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MO PAU
1. Tinh cap thiét cia dé tai

Trong nhiing nim gan day, cac budc tién trong linh vuc Hoc sau (Hoc sau),
nhat 1a vé Thi gidc May tinh da giai quyét rat nhidu van dé tir cac linh vyc khac nhau

va dong gop vao sy cai thién doi song hang ngay cua con nguoi.

Ngay nay, dé ting tinh bao mat va xac thuc, nhiéu ki thuat lién quan dén nhan
dién giong néi, gidi tinh dang ap dung trong cac ngan hang, co quan va t6 chirc doanh
nghiép, riéng trong vién thong van dé vé gian lan cudc dang giy ra nhitng ton hai vé
doanh thu rat 16n cho cac nha mang, tap doan vién thong. Viéc tim bat nhiing thué
bao ldu cude 1a mot thir thach rat 16n vi cac hé thong 1au dugc 1ap trinh mot cach rat
tinh vi dé hanh vi ciia ching tré nén vo ciing khé phan biét vai cac thué bao ciia nguoi
dung thong thudng. Cac tap doan vién thong dang thir nghiém theo ddi cac yéu t6 ma
cac nhoém lam 1au cude kho tic dong vao nham phat hién ra cac bat thudng, mot trong
sb6 d6 giong noi1 thu dugc tir cac cudc goi. Vi cac thué bao lau cude 1a cac thué bao
ma tir 6 nhiéu nguoi dung goi di, nén giong nodi sé thay doi theo tirng nguoi, su thay
d6i nay co thé duoc thiy trong gidi tinh va giong viing mién cia ngudi ndi. Nhu vay,
néu nhu c6 mot cach dé tu dong chi ra gidi tinh va giong vung mién cia nguoi noi

thi ching ta c6 thé phan nao phat hién ra cac bat thudng.

Hi¢n nay, linh vuc xtr Iy am thanh — ma chu yéu 1a céac bai todn phan loai am
thanh da tan dung nhiéu tir cac ki thuat ma duoc st dung nhiéu trong linh vuc Thi
giac May tinh va xur 1y hinh anh.

Xuit phat tur thuc té va muc tiéu nhu trén, hoc vién voi su giap do cua TS.
Nguyén Ngoc Di¢p hoc vién lya chon thuc hién dé tai luan van tét nghiép chuong
trinh dao tao thac si c6 tén “Nghién ctru xay dung mo hinh phan loai gi6i tinh va ving

mién cho tiéng ndi tieng Viét dua trén dm thanh”.



2. Tong quan van dé can nghién ciru

Hién nay da co rat nhiéu bai toan phan loai dit liéu a&m thanh sir dung cac mo
hinh hoc sau, tir cac cudc thi Khoa hoc dit liéu cia Kaggle nhu “TensorFlow Speech
Recoginition Challenge” (2017), “Freesound Tagging” (2018, 2019) trong d6 nguoi
tham gia tan dung viéc dua dit liéu 4m thanh vé dang biéu dién tan sé (duoc coi la
“4nh cia 4m thanh”) va ap dung cac ki thuat vé xtr Iy anh, huan luyén mang no-ron
dé giai quyét bai toan, trong d6 dir liéu 4m thanh s& duoc chuyén sang bai toan phan

loai anh pho.

Mot sd k¥ thudt phan loai am thanh khac da dugc nghién ctru va chirng minh
tinh kha thi va o chinh xac cao bang cach sir dung mé hinh GMM (Gaussian mixture
models), két hop voi viéc xay dung tap thudc tinh 4m thanh (Mel-frequency cepstrum

coefficients)

Vao thang 8/2018, ZALO Inc. ciing da t6 chirc mot cudc thi phan loai gigi tinh
va viing mién cho tiéng noi tiéng Viét vai mot bo dir liéu kha 16n va da dang. Loi giai
clia d6i chién thang ciing 1a st dung phuong phap két hop trich xuét thudc tinh cia
am thanh va img dung cac thuat toan Hoc sau. Vi vay nd1 dung cua luén van nay s€
tap trung nghién ciru giai phap dé xdy dung dugc mot bo phan loai voi do chinh xéac
cao hon va tbc do xir 1y nhanh hon. bé lam duge viée do, ngoai viéc tan dung cac
mang no-ron tién tién c6 kha ning phan loai, ludn vin s& nghién ciru thém vé cac ki
thuat st dung trong ting phan cta ctia xtr 1y phan loai, vi du nhu ki thuat xir Iy va
dua Am thanh vé mién tan sd hay cac kién trac mang no-ron khac nhau, v.v nham
nang cao hon nita d¢ chinh xac. Ngoai ra, luan van ciing s€ sir dung thém b data
giong n6i VIVOS dé huan luyén mé hinh chir khong chi b data cia ZALO, vi bo
VIVOS nay duoc thu trong diéu kién 1y twong hon, do d6 d& dang cho mé hinh hon

trong giai doan d4u cua viéc hoc.
3. Muc dich nghién ciru

«  Tim hiéu vé cac phuong phép xtr Iy dit liéu giong noi;



* Nghién ctru phuong phap xay dung moé hinh hoc sau phan loai gidi tinh va
ving mién cia giong noi;
* Rén luyén phuong phap va kha nang nghién ctru.
4. P6i twong va pham vi nghién ciru

«  Déi twong nghién ctru: Tiéng ndi Tiéng Viét dugc thu trong mdi trudng co tap

am, da dang vé d¢ tudi, cdm xlic cia nguoi noi.

* Pham vi nghién ctru: M6 hinh phan loai gigi tinh (nam — nir) va ving mién

(bac — trung - nam) tir giong noi.
5. Phwong phap nghién ciru

Dua trén co s& 1y thuyét ciia xir 1y dit liéu giong ndi va cac phuong phap huin
luyén mo hinh hoc sau phan loai 4m thanh néi chung va giéi tinh - ving mién cta
giong ndi noi riéng.
Céu tric ndi dung luan vin gém 3 chuong véi cac ndi dung nhu sau:
Chuwong 1: Tong quan vé cic phwong phap phan loai Am thanh

Noi dung chuong 1 cta ludn vin s& trinh bay téng quan vé cac phuong phap
phéan loai 4m thanh img dung cac moé hinh hoc tir dir liéu, tir phuwong phap dung méo
hinh hoc may truyén thdng dén cac mé hinh hoc sau. Uu nhuge diém cua timg phuong
phap s& duoc phan tich dé lya chon ra phuong phap phu hop cho bai toan dang can
giai quyét.

Chuwong 2: Mot sé6 phwong phap vé phan loai Am thanh

Noi dung chwong 2 ctia luan vin sé trinh bay céc co so Iy thuyét lién quan dén
phuong phap sir dung mé hinh hoc sdu CNN trén dit liéu dang biéu dién tan s6 cia
am thanh. Cu thé, phan dau tién ctia chuong nay s& tom lugc cic mot vai phuong
phap chuyén di liéu Am thanh tir mién thoi gian sang mién tan sb dé thu dugc “anh
ctia Am thanh”. Tiép dén, mot s6 mo hinh hoc siu quan trong, thuong dung trong cac

bai toan phan loai hinh anh s€ dugc trinh bay.
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Chuong 3: Thuc nghiém va danh gia

No6i dung chuong 3 cua ludn van s€ trinh bay cac budc trién khai tién xu ly dix
li¢u va xay dung, huan luyén mo hinh ciing nhu cac budc hau xur 1y, sau cung la danh
gia do chinh xac cia mo hinh trén dir liéu moi.

Két luan.
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CHUONG 1: TONG QUAN VE CAC PHUONG PHAP
PHAN LOAI AM THANH

Tom tdt chwong: Chuong 1 trinh by tong quan vé cac phuong phap phéan loai 4m
thanh ing dung cac mo hinh hoc tur dir li€u, tr phwong phap dung mé hinh hoc may
truyén thong dén cac mé hinh hoc sdu. Uu nhugc diém cua ting phuong phap s& duge

phan tich dé lya chon ra phuwong phap pht hop cho bai toan dang can giai quyét.
1.1. M6 hinh hoc may truyén thong
1.1.1. Gidi thigu vé hoc mdy va cdc mé hinh hoc mdy truyén théng

Mot trong nhiing khac biét chinh gifra con nguoi va may tinh 1a con nguoi hoc
hoi tir nhitng kinh nghiém trong qua kh{r, nhung v&i may tinh hoic may moc can
duoc phai dugc thuc hién theo mdt quy trinh c6 san. May tinh 1a nhitng may logic
nghiém ngit véi ¥ nghia thong thuong. Dicu d6 c6 nghia 1a néu ching ta mudn may
lam diéu gi d6, ching ta phai cung cdp cho né nhitng quy trinh va cac huéng dan chi
tiét, timg budc vé chinh xac nhitng viéc can lam.

Vi vay, con nguoi da viét nén cac kich ban va 1ap trinh dé may tinh lam theo
cac hudng din va c6 kha ning tu hoc hoi. D6 1a cai cach ma hoc mdy ra doi. Khai
niém may hoc chinh xac 1a viéc may tinh hoc hoi tir dir li¢u trong qua khir va rat kinh

nghiém qua thoi gian.

Phén I&p Hoc khong gidm sat Phan cym

Hoc May
Machine Learning

Hoc c6 gidm sét

Hoc bén gidm sét

Phat hién gian ldn

Hinh 1.1: Phan loai cac thuat toan hoc may
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+« Phan loai hoc may

- Hoc may duoc giam sat (Supervised): day la cac thuat toan ap dung nhitng gi da
duoc hoc trong qué khir vao dir li¢u moi béng cach st dung cac vi du duoc ga"ln
nhéan dé du doan céc su kién trong tuong lai. Bit dau tir viée phan tich mot tap
dit liéu huan luyén da biét, thuat toan hoc tao ra mot ham duogc suy ra dé duara

du doan ve céc gia tri dau ra.

- Hoc may khong giam sat (Unsupervised): nguoc lai, thuat toan hoc may khong
giam sat dugc sir dung khi thong tin duoc sir dung dé dao tao khong duoc phan
loai ciing khong dugc dan nhan. Nghién ctiru hoc tip khong gidm sat lam thé nao
cac hé théng c6 thé suy ra mdt chirc nang dé mo ta mot cau trac an tir dir liéu

khong duoc gan nhan.

- Hoc may ban giam sat (Reinfocement): cac thuat toan hoc may dugc giam sat ban
nam ¢ dau dé giita hoc tap co giam sat va khong giam sét, vi chiing str dung ca
dir 11éu duoc gén nhan va khong nhan cho dao tao - thuong 1a mot lugng nho di
liéu duoc gén nhan va mot luong 16m dir liéu khong duoc gén nhan. Cac hé théng

stt dung phuong phap nay co thé cai thién dang ké do chinh xac trong hoc tip.
1.1.2. Gidi thi¢u mét so thudt todn hoc mdy cé gidm sdt

1.1.2.1. Phuong phép hoc c6 gidm sat st dung SVM (SVM- Support vector

machine)

Support Vector Machine (SVM) 1a mét thuat todn thuéc nhom Supervised
Learning (hoc c6 giam sat) dung dé phan chia dit liéu (Classification) thanh cac nhém
riéng biét.

