. For cach test_vectorintestListdo

3. Calculate distance from curVec to test_vector

4. Create KeyOut =<feature id, distance > is a pair of feature point id in
query (fest_vector ) and its distance to the current feature point in training
set (curVec)

5. Create ValueOut =<label, distance> is a pair of class label and its
distance from a feature point id in query (fest_vector ) to the current feature
point in training set (curVec)

6. Context.write(KeyOut,ValueOut)

7. End for

Trong thi nghiém nay ching t6i thiét ké mot hé thong phan tan bao
gdm 03 node duoc két ndi thong qua mang cuc bd duogc tién hanh
trén 04 co s¢ dir liéu 1a DIGITS, VN PLACES, TMW, JVPD. Két
qua so sanh thoi gian chay duoc trinh bay & bang 5.5.

Bing 5.5 So sanh théi gian truy vin trung binh mét dic trung(tinh bang gidy)

Database Number Single 2 nodes 3 nodes
feature node
JVPD 489,998 295 302 201
English Digits 581,134 363 245 261
VN Places 3,190,303 1,902 1,858 1,927
T™MW 3,605,234 2,253 1,606 1,471
VN Places + TMW 6,795,537 4,281 4,088 4,253
JVPD + English Digits
+ VN Places + TMW 7,866,669 4,806 4,700 4,938
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Thuét todn 5. 2 Thuat toAn LNBNN Hadoop — thu tuc Reduce

Input:
- K 13 s hang x6m gin nhét cin tim
- Key 1a mot cap gdm chi sé cia diém dic trung va khoang cach (Feature
point Id of query, distance),
- Value 1a tap cac cap (class label, distance)
Output:
Totals : tong khoang cach tir truy van ti tat ca cac 16p
1. Count =0;
2. For each RecordKey in Value do
If Count = K then
BG_distance = recordKey.getDistance()
break;

Else
Count = Count +1;
End if
9. IfrecordKey not in NeighborList then
10. Add recordKey to NeighborList
11. End if
12. End for
13. For each neighbor in NeighborList do
14. Totals[neighbor] += neighbor.Distance() — BG_distance;
15. End For

P NN AW

5.4. Két luan

Trong chuong nay ching toi dé xuat hai cai tién cho phuong
phap phan 16p LNBNN cho bai todn nhan dang tiéng néi dua trén
dac trung SIFT trich chon tr anh phé cua tin hi€u tiéng noi. Mot la,
chung ti dé xut phuong phap rat gon dic trung bang viée bién ddi
dic trung SIFT tir 128 chiéu, v6i mdi chiéu 1a mot byte thanh dic
trung SIFT nhj phan, sau d6 ma hoéa lai thanh mét véc to 16 chiéu dé
giam kich thudc luu trit va ting toc do tinh toan. Hai 1, ching toi dé
xuét cai dit phuong phap phan 16p LNBNN song song, phan tan trén
nén tang Hadoop, mot framework phd bién cho bai toan xir 1y di liéu

16n.
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