Trong thuat toan nay, ching ta v& d6 thi dir liéu 1a cac diém trong n chiéu ( &
day n 1a s6 lugng cac tinh ning ban c6) véi gia tri cia mdi tinh ning s& 13 mot phan
lién két. Sau d6 ching ta thyc hién tim "dudng bay" (hyper-plane) phan chia cac 16p.
Hyper-plane né chi hiéu don gian 1a 1 dudng thang c6 thé phan chia cac 16p ra thanh

hai phan riéng biét.
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Support Vectors @

........
...........
.............

x
‘ Hinh 1.2: Mé hinh phén loai SVM
(Nguon: Tim hiéu vé Support Vector Machine (SVM) — Internet)

Support Vectors hiéu mot cach don gian 14 cac ddi tuong trén do thi toa do

quan sét, Support Vector Machine 1a mot bién gii dé chia hai 16p tot nhat.
1.1.2.2. Phuong phap hoc c6 giam sat st dung cay quyét dinh (Decision Tree)

Decision Tree- cdy quyét dinh 1a mot moé hinh duoc danh gia cao trong viée
phan 16p dir liéu, né bao gdm nhitng vu diém nhu: xay dung twrong dbi nhanh; don
gian, d& hiéu. Hon nita cac cy c6 thé d& dang duoc chuyén dbi sang cac cau 1énh
SQL dé c6 thé dugc st dung dé truy nhap co sé dit liéu mot cach hiéu qua. Cubi cung,
viéc phan 16p dua trén cay quyét dinh dat duogc su tuong tu va doi khi 1a chinh xac
hon so véi cac phuong phép phan 16p khac.

Biéu dd phat trién hinh cay cta cay quyét dinh gdm:
- Goc: 12 node trén cung cia cay;
- Node trong: biéu dién mot kiém tra trén mot thude tinh don;
- Nhénh: biéu dién cac két qua cta kiém tra trén node trong;
- Node 14: biéu dién 16p.

bé phan 16p mau dit liéu chua biét, gia tri cac thudc tinh cua mau duoc dua

vao kiém tra trén cay quyét dinh. Mdi mau twong tmg c6 mot dudng di tir gdc dén 1a

va 14 bi€u dién du doan gia tri phan 16p cua mau do.
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1.1.2.3. Phuong phap hoc c6 giam sat st dung rung ngau nhién (Random

Forest)

Random Forests — rimg ngau nhién 1a thuat todn hoc ¢6 giam sat (supervised
learning). N6 c6 thé duoc sir dung cho ca phan 16p va hoi quy. N6 ciing 1a thudt toan
linh hoat va d& sir dung nhat. Mot khu rimg bao gdm cdy cbi. Cang c6 nhiéu cay thi
rung cang manh. Random forests tao ra cay quyét dinh trén cac mau dit liéu dugc
chon ngau nhién, dugc du doan tir mdi cay va chon giai phap tot nhat bang cach bo

phiéu. N6 ciing cung cip mot chi bao kha tot vé tim quan trong cua tinh ning.

Random forests c6 nhiéu tmg dung, chang han nhu céng cu dé xuat, phan loai
hinh anh va lya chon tinh ning. N6 c6 thé dugc sir dung dé phén loai cac ing vién
cho vay trung thanh, x4c dinh hoat dong gian 1an va dy doan cac bénh. N6 nam & co

sO cua thudt todn Boruta, chon céc tinh nang quan trong trong tap dir li¢u.

Uu diém: Random forests duoc coi 1a mot phuong phap chinh x4c va manh
mé vi s6 cdy quyét dinh tham gia vao qua trinh nay. N6 khong bi van dé overfitting.
Ly do chinh 14 n6é mAt trung binh cua tit ca cac du doan, trong d6 huy bo nhitng thanh
kién. Thuat toan c6 thé dugc sir dung trong ca hai van dé phan loai va hoi quy.
Random forests ciing ¢ thé xir Iy cac gid tri con thiéu. C6 hai cach dé xu 1y cac gia
tri nay: sir dung cac gid tri trung binh dé thay thé cac bién lién tuc va tinh toan mirc
trung binh gan ké cta céc gia tri bi thiéu. Ban c6 thé nhan dugc tim quan trong cia
tinh nang twong di, giup chon cac tinh ning d6ng gop nhiéu nhét cho trinh phan loai.

Nhuwroe diém: Random forests cham tao du doan bai vi né c6 nhiéu cay quyét
dinh. Bat ctr khi ndo n6 dwa ra du doan, tit ca cac cdy trong rimg phai dua ra di doan
cho cung mot dau vao cho trude va sau do thuc hién bo phiéu trén do. Toan bd qua
trinh nay t6n thoi gian.

1.1.3. Gidi thigu vé cdc dic trung thii cong
Trude nam 2012, hau hét moi mo hinh AI déu duoc chia thanh 2 bude doc 1ap

tach ro1 nhau:
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Feature Engineering (Trich chon dic trung): 13 qua trinh dya trén nhitng hiéu
biét ctia con ngudi vé linh vuc can giai quyét (domain knowledge) dé tir d6 rat
ra nhitng dic trung (features) cua dataset ma c6 thé gitip ich cho viée giai quyét
van dé. Do d6 cac features ndy duoc goi 1a cac dic trung thu cong (lam tha
cong). Feature extractor 1a mot phan cua model dung dé trich xuit ra features
noi chung. Cac phuong phap thuong dugc st dung cho anh la SIFT (Scale
Invariant Feature Transform), SURF (Speeded-Up Robust Features), HOG
(Histogram of Oriented Gradients), LBP (Local Binary Pattern),...

Classifier/Regressor (Phan loai): ding cac thuat toan Machine Learning dé hoc
va dyu doan céc két qua tir nhitng features dugc tao ra ¢ bude trén. Cac Classifier
thuong duoc st dung 1a multi-class SVM, Softmax Regression, Discriminative

Dictionary Learning, Random Forest,...

Céc phuong phéap nay cho két qua kha 4n tuong trong mot s trudng hop. Tuy

nhién, chiing van con nhiéu han ché vi qua trinh tim ra cac features va cac classifier

phu hop van 1a riéng biét.

% Mot sb cac dic trung thi cong thong dung

SIFT (Scale Invariant Feature Transform)

SIFT 1a mgt feature descriptor dugc sir dung trong computer vision va
xtr 1y hinh anh dugc dung dé nhan dang ddi tuong, khép hinh anh, hay ap dung

cho céc bai toan phan loai...

Vi dau vao 1a mot hinh anh, si dung SIFT ta thu dugc cac tap cac dac
trung. Moi dbi tuong trong hinh anh sé& cho ra cac dic trung khac nhau. Ung véi
mdi keypoint ta s& thu dugc: toa do keypoint, scale va orientation cia keypoint,
descriptor. Ta phan bi¢t cac keypoint nay v&i nhau thong qua mot vector 128
chiéu hay con goi 1a descriptor. Cac descriptor nay duoc sir dung dé nhan dang

d6i twong hay str dung cho cac bai toan phan loai.

SURF (Speeded-Up Robust Features)
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Ciing gdm céc budc twong ty nhu SIFT nhung ¢ ting bude, SURF ¢
nhing cai thién dang ké dé cai thién téc d6 tinh toan ma vin dam bao do chinh
xac. SURF c¢6 tdc d6 xir Iy nhanh gip nhiéu 1an so véi SIFT.

- HOG (Histogram of Oriented Gradients)

HOG Ia moét feature descriptor dugc st dung trong computer vision va

xtr 1y hinh anh, dung dé nhan dién va mo ta hinh dang mot ddi tuong.

HOG tuong ty nhu cac biéu d6 edge orientation, scale-invariant feature
transform descriptors (nhu sift, surf, ...), shape contexts nhung hog dugc tinh
toan trén mot ludi day dic cac cell va chuan héa sy trong phan giita cac block

dé nang cao d6 chinh xAc.
1.2.  Cac mo hinh Hoc sau: RNN va CNN
1.2.1. RNN véi div liéu tin hiéu trén mién thoi gian

Mang no-ron hdi quy RNN (Recurrent Neural Network) duogc gidi thiéu boi
John Hopfield nam 1982, 1a m{t trong nhitng mo hinh hoc sau. Recurren c6 nghia la
thuc hién lap lai cung mot tic vu cho mdi thanh phén trong chudi. Trong do, két qua
dau ra tai thoi diém hién tai phu thudc vao két qua tinh toan cua cac thanh phan &
nhiing thoi diém trude do.

RNN 1la mdt mo6 hinh c6 tri nhé (memory), c6 kha nang nhé dugce thong tin da
tinh toan trudc d6. Khong nhu cac mo hinh Neural Network truyén thong trude d6 1a

thong tin dau vao (input) hoan toan doc lap voi thong tin dau ra (output).

Hau hét RNN duoc thiét ké nhu 1a mot chudi cac module dwgc lap di lap lai,
cac modun ndy thudng co ciu trac don gian chi c6 mot 16p mang tanh. Huén luyén
RNN tuong ty nhu huan luyén ANN truyén thong. Gia tri tai mdi output khong chi
phu thudc vao két qua tinh toan cua budc hién tai ma con phu thudc vao két qua tinh

toan cua cac budc trudce do.
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Hinh 1.3: Qua trinh xir ly thong tin trong mang RNN|[8]

RNN c¢6 kha ning biéu dién méi quan hé phuy thudc giita cac thanh phan trong
chudi (néu chudi dau vao co6 6 tir thi RNN s& dan ra thanh 6 layer, mdi layer ung voi
mdi tir, chi s6 mdi tir dugce danh tir 0 dén 5. Trong Hinh 1.1 & trén, x: la input tai thoi
diém thir t, st 13 hidden state (memory) tai thoi diém thé t, duoc tinh dya trén céc
hidden state trudc d6 két hop vé6i input ctia thoi diém hién tai voi cong thic:

S¢ = tanh (Uy, + W;,_.)

S¢_1 1a hidden state dugc khdi tao 1a 1 vector 0. Ot 12 output tai thoi diém thir

t, 1a mot vector chira xac xuat cua toan bd cac tir trong tir dién.
0, = softmax (Vs,)
Khong nhu ANN truyén thong, tai mdi layer can phai sir dung mot tham s

khac, RNNs chi sir dung mdt bd parameters (U, V, W) cho toan b cac budc.

Y tudng ban dau ciia RNN 1a két ndi nhitng thong tin truée d6 nham hd tro
cho cac xtr Iy hién tai. Nhung doi khi, chi can dua vao mot sb thong tin gén nhét dé
thuc hién tac vu hién tai. Vi dy, chung ta dy doan tir cudi cing trong cau
“chudn_chudn bay thap thi mua”, thi chiing ta khong can truy tim qua nhiéu tir trudc
d0, ta c6 thé doan ngay tir tiép theo sé& 1a “mua”. Trong truong hop nay, khoang cach
ti thong tin lién quan duoc rat ngin lai, mang RNN c6 thé hoc va sir dung cac thong

tin qua khtr.
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_ Hinh 1.4: RNN phu thugc short-term
(Nguon: Tim hiéu vé Recurrent Neural Network — Internet)

Truong hop c6 nhiéu thong tin hon trong mot cau, nghia 1a phu thudc vio ngir
canh. Vi du nhung khi du doan tir cudi cung trong doan vin ban “T4i sinh ra va Ién
1én & Viét Nam... T6i c6_thé néi thuan_thuc Tiéng_Viét.” Tir thong tin gan nhat
cho thiy rang tir tiép theo 1a tén mot ngdn ngit, nhung khi chung ta mudn biét cu thé
ngdn ngi ndo, thi can quay vé qua khir xa hon, dé tim dugc ngir canh Viét Nam. Va
nhu vay, RNN c6 thé phai tim nhitng thong tin c6 lién quan va sb luong cac diém d6
tré nén rat 16n.

Khoéng duge nhu mong doi, RNN khong thé hoc dé két ndi cac thong tin lai

vO1 nhau.

190 089

o s e ol

_ Hinh 1.5: RNN phu thudc long-term
(Nguon: Tim hiéu vé Recurrent Neural Network — Internet)
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V& 1y thuyét, RNN c6 thé nhé duoc thong tin cua chudi c6 chidu dai bat ki,
nhung trong thyc t& md hinh nay chi nhé dugc thong tin & vai bude trude do.

RNN c¢6 cac phién ban mé rong nhu: Bidirectional RNN (RNN hai chiéu),
Deep (Bidirectional) RNN, Long short-term memory networks (LSTM).
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1.2.2. CNN véi div ligu “Gnh ciia dm thanh” (dang biéu dién tin sé ciia am

thanh)

Nhitng nam gén day, chung ta da chung kién duoc nhiéu thanh tyu vuot bac
trong nganh thi gidc mdy tinh (Computer Vision). Cac hé théng xu 1y anh 16n nhu
Facebook, Google hay Amazon dd dua vao san pham cta minh nhitng chtc ning
thong minh nhu nhan dién khuén mit nguoi ding, phat trién xe hoi ty 1ai hay drone
giao hang ty dong, Convolutional Neural Network (CNN — Mang no-ron tich chap)
14 mét trong nhitng mo hinh Hoc sdu tién tién gitip cho chung ta xay dung dugc nhiing
hé théng thong minh v&i d§ chinh xac cao nhu hién nay. Tén goi cua mo hinh duoc
dua trén phép tinh quan trong dugc st dung trong mang do 1a Tich chap. Pay la mo
hinh Hoc su tién tiép giup ta xay dung dugc hé théng thong minh tién tién véi do

chinh xac cao.

« Convolution (Tich chép)

Phép tich chap dugc st dung dau tién trong xu 1y tin hiéu sé (Signal
processing). Nho vao nguyén 1y bién d6i thong tin c6 thé ap dung k¥ thuat nay vao
xtr 1y anh va video sb.

Pé dé hinh dung, ta co thé xem tich chdp nhu mét cira s6 truot (sliding

window) ap dat 1én mdt ma tran.

Image Convolved Feature
1/11/]1/0|0
oOj1|11(1|0 41314
Q-:l Oﬂﬂl ]'hl 1 1 2 4 3
Oﬂﬂl Oﬂ ]H]I 1 O 2
0[1,)1(0]0

Hinh 1.6: Minh hoa phép tich chép
(Nguon: Mang no-ron tich chdp - Internet)
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Ma tran bén trai 1a mot birc anh den tring. Mdi gia trj cia ma tran twong dwong
v6i mot diém anh (pixel), 0 13 mau den, 1 1a mau trang (néu 1a anh grayscale thi gia

tri bién thién tir 0 dén 255).

Sliding window con c6 tén goi 1a kernel, filter hay feature detector. O day, ta
dung mot ma trén filter 3x3 nhan timg thanh phan tuong tng (element-wise) véi ma
trdn anh bén trai. Gid tri dau ra do tich cta cac thanh phan ndy cong lai. Két qua cua
tich chap 1a mdt ma tran (convoled feature) sinh ra tir vi¢c trugt ma tran filter va thuc
hién tich chap cung luc 1€n toan by ma tran anh bén trai. Vi du ctia phép toan tich

chap nhu:

- Ta c6 thé 1am mo buc anh ban dau bang cach Iy gia tri trung binh cta cac
diém anh xung quanh cho vi tri diém anh trung tam.
- Ngoai ra, ta c6 thé phat hién bién canh bang cach tinh vi phan (d6 di biét) giita
cac diém anh lan can.
Bay gio, chiing ta di biét thé nao 1a tich chap. Tiép dén ching ta s& tim hiéu
vé CNNs, CNNs chi don gian gom nhiing layer cuia convolution két hop véi cac ham
kich hoat phi tuyén (nonlinear activation function) nhu ReLU, SoftMax hay Tanh dé

tao ra thong tin triru twong hon cho céc layer tiép theo.

Trong mod hinh nay, cac layer dugc lién két voi nhau thong qua co ché
convolution. Layer tiép theo 1a két qua convolution tir layer trudc d6, nhd vy ma ta

co duoc cac két noi cuc bo.

Mbi layer nhu vay dugc ap dit cac filter khac nhau, thong thuong c6 vai trim
dén vai nghin filter nhu vay. Mot so layer khac nhu pooling/subsampling layer dung
dé chit loc lai cac thong tin hiru ich hon (loai bé cac thong tin nhidu). Trong sudt qua
trinh hun luyén, CNNs s€ tu dong hoc dugc cac thong sb cho cac filter. Vi du trong
tac vu phan 16p anh, CNNs s& cb gang tim ra thong sb t6i wu cho cac filter twong tng
theo thir tw raw pixel > edges > shapes > facial > high-level features. Layer cudi cing

dugc dung dé phan 16p anh.
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Hinh 1.7: M ta qua trinh phén loai anh
(Nguon: Mang no-ron tich chdp - Internet)

Viéc xay dung 16p tich chap dua vao céc y tuong nhu sau:
e Két noi cuc bo

Trong qua trinh xi 1y dit liéu dau vao ¢ chiéu rong, chiéu cao nhu hinh anh,
viéc két ndi cac no-ron voi tit ca cac no-ron trong 16p trude d6 1a khong thuc té vi
kién tric mang khong tinh dén cau tric khong gian cua dit liéu. thay vao do, ching
ta s& thuc thi mot kicu két ndi cuc bo thua thdt giita cac no-ron cia céac 16p lién ké:

moi no-ron chi dugc két nd1 vd1 mot vung nhéd cua tin hi¢u dau vao.
e Sap xep khong gian

Trong phan nay do an s& giai thich rd hon vé s6 lwong no ron tin hiéu dau ra
va cach ching duogc sip xép. ba siéu duong kinh (heperparameters) kiém soat kich

thudce tin hiéu dau ra la: depth , stride va zero-padding.

Pau tién, gia tri cua depth 1a d§ sau cua tin hi¢u dau ra. bay la mot si€u tham
sb, no twong ung véi sb lugng bo loc mudn st dung. Depth (d¢ sau) kiém soat sb
lwong no ron trong mot 16p két ndi voi mot ving ciia tin hidu dau vao. Nhung no ron
nay hoc cac kich hoat cho céc dac trung khac nhau trong tin hi¢u dau vao.

Tiép theo, chiing ta phai xé4c dinh stride — tirc 1 budc tién chung ta truot filter
(b6 loc). Chang han véi stride bang 1, chung ta di chuyén cac b loc mot pixel mdi

lan.
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Dé kiém soat kich thude khong gian dau ra, ching ta st dung Zero-padding

tire 14 s& thém cac s6 0 vao cac duong bién ctia ma tran hinh anh.
e Ldp tong hop (Pooling Layer)

Bai bao [7] dinh nghia 16p Pooling str dung mot cira sb truot quét qua toan bo
ma tran dit liéu theo mot bude trugt cho trude dé tién hanh léy mau. Cu thé 13, Pooling
layer thyc hién chirc ning 1am giam chiéu khong gian cua dau ra mét 16p tich chap
trude khi cho n6 di vao mdt 16p tich chap khéac. Goi pooling size kich thudc K*K.
Input cta pooling layer c6 kich thuéc H¥*W*D, ta tdch ra lam D ma tran kich thudc
H*W. Vi mdi ma tran, trén ving kich thude K*K trén ma tran ta tim maximum hoéc
average cua dir liéu roi viét vao ma tran két qua. Quy tac vé stride va padding ap dung
nhu phép tinh convolution trén dnh da dugc trinh bay phia trén.

224x224x64
112x112x64

pool

| ;

o > downsampli 3 b
— P 2

224

Hinh 1.8: Mé ta 16p Pooling Layer
(Nguon: Tim hiéu ve Convolutional Neural Network - Internet)

C6 hai loai Pooling layer pho bién d6 12 max pooling va average pooling.

218 | 8 |12]
12|19|19 | 7
811014 | 3
; 18112 9 |10
15/ 9| - [21]2
12] 7 | 1810
Average Pooling Max Pooling

Hinh 1.9: Hinh anh mé ta hai loai Pooling
(Nguon: Tim hiéu vé Convolutional Neural Network - Internet)
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o Ldp két noi day dii (Fully Connected Layer — FC)

Bai bao [7] dinh nghia, 16p két nbi day dii 1a mot 16p gidng nhuw mang no ron
truyén thing cac gia tri dugc tinh toan dugc & cac 16p trude s& duoc lién két day du

V61 cac no ron & 16p tiép theo.

Tai 16p mang ndy, moi no ron cua layer nay s€ lién két vdi moi no ron cua 16p
khac. B¢ dua anh tir cac layer trude vao mang nay, budc phai flatten (Iam phang) birc
anh thanh mdt vector thay vi mang nhiéu chiéu. Tai layer cu6i cung s€ st dung ham

kich hoat phii hop véi yéu cau ciia bai toan.
1.3.  Cac mo hinh m6 hinh hgc sau cho phan loai hinh dnh
1.3.1. CAC mé hinh hoc séu tién tién

C6 mdt s6 kién tric mang no ron tich chap noi tiéng. Mot sd thir nghiém cho
thay chung c6 hiéu suét tot hon. Vi vay, doi khi nhiéu nguoi sir dung mang dugc thiét
ké sén thay vi tu thiét ké mang. O cac phﬁn sau luan van s€ gidi thi€u mdt vai mang

tich chap ndi tiéng va thong dung hién nay.

< AlexNet

2048 oag \dense

dense dense|

1000

128 Max
Max 138 Max pooling *
pooling pooling

Hinh 2.8: Kién tric mang AlexNet [13]

Alex da phat trién mang nay vao nam 2012. Cho téi thoi diém hién tai,
AlexNet van con dang dugce sir dung phd bién va rong rdi. Mang AlexNet c6 ndm 16p
chap va ba 16p két ndi day du. Cau trac trong AlexNet duoc chia thanh hai khoi.
Nguyén nhan vi tac gia di st dung hai GPU dé huan luyén dir liéu song song. Mang

nay duoc sir dung trong phén loai d6i twong quy mé 16n. Lép dau ra 6 mot nghin no
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ron. D6 14 boi vi kién trac ban dau duogc thiét ké dé phan loai mot nghin nhén. Thong

thuong, nhitng ngudi ap dung kién triic mang no ron AlexNet s& thay thé 16p cudi

cung, phu thudc vao muc dich ctia hg. Tac gia cua mang nay da lam nhiéu thtr nghiém

deé c6 thé ra dugc mo hinh nay c6 két qua tot nhat. Vi vay, hi€u suat ctia cau triic nay

rat on dinh va mang nay dugc str dung rong rai trong nhiéu ung dung

Duéi day 1a cac diém quan trong vé AlexNet:

4

Huén luyén man véi bo dir liéu ImageNet. Bo dit li¢u bao gém 15 triéu anh
duogc chu giai tir 22000 16p.

St dung ReLU cho ham nonlinearity (d¢ lam giam thoi gian huan luyén,
vi ReLU nhanh huon mdt vai 1an so v&i ham tanh).

St dung k¥ thuat ting dit liéu bao gém dich anh, phan xa ngang va chiét
Xuat ban va.

St dung 16p dropout dé xtr Iy van dé overfitting cho dir liéu huan luyén.
Huén luyén mé hunhf sir dung batch stochastic gradient descent.

Huan luyén trén 2 GPU GTX 580 trong 5-6 ngay.

% ZF Net

Vi su ndi bat ciia AlexNet nam 2012, d3 c6 rat nhiéu mo hinh CNN duge guri

dén cudc thi ILSVRC 2013. Mo hinh chién théng cudc thi nam do 1a mang dugc xay

dung boi Matthew Zeiler va Rob Fergus c6 tén 1a ZF Net véi 11.2% ti 16 16i. Kién

tric nay duge toi wu tot hon so véi kién tric ciia AlexNet nhu ting do chinh xac va

cai thién hiéu suat.

Duéi day 1a mot s6 dic diém vé mo hinh ZF Net:

Kién tric giéng vo1 AlexNet, ngoai trir mgt vai stra ddi nho

AlexNet huin luyén trén 15 triéu hinh anh, trong khi ZF Net chi huin luyén
trén 1,3 tri€u hinh anh.

Thay vi sir dung cac bo loc c6 kich thude 11x11 trong 16p dau tién (theo
AlexNet), ZF Net d4 str dung cac bd loc c¢6 kich thudc 7x7. Ly do dang sau

su thay doi nay 13 bo loc ¢ d6 16n nhé hon & 16p conv du tién s& gitip giir
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lai nhiéu diém anh cta dau vao hon. Bo loc voi d6 16m 11*11 d3 duoc
chtrng minh 13 bo qua rat nhiéu nhitng thong tin, dic biét 13 trong 16p conv
dau tién

e Khi mang phat trién, sb lugng bo loc duogc str dung tang 1én.

e Duoc huin luyén trén GPU GTX 580 trong mudi hai ngay.

ZF Net khong chi gianh chién thing trong cudc thi nim 2013, phuong phap
nay con cung cap kién thirc dé 1am viéc véi CNNs va mo ta mot vai cach dé ting
cudng hiéu suat. Cach mé ta méi khong chi gitip ta giai thich rd hon bén trong ciia

mang CNN, ma nd con cung cép cai nhin siu sic dé cai tién kién trac mang.
« GoogleNet (2015)

GoogleNet 1a mot mang no-ron tich chap 22 16p, chién thang cudc thi ILSVRC
2014 véi top 5 ti 16 13 1 6.7%. Pay 1a mot trong nhitng kién tric mang CNN di ra

khoi muc dich thong thuong cia viéc chong cac 16p conv va pooling.

Filter
concatenation

s i

1x1 convolutions

3x3 convolutions

5x5 convolutions

1x1 convolutions

)

)

1x1 convolutions

4

3x3 max pooling

\ 1x1 convolutions

Previous layer

,7_,_’————'4_’_’—-——’

Hinh 2.9: Kién tric mang GoogleNet [13]

Thong thuong, tai mdi 16p ConvNet truyén thdng, ta phai chon giita 16p
pooling hoic 16p conv. Mb hinh Inception cho phép ta thuc hién tit ca cac budc trén
song song nhau. Kién tric md hinh chira mot mang conv, mot 16p conv do 16n trung
binh, mot 16p conv 16n, va mot 16p pooling. Mang conv c6 kha nang tach ra cac chi

tiét nho, mang 5*5 c6 kha nang phu cac ving rong hon. Ta con sir dung 16p pooling



26

gitp gidm dg 16n dit li€u va xur 1y overfitting. Thém vao do, ta thém vao sau moi 16n
conv mdt 16p ReLUs, gitp cai tién tinh chat phi tuyén ctia mang. Vé co ban, mang co
kha nang thuc hi¢n cac chirc nang vdi cac budce tinh toan trén ma van gitt dugc kha

nang tinh toan tbt.
Duéi day 1a mot s6 dic diém vé mé hinh GoogleNet:

e S dung 9 m6 hinh Inception trong kién trac, véi tong hon 100 16p mang.

e Kién trac nay str dung mot ky thuat tén Average Pooling dé iy trung binh
cac 16p thugc tinh

e Su dung it tham s6 hon mang AlexNet dén 12 lan.

e GoogleNet 1a mot trong nhitng mé hinh dau tién gidi thiéu ¥ tuong cac 16p

CNN khéng can phai chong 1én nhau mot cach tuan tu.
« ResNet (2015)

ResNet (Residual Network) duoc gidi thidu dén cong chiing vao nam 2015 va
da gianh duogc vi tri thir 1 trong cudc thi ILSVRC 2015 véi ti 1€ 16i chi 3.57%. Mang
ResNet (R) 1a mot mang CNN duoc thiét ké dé lam viéc voi hang trim hodc hang
nghin 16p chép.

ResNet dua ra 1a sir dung két ndi "tit" dong nhat dé xuyén qua mot hay nhiéu 16p.

e ResNet gan nhu twong tu véi cic mang gdm cé convolution, pooling,

activation va fully connected. Anh bén trén hién thi khi du duoc st dung
trong mang. Xuét hién mot miii tén cong xudt phat tir dau va két thuc tai

cudi khéi du. Vi H(x) 1a gid tri du doan, F(x) 13 gia tri that (nhin), chung
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Hinh 2.10: Kién tric cac 16p ciia mang ResNet [13]

e ResNet sir dung cac két ndi tit (két ndi truc tiép dau vao cua 16p (n) voi
(n+x) duogc hién thi dang mili tén cong. Qua md hinh n6 chtrng minh dugc
c6 thé cai thién hiéu suat trong qua trinh training model khi mé hinh c¢6 hon

20 16p.



28

« DenseNet (2016)

DenseNet dugc phat minh béi Gao Huang, Zhuang Liu, Laurens van der
Maaten va Kilian Q. Weinberger. DenseNet rat gidng voi ResNet nhung c6 hai sy

thay d6i quan trong:

e Thay vi cong vao cac dic trung nhu trong ResNet, ho ndi chung véi nhau.

e Thay vi chi cong véi dau vao ctia mot 16p trude, DenseNet cong voi dau vao
ctia nhiéu 16p trude nd. N6i rd hon, trong ciu trac mang ResNet, tai 16p thir 1,
ta cong 16p thir (1-1) va 16p thir nhat. Trong mang DenseNet, tai 16p thit 1, ta
ndi tit ca cac dic trung tir 16p tha nhat t6i 16p thir (1-1).

e DenseNetl121 chi véi 8 triéu tham s nhung c6 do chinh x&c cao hon so véi
ResNet50 véi gﬁn 26 triéu tham s trén bo dir liéu ImageNet

e Ap dung BatchNormalization trudc khi thuc hién tich chap ¢ cac ting chuyén

ti€p nén giam duogc triét ti€u dao ham

' Prediction
§ Dense Block 1 v Dense Block 2 Dense Block J
1oz § e I ot

Hinh 2.11: Qua trinh nhan dién hinh anh sir dung Kién tric mang DenseNet [13]

< Phwong phdp hoc chuyén giao mang no-ron

Hoc chuyén tiép 1a mot phuong phap rat noi tiéng trong linh vuc xir Iy thi giac
may tinh vi v6i hoc chuyén tiép, thay vi phai bat dau qua trinh hoc tir dau, ta c6 thé

bat dau tir cac mau da dugc hoc khi gidi quyét cac van dé khac.

Trong linh vyc thi gidc may tinh, hoc chuyén tiép thudng sir dung cac mé hinh
duoc huin luyén san. M6 hinh huén luyén san 1a mé hinh duoc huén luyén trén mot
tap dir liéu 16n dé giai quyét mot van dé tuong ty nhu ci ma ta mudn giai quyét.
Thong thuong, ta s€ s dung cac moé hinh tir cac bai nghién ctru dugc cong khai (vi

du VGG, Inception, ...).
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Mot vai md hinh huin luyén san duoc st dung trong hoc chuyén tiép duoc dua
trén cac mang no-ron tich chap 16n, nhu di ban luan ¢ phan trude. Kién tric CNN

thong thudng c6 hai phan:

e Phan trich xuét dic trung, bao gdm céc 16p conv va pooling chdng 1én nhau.
Muc dich chinh 1a dé xuit ra cdc thudc tinh tir hinh anh.

e Phan phan loai, dugc tao thanh tir cac 16p lién két dﬁy du. Muc dich chinh cua

phan phén loai 1a d¢ phan loai hinh 4nh theo cac dic trung da dugc trich xuét.

Lép lién két day du 13 16p cac no-ron lién két hoan toan véi cac 16p dang trudc.

Mot mdt quan trong cua mod hinh hoc sau la n6 co thé tu dong hoc thir bac cAu

tric clia cac dic trung. Pidu ndy c6 nghia 13, dic trung duoc tinh toan béi cac 16p dau

tién 1a rat téng quat, co thé sur dung lai & cac mo hinh khéc, trong khi déac trung duoc

tao ra bdi 16p cudi cung la rat riéng va phu thudc vao bd dir liéu va nhiém vu.

Khi str dung md hinh huan luyén san cho nhiém vy méi, ta c6 thé loai bo 16p
phan loai cii va thay vao l6p méi, phu hop vé1 muc dich cua ta hon, va cudi cung can

can chinh lai m6 hinh theo mot tong hai phuong phap sau:

e Huén luyén lai toan bo mo hinh. Trong truong hop nay, ta st dung kién trac
ctia md hinh c6 sén va huan luyén n6 véi bo dit li€u méi. Cach nay can bo dit
liéu 16n va kha nang tinh toan cao.

e Chi huan luyén mot vai 16p. Nhic lai rang, cac 10p cap thap thudng la cac dic
trung chung chung (khong phu thudc vao van d¢), con cac 16p cap cao hon cho
ra cac dic trung rat riéng (phu thudc vao van dé can giai quyét). Thong thudng,
néu chung ta c6 mdt tap dir liéu nho va mét ) luong tham s6 16n, nhiéu 16p
nén dugc dong bang dé tranh tinh trang bi overfit. Nguoc lai, néu tap dir licu
16n va sb lugng tham s6 nho, md hinh c¢6 thé duoc cai thién béng cach huan

luyén nhiéu 16p hon cho nhi€ém vu mdi vi overfit khong phai la véan dé.

e Trong hoc may va hoc sau, thi transfer learning 1a k¥ thuat cho phép tan dung

nhitng gi minh hoc dugc tur tdp dir liéu/ ing dung/ kién trac nay sang tap dir
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liéu/tng dung/kién trac khac. Khac véi hoc may théng thuong, ting nhiém vu

s€ co mdt hé thong hoc riéng nhu & hinh vi du trén.
Tai sao nén dung Transfer Learning trong Hoc sau?

e Khong di dir liéu: DL can rat nhiéu dit lidu, va ngdn rat nhiéu tai nguyén dé
hoc trén tap dir liéu va ung dung do va viéc huin luyén DL trén tap dir ligu it
phan nhiéu 1 khong hiéu qua. Vay ngoai k¥ thuat data augmentation ( ki thut

str dung dé 1am tang s luong di liéu trong tap dit liéu huan luyén).

e Khong di tai nguyén: Viéc hoc trén tap dir liéu 16n rat ngdn nhiéu tai nguyén.

Transfer learning s& gop phan giam phan nao thoi lwong training.

e Cii thién chit lwong. Rat nhiéu truong hop transfer learning cai thién chat
luong du doan cua Target Task so voi viée train lai tir dau. Ly do c6 thé do
Source Network dugc train véi dit li€u 16n va hoc dugc tinh khai quat hoa tot

hon.

Transfer learning gitip giai quyét cadc van dé ma khong c6 dit li€u, cac van dé

méi chua duoc hoc trude do.
1.3. Két luan chwong 1

Trong chuong 1, ludn vin da tim hiéu dugc tong quan vé hoc may, gidi thiéu
mot sb thudt toan hoc may truyén thng ciing nhu tim hiéu vé cac mé hinh, ing dung
ctia cac mang Hoc sau nhu RNN&CNN. Trong chuong tiép theo, luan van s& nghién
ctru co s6 1y thuyét vé 4m thanh, phuong phap chuyén d6i tin hiéu 4m thanh tir mién
thoi gian sang mién tan sd tir 46 dua ra dugc “anh phd cta 4m thanh” va mot sb

phuong phap phan loai am thanh thuong dugc stir dung.
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CHUONG 2: MOT SO PHUONG PHAP PHAN LOAI AM
THANH

Tém tdt chwong: Trong chuong 2, luin vin trinh bay cac co sé 1y thuyét lién quan
dén phuong phép st dung mé hinh hoc sdu CNN trén dit liéu dang biéu dién tan sb
ctia am thanh. Cu thé, phan dau tién ctia chuong nay s& tom lwgce cac mot vai phuong
phap chuyén dit liéu 4m thanh tir mién thoi gian sang mién tan s6 dé thu dugc “anh
ctia Am thanh”. Tiép dén, mot s6 mo hinh hoc sau quan trong, thuong dung trong cac

bai toan phan loai hinh anh s€ dugc trinh bay.
2.1. Phwong phap tién xir 1y dir liéu 4m thanh
2.1.1. Short-time Fourier Transform

Short-time Fourier Transform 1 phép bién d6i Fourier thoi gian ngan (STFT),
n61 mgt cac don gian, STFT thyc hién cac ndi dung sau:
e Dinh nghia mot ctra s6 dé phan tich (vi du: hep 30ms, rong Sms);
e Dinh nghia mot lugng tring 1én nhau gitra cac ctra s6 (vi du: 30%);
e Dinh nghia ham ctra $0 (vi du: Hann, Gaussian);
e Tao ra phan doan ctra ) (nhéan tin hi¢u vé1 ham cura sé);
e Ap dung bién d6i Fourier thoi gian ngan v6i mdi phan doan cira so.

i |

|
A A ¢ 1.7 N, |’ i ' AR/
signal ANWWwW\awWILVRY 4 AN .-
6 B A 0'?!,',,|'q|’”‘\‘|. l'nlf
windows
WA
/.,'\' ‘l" "’
windowed s yalnagc
segments YWY
2
Y ‘l‘) W
- v
FFT

v

Hinh 2.1 Phép bién d6i Fourier tir mién thoi gian sang mién tan s6 [9]
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Trong x1r ly tin hi€u va théng ké, ham cira s6 1a mot ham toan hoc ¢ gia tri
bang khong, ngoai mot sd khoang da chon, ddi xing xung quanh tdm khoang thoi
gian va gan muc tdi da ¢ gitra va giam dan tir giita.

e Ham cura sb: trong cac ung dung dién hinh, ham ctra s6 duoc su dung 1a cac
duong cong "hinh chuong" khong dm, mugt ma. Hinh chit nhét, hinh tam giac
va cac chtrc nang khac cling co thé dugc sir dung. Cua s6 duoc chon dé danh

do6i chiéu rong thuy chinh cua n6 so vdi su suy gidm cuia cac thuy bén cua no.

P s | g b 1 Ebbmge e o Tl (el Ry e bt
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Hinh 2.2. Ham cira s6 [10]

Ham ctra s6 Hann va Hamming;:
2r(n — 1)
N, —1

win, ] = 0.5(1 — cos%))

wln,7] = 0.54 — 0.4cos
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Ly do cho viéc sir dung ham ctra s6 1a d€ lam giam anh huong cua ro ri pho va

ta dung bt ky ham lam thon nao dé 1am giam céc bién t6i khong.

.
R VAN
N N | ]

N

mdow

W

Vi vay, chung ta thuong mét mét s6 dir lidu, dé khic phuc, ta s€ chéng 50%

cua so khi xur ly.

Window
=
\

 overlap
Phép bién doi Fourier thoi gian ngan:

e Phép bién d6i Fourier thoi gian (DTFT): biéu thiic ctia bién ddi Fourier

X(jw) = f x(t)e /@dt
DTFT c6 thé dugc suy ra boi ly tich phan:
X(e/®) = Zx[n]e‘j‘ﬁ v6oi x[n] = x(nTs) va & = 2nF /F;
e Bién d6i Fourier phan tan (DFT): DFT thu dugc khi 1dy mau DTFT véi N tan

sO r01 rac wy, = 2mF /N cai ma cho ra bién doi:

N-1

X[k] = Z x[n]e_jZWnkn

n=0
e Bién do6i Fourier phan tan thoi gian ngan: Bién doi Fourier dang song giong

noi ctra sO dugc dinh nghia la:

(o]

X(n,w) = Z x[m]w[n — mle~/en

m=—oo

Véi f,[m] = x[m]w[n — w] 1a phan thoi gian ngin cta tin hiéu giong néi x[m] tai
thoi diém n.

e STFT roi rac: tuong d@)ng voi DTFT, STFT duoc dinh nghia béi
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X(n,k) = X(n, )|,
N
2.1.2. Spectrogram

Co6 thé lién tudng spectrogram 1 “bic tranh ctia 4m thanh”, vi mot cot biéu
dién nhirng tan s tao nén 4m thanh, tir thip dén cao trong khi cot con lai biéu dién
su thay ddi theo thoi gian. Néi don gian, spectrogram 1a nhitng tin hiéu 4m thanh
duoc biéu dién béi mot chudi cac vector quang phd.

Spectrogram dugc tao nén bdi cac budce sau:

e Chia tin hiéu thanh cac doan c6 d6 dai bang nhau. Cac phan doan phai dii ngan
dé dam bao tan s cua tin hiéu khong thay doi dang ké trong doan. Poan ¢
thé trung lap hodc khong.

e Nhan chip mbi doan v4i ham cira so dé tinh STFT.

Truyc x 14 tryc thoi gian (twong Gng voi thir tu cac frame), truc y thé hién dai

tan so tir 0 dén 10000 Hz, gia tri cuong do tai tirng tan s6 duoc thé hién béng mau séc.

i

|
|
E

Hinh 2.3: Spectrogram ciia 4m thanh
(Nguon: Tim hiéu vé xir Iy ngon ngir tw nhién Speeech To Text - Internet)
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_ Hinh 2.4: Spectrogram ciia 4m thanh Yes/No
(Nguon: Tim hiéu vé xu ly ngon ngir tw nhién Speeech To Text - Internet)

2.1.3. Ngdn hang bé loc va Mel-Frequency Cepstral Coefficients (MFCC)

MFCCs la mdt thudc tinh dugc stir dung rong rai trong nhén dang giong ndi va
noi ty dong. Thudc tinh nay dugc gidi thi¢u bdi Davis va Mermelstein trong nhitng
nam 1980 va n6 van rat tbt tir d6 dén nay.Trudc khi MFCCs dugc gioi thiéu, h¢ $6
Linear Prediction va hé s6 Linear Prediction Cepstral 12 nhitng thudc tinh chinh cho

viéc nhan dién giong doc tu dong.

Tinh toan ngan hang bd loc va MFCCs vé co ban 1a mot quy trinh, trong ca
hai truong hop, cadc ngan hang b loc dugc tinh toan va vdi mét vai budce bod sung, cO
thé thu dugc MECC. Néi don gian, tin hiéu di qua mét bd loc pre-emphasis, 101 duoc
cit thanh cac doan (d¢ 1én nhau) va ap dung ham ctra s6 cho tirng khung. Sau do,
chung ta st dung bién d6i Fourier cho timg khung va tinh quang phd cudng do va
ngan hang bo loc. Pé thu dugc MFCCs, bién doi cosin roi rac dugc ap dung cho ngan
hang b loc, chi giir lai mot s6 hé sd két qua trong khi phan con lai bi loai bo. Budc

cudi cung déu la chuan hoa.
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Hinh 2.5: Qua trinh phép bién d6i MFCC
e Pre-emphasis: budc dau tién dé ap dung bd loc pre-emphasis 1a khuéch dai cac
tan sd cao. Bo loc pre-emphasis hitu dung trong mot sé truong hop: (1) can
bang quang pho tan sd boi cac tan sd cao thudng c6 ning luong nhé hon céc
tan s thap. (2) tranh dugc cac 15i tinh toan khi dung bién doi Fourier va (3)
c6 thé nang cao ti 18 Signal-to-Noise (SNR). Bo loc pre-emphasis c6 thé duoc
ap dung cho tin hiéu x dung v&i bd loc bac mot:

y(t) =x(t) —ax(t—1)
Véi hé s6 bo loc a trong khoang 0.95-0.97

e Chia khung: sau khi dung b loc pre-emphasis, ching ta can chia tin hiéu thanh
cac phan bang nhau. Ly do ding sau viéc d6 1a céc tin hiéu thay ddi theo thoi
gian, do d6 trong nhiéu truong hop s& khong hop 1y khi dung bién d6i Fourier
trén toan bo tin hiéu vi n6 s& gy mat dir lidu. Pé tranh viéc do, chiing ta ¢o
thé gia dinh mot cach an toan rang cac tin sb trong tin hiéu 1a dimg yén trén
khoang thoi gian rat ngan. Do d6, khi sir dung bién d6i Fourier trén khoang
thoi gian ndy, chung ta co thé c6 duge mot gia tri gan dung cua cac dudng vién
tan s cua tin hiéu bang cach ndi cac khung lién ké. D6 16n ciia khung thuong
trong khoang 20ms-40ms v&i 50% (+/- 10%) doan trung nhau gitra cac khung
lién tiép.Thong thuong s& chon do 16n 25ms cho khung va 10ms tring nhau.

e Ham cira s6: Sau khi cét tin hiéu ra thanh tung doan, ta &p dung ham cura )
cho tung doan, vi du nhu ham Hamming. Ham ctra $0 Hamming c¢6 dang nhu

Sau.
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[n] = 0.54 — 0.46c05 (—
win] = 0. : cos(N_1

v61 0 <=n <=N-1, N la d6 dai ctra s6

)

e Bién doi Fourier va quang phd cong suit: ching ta c6 thé 4p dung N-diém FPT
trén ting doan dé tinh quang pho tan s, véi N thudng 14 256 hodc 512 va sau

d6 tinh toan quang phd cong suat véi phuong trinh sau:

_ f)
m_2595(1+700

_m_
f =700 (102555 — 1)
M&i b loc trong ngan hang bo loc 1a mot hinh tam giac tra vé 1 ¢ tan sd trung
tam va giam dan vé 0 t6i khi n6 tién dén tan s trung tdm ctia hai bo loc lién ké, noi

ma nod co gia tri 0. Vi du & hinh dudi
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Hinh 2.6: Minh hoa cho ngian hang b loc MFCC [15]

B0 loc c6 thé duoc bicu dién bdi ham sau:

0,k 1
) = 77— 1) sl 1,k
f(m)—f(m—l)'f(m—l)gksf(m)
B 0,k >f(m+1)

e MFCC: chiing ta c6 thé ap dung bién dbi Cosine rdi rac (DCT) dé biéu dién
nén ctia bo loc ngan hang. Thong thuong, ddi véi nhan dang giong néi ty dong

(ASR), két qua la hé ) cepstral 2-13 duoc gitr lai va ph?m con lai bi loai bo.
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Hinh 2.7: Phép bién déi Cosine roi rac
(Nguon:Tim hiéu vé phép bién doi Cosine — Internet)

e Chuan hoa trung binh: Nhu d3 néi & trén, dé can bang giita quang phd va ti 16
tin hiéu — nhiéu (Signal-to-Noise), ching ta c6 thé trir di trung binh giita cac
hé sb trong tat ca cac khung.

2.3. Giai phap thwong 4p dung dé xdy dung mé hinh phén loai &m thanh
2.3.1. Phwong phdp sir dung hoc mdy truyén thong
% M0 hinh
C6 kha nhiéu thuat toan hoc méy truyén thong nhu: Logistic Regression,
Support Vector Machine, K-Nearest Neighbor, ... dwoc huin luyén trén cac dic trung
duoc trich xudt tir tin hiéu 4m thanh. Pac trung tir am thanh s€ dugc trich xudt thanh
c4c vector s6 khac nhau theo s6 chiéu nhéat dinh. Trich xuat dic trung 14 qua trinh rat
quan trong, bédi mo hinh khong thé hiéu duoc dit lidu truc tiép tur cac t€p am thanh.
Qua trinh thyc thién xay dung mo hinh phan loai am thanh dua trén hoc may

truyén thong dugc mo ta nhu hinh duéi day:

Tién xr I File gesnine
File Am Thanh » y’ P Extract Feature » Learning P  Predictions
(Fix kich thudc) (SVM,)

Co6 rat nhiéu cac dic trung cé thé duoc st dung dé mo ta dix liéu Am thanh, tuy
nhién, trong pham vi ctia bai luan nay, cac dac trung sé khong duoc li¢t ke va giai thich

rd rang hét tat ca. Dudi day 1a mot s6 dat trung quan trong duoc sir dung rong rai:
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Céc dic trung thong ké: tin sd trung binh, d6 1éch chuan cua tan sb, tan sb
trung vi, 6 1éch, entropy ctia phd, d6 phang ctia phd, mode cta tan sd, centroid
cla tan sé,

Cac dic trung vé quang phé: BarkBands, MelBands, ERBBands, MFCC,
GFCC, LPC, HFC, tuong phan pho, ...

Mo ta tong cua am thanh: ham cao do, FFT am d¢, HPCP, tan sb 1én day
(Tuning Frequency), phat hién hgp am (Chords Detection), ...

Céc dic trung mién thoi gian: ZCR, d6 to, khoang thoi gian hiéu qua (Effective
Duration), ...

Pic trung vé nhip diéu: Beat Tracker Degara, Beat Tracker MultiFeature,
Novelty Curve, Onset Detection, Onsets, ...

bac trung SFX: LogAttackTime, MaxToTotal, MinToTotal.

% Ddnh gid

Phuong phap tiép can bang hoc may co ban kho sir dung, bdi cac phuong phap

nay rat ton tai nguyén cho budc trich xuét dic trung va cac dic trung nay rat nhay

cam v&i do nhiéu cua dir liéu am thanh.

2.3.2. Phwong phdp sir dung bé nhé dai ngin han (LSTM) vdi tin hiéu thé

% MO0 hinh

Céc kién trac LSTM thong thuong kha tdt cho viéc phat hién ra cac dic diém

trong cac tin hiéu, do d6 phuong phéap nay cé thé dugc dung dé tao mé hinh hoc may

cho tin hiéu 4m thanh lién tuc trén mién thoi gian.

() OO )

T T 1 1

—>| LSTM

5 s & 4

LSTM 2 LSTM > LSTM
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Hinh 2.12: M6 hinh hoat dong LSTM [11]

M0t cach cu thé, mot tin hiéu Am thanh c6 thé duge chia ra thanh céac phén trén
mién thoi gian, mdi phan 1a mang mot chiéu c6 do dai c¢b dinh, c6 thé thém phan dém
néu khong du d6 dai. Gio ddy, mdi tin hiéu 4m thanh c6 thé dugc hiéu 1a mot chudi
cac vecto phan doan, cac vecto nay sau d6 dugc cp cho LSTM dé mo hinh c6 thé

Xuét ra mot vecto tom tat cho toan bd 4m thanh.
s Ddnh gia

LSTM tré nén pho bién vi co thé giai quyét van dé mat mat gradient. Nhung
thue té, LSTM khong thé xtr Iy van dé nay mot cach hoan hao. Van dé nam & chd, dix
liéu dau vao van phai di chuyén tir cell nay sang cell khac trong qué trinh tinh toan.
Hon nita, m6 hinh s& tré' nén kha phtrc tap véi viée bo sung thém cac dic trung (ching

han nhu céng quén — forget gate).

LSTM doi hoi nhiéu tai nguyén, thoi gian dé duoc huan luyén va trd nén sin
sang cho cac ung dung trong thé gidi thuc. Vé mat ki thuat, LSTM can bang thong
bd nhé cao do cac 16p tuyén tinh hién dién trong mdi 6 ma hé théng thudng khong

cung cap duoc.

LSTM bi anh hudng bdi cac lan khoi tao trong ) ngau nhién khac nhau va do
d6 hoat dong kha giéng voi mang no-ron truyén thang (feed — forward).

Cac LSTM dé bi overfitting va rat kho ap dung thuat toan drop out dé giai
quyét van dé nay.
2.3.3. Phuwong phdp sir dung CNN véi cdc dic trung vé tin so
% M6 hinh

Theo cach tiép can nay, dir liéu Am thanh s€ dugc trich xuat thanh céc dic trung
dua trén tan sb nhu MFCC, biéu d6 pho log-mel nhu di thao luan trong Chuong 1.
Sau d0, cac dic trung nay c6 thé dugc dién giai dudi dang hinh anh va cé thé duoc

dua vao cac mo hinh CNN.
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Convolutions Subsampling Convoiutions Subsampiing Fully connected
Hinh 2.13: Anh ciia Am thanh qua mé hinh CNN [7]

Dé duoc dua vao cac mo hinh CNN, cac dic trung dua trén tan s ¢6 thé duge
giit nguyén dudi dang mang 2 chiéu, hoic dugc chuyén dbi sang mang 3 chiéu dé cac
mo hinh CNN ¢6 thé xem chung dudi dang hinh anh 3 kénh. C6 mot s6 cach pho bién
dé hoan thanh nhiém vu nay, cach thong thuong 12 1ap lai timg phén tir, tiép theo 1a
cac budce chuan hoa (cac gia tri s& nam trong khoang [0, 255]); sir dung thu vién cua
bén tht ba (vi du: python matplotlib) dé chuyén doi va luu chung vao dia dudi dang

anh mau.

Vé kién trac mang s& dugc sir dung, ching ta c6 thé tao mot mang CNN cua
riéng minh hodc st dung kién tric CNN hién dai nhu VGG, ResNet, Inception, v.v.
Cac mo hinh nay c6 thé dugc tinh chinh trong s ImageNet dé hoi tu nhanh hon.

Néu chuyén déi cac dic trung dura trén tan sé thanh "hinh anh mau", chung ta
c6 thé sir dung cac k¥ thuat nang cao thuong duoc ap dung cho hinh anh binh thuong
chéng han nhu 14t ngang hoac 14t doc, cit ngau nhién, thém nhiéu phu gia tréng, biéu
dd chuén hoa dic trung, ...
s Ddnh gia

Mang no-ron tich chap thudng duoc sir dung dé phan loai hinh anh, ching

thuong xir 1y dir liéu nhiéu chiéu (hinh anh). Mic du cau tric ciia ConvNet nham muc
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dich gidam thiéu su overfitting, mot lugng 16n dit liéu van 1a diéu can thiét dé cho mot

mang CNN hoat dong hi¢u qua.

Vi vay, luin vin lya chon phwong phap st dung CNN véi cac dic trung vé

tan s6 dé xdy dung mo hinh.
2.4. Két luan chwong 2

Trong chuong 2, luan van da giéi thiéu tong quat co so 1y thuyét va cac dic
trung co ban cua am thanh trong cac phuong phap phan loai &m thanh. Pua ra dugc
khai niém “anh chup ctia 4m thanh” bang cac phép bién ddi tir mién am thanh (lién
tuc) sang mién tan sd (rdi rac). Pua ra huéng giai quyét chuyén tir phan loai 4m thanh
sang phan loai hinh anh tng dung cac kién trac mang hoc sau tién tién hién nay.
Ngoai ra ndi dung chuong ciing da nghién ctru va dé cip phuong phap hoc chuyén

tiép, dua ra nhung diém uu viét ciia phuong phéap nay.

Noi dung cubi cuia chuong, tac gia da thuc hién so sanh cac phuong phap tiép
can khac nhau dé giai quyét bai toan mo hinh phan loai gidi tinh ving mién. Trén co
so cac két qua da dat duoc cia chwong 2, trong chuong tiép theo luan vin sé tién
hanh thyc nghiém xiy duyng mo hinh phén loai gidi tinh va ving mién Gmg dung

phuong phap hoc chuyén tiép dua trén kién triic DenseNet, ResNet.
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CHUONG 3: THUC NGHIEM VA PANH GIA

Toém tit chuong: Trong chwong 3, luan vin s& trinh bay cac budc trién khai tién
xtr 1y dit liéu va x4y dung, hudn luyén mé hinh ciing nhu cac budc tinh chinh xir 1y
sau khi xay dung mo hinh, sau cung la danh gia d¢ chinh xac cua mo hinh trén dix
liéu moi.

C6 rét nhiéu cach dé giai quyét nhiém vu phan loai 4m thanh, chung khac nhau

& cach tin hiéu Am thanh duoc dién giai va cac dic trung duoc trich xuét, cac mo hinh
duoc hudn luyén tir cac didc trung nay, tir cac mo hinh hoc may truyén thong dén céac
mé hinh hoc sau véi cac loai kién tric khac nhau. Trong phan ndy, trudc tién ta sé
thao luan vé ba cach tiép can chinh d6i véi cac nhiém vu phan loai am thanh, mdi
cach ¢6 vu diém va nhuoc diém khéac nhau khi duge ap dung. Sau do, thyc hién phan
tich khai thac dir liéu dé chi ra cac thach thirc gip phai, tir d6 dua ra cac phuong
huéng dé giai quyét khi xay dung mé hinh nhan dang am thanh

3.1. Gi6i thiéu vé bd dir liéu Am thanh

Pé xay dung mot hé théng c6 thé phan loai gidi tinh va giong ctia ngudi noi
nhu dé xuat, ta sé sir dung tap dir liéu giong néi tir Zalo Al Challenges. Tap dit liéu
nay chira 2 thu muc - "train", chtta 6 thu muc véi cac t¢p am thanh bén trong tuong
ung véi mdt trong 6 16p “female central”, “female north”, ..., “male south”; va
"test", cling chira cac tap tin am thanh. Tap dir liéu ciling c¢6 thém mot tép csv co 2

A

cot.

e “train”: chtra 6 thu muc “female central”, “female _north”, ..., "male_south";

mdi tép chira cac tép am thanh twong tmg véi 16p.

e “public test”: chira cac t€p am thanh.

e “public test gt.csv”: chura 2 cot, “id” - tén tép trong public_test, “gender”: “0”
(ntr) hoac “1” (nam), “accent”: “0” (Béc), “1” (Trung), “2” (Nam).
Dt li¢u trong tap “train” s€ dugc st dung dé huan luyén mo hinh va dir liéu

trong tap “public_test” s& duoc sir dung dé danh gia mé hinh.
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Céc tép 4m thanh trong tap dir liéu c6 3 dinh dang: .wav, amr va .mp3 c6 thé
thay doi theo d6 dai - cac tép trong ‘female central’ chii yéu dai 3 gidy véi tép dai
nhit 1a 19 gidy. Trong khi d0, cac tép & cac 16p khac dao dong tir dudi 1 gidy dén hon
200 gidy hoac tham chi 500 giay nhu trong “female south”.

Mot van dé cua tap dir li€u nay la n6 rat mat can bang. D li¢u 16p
‘male_south’ 16n hon gan 4 1an so vai 16p cdc mau "female central". Sy mat can bang

nay co thé dugc nhin thiy trong biéu d6 dudi day

0 1000 2000 3000 4000 5000 6000

B male south m male north male central

B female south W femalenorth Mfemale central

Hinh 3.1: S$6 lwgng phan bd cia dir li¢u trong tip miu
Céc tép am thanh dugc ghi lai trong méi truong khong duoc kiém soat, tirc 1a
ching c6 kha niang chta tiéng on xung quanh va ngudi néi khac nhau vé do tudi, cam
xuc, v.v. Mdi ngudi ndi ¢6 thé c6 nhidu tép va theo quan sat, ID ngudi ndi c6 thé
dugc suy ra tir tén tép vi tén tép chi yéu ¢ dang: [ID] _ [thi tu khoang thoi gian], rat

c6 thé mot s tép bi cat (ngiu nhién) tir mot cing mot Am thanh ctia mot nguoi.
Trong vi du dudi ddy, 7 tép déu 1a ctia ngudi ¢6 ID “22da88321475487

8af2101120bbfb2ee_ IWbAHVYAXI_160-181".
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®| 22da883214754878af2101120bbfb2ee_ IWbAHVYAXI_160-181_0
®| 22da883214754878af2101120bbfb2ee_ IWbAHVYAXI_160-181_1
®| 22da883214754878af2101120bbfb2ee_ IWbAHVYAXI_160-181_2
W 22daB83214/548/8at2101120bbtblee_ IWbAHVYAXI_160-181_3
©| 22da883214754878af2101120bbfb2ee_ IWbAHVYAXI_160-181_4
@ 22da883214754878af2101120bbfb2ee_ IWbAHVYAXI_160-181_5
®| 22da883214754878af2101120bbfb2ee_ IWbAHVYAXI_160-181_6

Hinh 3.2: Hinh anh dir liéu ciia cung mét ngudi co trong “female_central”
Sau khi phan tich dit liéu dau vao, co thé thdy nhiing van dé can phai d6i mat

khi str dung tap dir li€u nay:

e Dbi véi mdi tép, khong thé sir dung toan bo d6 dai dé chuyén doi thanh " hinh
anh cia tan s6" boi vi chung c6 do dai rat khac nhau, va rd rang 1a khong nén
phan rd mot tép am thanh dai mudi phut tir mién thoi gian thanh cac thanh
phan tan s ctia n6. Hon nita, néu chi cit ngdu nhién mot khoang thoi gian co
d6 dai c6 dinh tir mot tép thi s& thé khong sir dung tot nhat tap dit lidu.

e Sy mat can bang gitta cac 16p dit liéu co thé anh hudng téi qua trinh hoc va
hiéu suét ctia md hinh.

e M5 hinh dugc huin luyén phai 1a md hinh khong phu thudc ngudi néi, tic 1a
mo hinh co thé du doan chinh x4c giong noi ctia ngudi ma mé hinh chua bao
gio duoc nghe trude ddy. Viée tach ngiu nhién sé khong hoat dong vi cac mau
tir cling mot ngudi ndi cd thé xuat hién trong ca tap huan luyén va danh gia,
mo6 hinh ¢6 xu hudng phat hién ra cac dac trung danh riéng cho nguoi noi do,
trong khi mé hinh can dugc khai quat tot hon. Do d6, cach danh gid mé hinh
phu hop 1a chia theo id cia ngudi nodi.

e Dit liéu public_test 1a kha mat can bang 16p va dit liéu x4c thyc cling nhu vy,
nén thang do d6 chinh xac c6 thé khéng c6 nhiéu y nghia. Diém Micro F1 s&
duogc sir dung thay vi thang do do chinh xac vi diém Micro F1 ¢ xét dén sy

mat can bang 16p trong dit liéu dugc sir dung dé danh gia cac mo hinh.
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3.2. Kich ban xdy dung mé hinh phén loai gi6i tinh viing mién

Diéu dau tién can lam 14 thiét 1ap mot chién luge danh gia phu hop. Di véi
mdi 16p, danh sach id ngudi néi duoc 14y va chia theo ty 16 8:2, dbi véi tap dir liéu
huan luyén, két qua s& xac thuc bang cach ldy cac tap twong tmg voi mdi nguoi noi.
Lam nhu vy, c6 thé dam béao rang cac tép 4m thanh ctia mot ngudi nodi chi xuat hién
trong mot trong cac tdp: hudn luyén hodc xac thuc. Hinh sau trinh bay téng quan vé

cac budc trong phuong an vira dugc dé xuat:

Chia di¥ liéu thanh
Di liéu am nhiéu phin manh
thanh khac nhau trén

truc théi gian

Tang lwrong dif Bién doi duoi

liéu trén mién thoi dang quang
i } phé log-mel va luu
gian

lai thanh anh mau

W

W

h J

Danh gia dwa trén 3n cla ca : X ly hau ky: chi
2 g. ' . Duﬁdoar! cua cac Huén luyén mé I:”' :au \’r cfl.
diém micro-F1, d& phin manh dwoc hinh CNN mot phin cua moi
chinh xac gop lai " l&p dwoe lwa chon

F Y

F

Hinh 3.3: Qua trinh xay dung mé hinh
Céc tép am thanh gbc duoc chia thanh nhiéu phan khac nhau trén truc thoi
gian. Céac k¥ thuat dé tang luong dit lidu trén mién thoi gian nhu thay doi tc do, tron

tiéng 6n cho céac tép am thanh cua cac 16p co it dit lidu s& duoc ap dung.

C4c tép am thanh sau khi dugc phan manh s& duoc bién d6i dudi dang quang
phd log-mel va duogc luu lai thanh anh mau. Cac bude xir Iy nay s& duoc dugc ap

dung cho tap huén luyén, tap kiém tht va tap danh gia.

Trudc khi huan luyén md hinh véi cac hinh anh nay, xir Iy hau ky dugc thuc
hién trén cac 16p st dung d€ huan luyén dir liéu, muc dich 1a dé 1am can bang dir li¢u.
D6i véi mdi 16p, chi mdt phan cua tap dit liéu duoc lya chon. Diéu nay giup can bang

s0 lugng cua céc dir liéu da dugc xtr Iy & moi 16p va ¢d cang nhiéu dir li€u cang tot.
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Sau khi m6 hinh CNN dugc huin luyén trén tap cac hinh anh cia am thanh,

du doan cua cac phﬁn bi phan manh s& dugc gdp lai thanh dy doan cho ca t¢p am

thanh. Diém micro F1 va do chinh xac duoc tinh toan trén nhitng du doan gop nay.

3.2.1. Tién xir Iy di¥ ligu va trich xudt dic trung

Trong phan nay, quy trinh tién xt 1y dwgc 4p dung cho dit liéu huan luyén,

kiém thtr va danh gia nhu da dé cap o trén s& dugc trinh bay chi tiét.

e T¢p dit li€u duoc chia thanh cac phén trén truc thoi gian:

Ting tép 4m thanh v&i thoi gian ngau nhién dugc chia thanh cac phan voi
thoi luong 1.5 gidy (phan sau dé 1én 50% véi phan trude cho 16p véi it dir
ligu “female_central”).

Véi cac 16p c6 it dir liéu, bat dau bang viéc chia & cac diém ngiu nhién, vi
du, khoang giita 0-2 gidy va ding lai & diém cudi tryc thoi gian. Tuy nhién,
d6i v6i cac 10p c6 nhiéu dir liéu nhat 13 “male_south”,chi st dung 3 gidy

dé chia phan.

Dé dang nhan thiy sau khi thuc hién nhu trén, mot luong 16n céc dir liéu
s€ dugc thu thép, trong khi van sir dung duoc nhiéu nhat dit liéu sin co.
Néu tép c6 do dai hon 1 phut, chi 1dy mAu ngau nhién véi khoang thoi gian
1.5 gidy va s& 1am mat rat nhiéu thong tin. Néu khoang thoi gian d6 phan

16m 14 im lang thi n6 s€ khong mang dugc y nghia.

e Ting luong dit liéu trén mién thoi gian:

Budc nay chi duge ap dung cho 16p “female central” vi c6 it dit li€u

nhat. Ap dung thay ddi tbc d6 (giam hoic ting) cta nguoi ndi va thém tiéng

on cho cac phan nay. Phan dit liéu ting thém nay khong chi gitp véi viéc thing

thém mot luong dit liéu cho 16p (giup giam khoang cach s6 lwong dir lidu so

v6i cac 16p khac) ma nd con gitip mé hinh tong quét hoa tét hon, giap mo hinh

hoc duogc cac dac tinh téng quat nhu 1a m6 hinh s€ khong bi nham 14n khi
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nguoi noi voi tbc d6 nhanh hodc cham hon thong thuong hodc 1a c6 nhiéu &
moi truong.
e Bién doi cac phan am thanh thanh quang phd log-mel véi cdu hinh nhu sau:

Bing 3.1: Cac thong sb sir dung trong phép bién d6i Am thanh

Sampling rate 8000 Hz

Manimum frequency | 20 Hz

Maximum frequency | 4000 Hz

Mel bands 224
Hop length 256
FFT window size 1024

Viéc 1ay mau c4 file 4m thanh & tan s6 8000 Hz 1a rit quan tron boi hé thong
cta ta 1am viéc voi tin hiéu GSM (dugc 1ay mau 6 tan sb 8000 Hz). Ta khong thé 1ay
mau tin hiéu GSM & tan sd cao hon 8000 Hz, bdi vi n6 s& 1am thay ddi tan s6 thanh

phan va lam chung thay d6i thanh giong khéac han.

Sau do, cac quang phé log-mel dugc luu lai thanh cac hinh anh, 1am nhu vay,
ta c6 quang pho tir hinh anh mot kénh chuyén thanh hinh anh ba kénh.

Duéi day 1a vi du cho quang pho log-mel nhan duoc tir cac phan 4m thanh sau

khi dugc ap dung tang luong dit liéu trén mién thoi gian:

Hinh 3.4: Anh chup phé ciia 4m thanh géc (bén trai) va anh cia am thanh sau khi
thém nhieu (bén phai)
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Sau qué trinh xtr 1y hau ky, s6 lwong cac tép hinh anh ctia mdi 16p nhu sau:

e “female central”: 7914 tép hinh anh
e “female north”: 8708 tép hinh 4nh
e “female south”: 8331 t&p hinh anh
e “male central”: 6872 tép hinh anh

e “male north”: 8589 t€p hinh anh

e “male south”: 8725 tép hinh anh

C6 thé quan sat duoc rang sd luong dir 1iéu huan luyén di ting 1én 7 1an so véi

nguyén ban va lugng dit liéu da can bang hon.
3.2.2. Lam giau nguon di liéu

Néi chung, trong céc tic vu phan loai hinh anh, ting cuong dir liéu tryc tuyén
dugc ap dung trong qua trinh huin luyén, n6 c6 thé mang lai loi ich cho qué trinh
huan luyén vi néu dugc 4p dung ding cach, nod sé& lam cho dit liéu huan luyén hoi
khac nhau tir vong nay qua vong lap khac, do d6, mo hinh la bing cach nao do "buoc"
phai hoc cac md hinh tong quat nhat cho muc tiéu, mot cach hiéu qua giam overfit.
Vi bai toan bay gio c6 thé duogc coi 1a nhiém vu phén loai hinh anh, dit liéu nén duoc

tang cuong.

Trong thoi gian huén luyén, lam mo Gaussian, chuan hoa do twong phan, lam
sdc nét da dugc ap dung cho dir liéu huan luyén. Trong mdi vong lap, chi mot trong
cac phuong phép gia ting nay duoc sir dung. Trong thoi gian suy luan, chi Gaussian

Blur va Sharpen duoc 4p dung cho dit liéu dau vao.
3.2.3. Kién tritic mang dp dung trong mé hinh

Céc kién trac mang no-ron duoc trinh bay trong hinh 3.8. Lép dau vao voi
hinh anh co6 kich thudc (224, 224, 3) dugc theo sau bdi mot 16p chuan hoa hang loat

(batch normalization).
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Batch normalization gitip ting toc d6 hudn luyén, giam sé luong epoch xudng
gan mot nira. Batch normalization ciing giup chuan hoa dit lidu dau vao, giam 15i cua
m6 hinh. Dau vao ctia mdi 16p co thé thay ddi sau nhitng 14n thay doi trong sb. Trung
binh va phuong sai ciia ddu vao sé& thay dbi trong qué trinh mé hinh hoc, vi thé sir
dung mot 16p batch normalization ngay sau 1op dau vao sé& hitu dung khi ma khong

can thiét phai tinh lai hai thong sb nay sau mdi 16.

Phuong phap hoc chuyén tiép (transfer learning) s& duoc ap dung. Huén luyén
mot mo hinh hoc sau can rat nhiéu dir liéu va tai nguyén. Vay nén ngoai ki thuat ting
cudng dir lidu, hoc chuyén tiép 1a mot giai phap cho bai toan nay. Mot sb kién trac
CNN hién dai da duogc thir nghiém lam mé hinh co s6, vi du nhu DenseNetl69,
ResNet50.

Input (224, 224, @
Batch normalization

!

Base model (either
DenseNet169 or
ResNet50)

v

GlobalAveragePooling2D

L

Dense(256, "relu")

Li

Dropout(0.25)

v

Dense(6, "softmax")

Hinh 3.5: Kién triic mang hoc sau dé phén loai Am thanh dé xuét
Mot van dé xay ra khi xdy dung mang CNN véi nhiéu 16p chap s& xay ra hién
tugng Vanishing Gradient dan t6i qua trinh hoc tap khong tot, mang ResNet s& gitp

giai quyét van dé nay.
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DenseNet cling dugc lya chon trong qua trinh thir nghi€ém vi DenseNet str dung
lwong tham s chi bang mot nira so v&i Resnet nhuung c6 do chinh xéac trén ImageNet
twong dong. DenseNet c¢6 kha ning tranh bi overfitting hiéu qua va giam duoc

Vanishing Gradient.

Ba 16p trén cing ciia mang co s6 s& duge thay thé 1an luot bang cac 16p Global
Average Pooling 2D, 16p dense voi ReLU lam ham kich hoat, 16p dropout véi xac

suat 0,25 va cudi cuing mot 16p dense véi ham kich hoat softmax.

Global Average Pooling 2D giéng v&i ciu tric tich chap. Global Average
Pooling 2D cho phép mang chip nhan bat ky kich thudc Tensor/hinh anh nao, thay
vi chi kich thudc ma nd di dugce dio tao ban dau. Mot wu diém nira 12 khdng c6 tham
s6 ndo dé toi uu hoa trong Global Average Pooling 2D do d6 tranh viéc bi overfitting

tai 16p nay. Lop dropout dugc str dung dé giam tinh trang overfitting.
3.2.4. M6 hinh huén luyén

Mang duoc huan luyén bo1 mo hinh co sé da dugc tinh chinh véi trong )
ImageNet dugc huan luyén sin. Cu thé hon, tit ca cac 16p ngoai trir 4 16p cubi cling
da bi "dong bang", 4 16p trén cung di dugc thém va chi huin luyén 4 16p nay trong

vong lap. Sau do, tat ca cac 16p déu duoc "pha bang" va toan b mang dugc dao tao.

Ham cross-entropy duoc st dung nhu ham mat méat va Adam duoc sir dung

nhu mot giai thuat gradient descent.

Qua trinh huan luyén dugc giam sat voi diém micro F1 cho tap dit liéu kiém
thir. B trong s6 cua mé hinh duoc lwa chon dé cap nhat ¢ vong lap tiép theo 1a bo

cho ra ma tran di€m tot nhat.

Vé mat du doan, luin van st dung dau vao cua mang no-ron dugc phan chia
thanh cac phan twong Ung véi cac phan cla tép Am thanh nguyén gdc ban dau. Dy
doan cua cac phém duoc hop lai thanh dy dodn cua t¢p am thanh géc. Budc nay duoc
thuc hién bang cach ldy trung binh nhan, vi phuong phap nay it anh huéng bdi cac

dir liéu nhidu hon 14 iy trung binh s hoc.
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3.3. Cai dat mo hinh phan loai
3.3.1. Mt s6 yéu cau vé cai dit
% Yéu cdu chung cho cai dit thir nghiém

- Phan cimg: bd xir Iy 32bit (x86) hoidc 64bit (x64) c6 tde d6 2 gigahertz (GHz) hodc
nhanh hon; RAM 16GB tr¢ 1én; GPU Nvidia GTX 1080 Ti 8GB; dia cting c6 dung
lwong trong 100 GB.

- Phan mém: cai dat trén hé thong Windows/Linux (Centos 7.2); Cuda; cong cu lap

trinh: phan mém Python 2.7 tro 1én hodc phan mém Pycham Professional 2020.1.
- Dir liéu: bo dit liéu am thanh vé giong néi, ving mién do Zalo cung cap.
% Thu vién Pytorch

Pytorch 1a mét thu vién hoc may ma ngudén mé cho Python, dugc xay dung
trén ngon ngtr 1ap trinh Lua boi Facebook. Pytorch ¢6 hai chirc nang chinh: tinh toan
hiéu nan cao véi sy tang tbc ctia GPU, 1a mét nén tang hoc sau phuc vu cho nghién

ctru, Xay dung va huan luyén cac mang no-ron, mang lai su linh hoat va toe do.

So v6i Tensorflow2, Pytorch mang lai khac nhiéu wu diém. Pau tién, Pytorch
mang lai kha ning debug (sira 16i) dé dang hon theo huéng truc quan. Bén canh do,
néu nhu & Tensorflow, trude tién ta can xac dinh toan bd biéu do tinh toan trude khi
c6 thé chay mé hinh thi v&i Pytorch, nd cho phép ta xac dinh mét biéu d6 tinh toan
dong. Cudi cung, Pytorch cling hd trg ca API cip cao va API cap thap, véi viée st

dung twong d6i dé dang.
3.3.2. Phwong phap danh gia

Trong lun van nay, dé danh gia d6 chinh x4c ctia m6 hinh tac gia da lya chon
phuong phap danh gia do chinh xac bang cach sir dung ma tran d6 do (confusion

matrix) dugc mo td nhu sau:

Confusion Matrix 1a mot phuong phap danh gia két qua cia nhiing bai toan

phan loai vdi viéc xem xét ca nhiing chi so vé d chinh xac va do bao quat cua cac
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du doan cho tung 16p. Mot confusion matrix gom 4 chi s6 sau déi véi moi 16p phan

loai:

TP (True Positive): mau mang nhin duong duoc phan 16p dung vao 16p

duong
TN (True Negative): miu mang nhin 4m dugc phan 16p dung vao 16p am.

FP (False Positive - Type 1 Error): mau mang nhin am bi phan 1ép sai vao

16p duong.

FN (False Negative - Type 2 Error): mau mang nhin duong bi phan 16p sai

vao 1op am.
Actual Values
Positive (1) Negative (0)
[Fa)
ﬁ Positive TP FP
©
-
-
o
g
E Negative (0) FN N
%

Hinh 3.6: Ma tran d9 do (Conusion matrix)

Ky hi¢u TP 1a True Positive; TN la True Negative; FP 1a False Positive va FN

la False Negative. Thuc hién phép do Precision — Recall, trong do, Precision 1a ti 1¢

s6 diém TP trong nhiing diém dugc phan loai Positive, con Recall 13 ti 16 s6 diém TP

trong s6 diém thuc sy 1a Positive. Cong thirc nhu sau:

TP
TP+FP

precision=

recall=
TP+FN
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Ta thiy rang, Precision va Recall phu cang cao thi cang tét. Nhung trong thuc
té, hai gia nay khong thé dat duoc cuc dai cung mot luc va thong thuong phai tim
kiém sy can bang. Thudc do Flscore 1a trung binh hai hoa giira Precision va Recall.

N6 ¢ xu huéng bang khong néu hai gia tri ndy c¢6 xu hudng bang khong.

precision X recall

Flscore = 2* ..
precision + recall

e Micro - F1 Score

Micro — F1 Score Tinh toan cac chi sd toan cuc bang cach d¢ém téng s6 TP, FN va

FP.

Ye=1TPc
Y (TP; + FP,)

Micro — Average precision =

=1 TP;
C_(TP; + FN;)

Micro — Average recall =

Micro—precision X Micro—recall

MiCl‘O Flscore =2* . . . .
Micro—precision + Micro—recall

3.3.3. Két qua ciia thir nghiém

Duéi day 1a két qua ta thu duoc khi sir dung mang Densenet 169 va mang

ResNet50 sau 15 vong huan luyén cho mdi mé hinh.

Dénh gia dua trén cac du doan khong dugc thong nhat (Iya chon ngiu nhién
du doan tir mot phﬁn cua tap tin dé dy doan toan bo). Két qué dugc st dung micro fl1
dé danh gia vi trong tap dit lidu test, s6 lwong tip miu & cac 16p 1éch nhau rat nhiéu,
vi du nhu tip mau do duoc cua Nir mién Trung it hon rat nhiéu so v&i cia Nam mién
Nam. Chinh vi vay sir dung d¢ do micro f1 s& phan anh dung chét lugng cia md hinh

du doan thay vi dung accuracy hoac d6 do f1 tung 16p.
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Bang 3.2: Két qua xdy dung mé hinh dua trén F1-Score

Dir li¢u Danh gia DenseNet169 | ResNet50

vKiém thir Do chinh xac tong 0.78 0.76
Do chinh xac gidi tinh 0.96 0.96
D0 chinh xac giong 0.80 0.78
Micro F1 tong 0.78 0.76
Micro F1 gidi tinh 0.93 0.93
Micro F1 giong 0.80 0.78

Danh gia D¢ chinh xac tong 0.72 0.73
Do chinh xac gidi tinh 0.95 0.96
Do chinh xac giong 0.75 0.75
Micro F1 tong 0.72 0.73
Micro F1 gidi tinh 0.89 0.89
Micro F1 giong 0.75 0.75

Pénh gia dua trén du doan dugc théng nhat bang phuong phap trung binh nhén

cac két qua cua tung phan:

Bang 3.3: Két qua xay dung mé hinh dwa trén Micro - F1 Score

Dir liéu Danh gia DenseNet169 | ResNet50

Kiém thir D6 chinh xac tong 0.81 0.80
D0 chinh xac gidi tinh 0.97 0.97
D¢ chinh xac giong 0.83 0.82
Micro F1 tong 0.81 0.80
Micro F1 gidi tinh 0.95 0.95
Micro F1 giong 0.83 0.82

Danh gia Do chinh x4c tong 0.78 0.78
D¢ chinh xac gidi tinh 0.97 0.97
D0 chinh xac giong 0.80 0.80
Micro F1 tong 0.79 0.78
Micro F1 gidi tinh 0.92 0.92
Micro F1 giong 0.80 0.80
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Dua vao két qua cua, ta co thé quan sat dugc rang, v6i phuong phéap tong hop
cac du doan, két qua dugc cai thién va DenseNet169 c6 d§ chinh xac cao hon
ResNet50. Ca 2 m6 hinh déu c6 diém s cao voi phan loai gi6i tinh va diém chap

nhan dugc véi phan loai giong vung mién.

Két qua chua tot & mo hinh phan loai ving mién nguyén nhan chinh trong dir
liéu c6 nhiéu tap file ving mién bi danh nhén sai, cac tip file 13 giong hat thay vi
giong noi binh thuong, hodc viéc nhap nhing giita cic vung mién vi du nhu danh
nhan giong Thanh Ho4 1a giong mién Trung nhung giong Thanh Hoa lai gidng giong
Bic hon chir ko nang nhu Nghé¢ An, Ha Tinh. Dé cai thién md hinh tac gia dé xuat
tap trung cai thién chi yéu ¢ phan dit liéu: thu thap thém nhiéu dir liéu, danh nhan

lai nhitng file bi danh sai,....
3.4. Két luan chwong 3

Chuong 3 da trinh bay qua trinh thu thap, xtr Iy dit liéu chuyén ddi tir am thanh
sang anh phuc vu cho qua trinh huan luyén m6 hinh. Tt b dit liéu nay, luan van xay
dung va huan luyén mo hinh phan loai gigi tinh va ving mién pretrain model 1a
Resnet 50 va DenseNet169.

Viéc st dung mo hinh nhan dang gi6i tinh di cho két qua kha quan va c6 do
chinh x4c khé cao. P4i v6i nhan dién ving mién két qua chi & mirc chip nhan duoc
tuy nhién cac két qua thir nghiém ban dau cho thay giai phap xay dung mé hinh phan
loai gidi tinh va ving mién cho tiéng viét dira trén 4m thanh dé xuét c6 tinh kha thi

cao va phu hop véi cac yéu cau dé ra.
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KET LUAN

1. Nhirng dong gop cia luin van

V&1 muc ti€u nghién ctru cac phuong phap xur ly dir liéu giong nodi tr 46 xay dung

mO hinh hoc sau phan loai gidi tinh va ving mién cho tiéng viét, luan van da di sau

nghién ctru cdc van dé xung quanh dé tai nghién ctru, tir cac thuat toan hoc may co

dién dén cac mo6 hinh mang no-ron tién tién hién nay.

Nhirng két qua chinh da dat dugc trong luan van:

Nghién ctru vé hoc may c6 dién va cdc mo hinh hoc sau

Tim hiéu vé céc co sd 1y thuyét vé am thanh, tir 46 dua ra phuong phép trich

chon thudc tinh tir giong noi

Lua chon va &p dung thanh cong mé hinh hoc chuyén tiép tmg dung cac kién

truc mang nang cao nhu ResNet, DenseNet

Thuc nghiém cai dat va xdy dung mo hinh phén loai giong néi viing mién

2. Hwéng phat trién ciia ludn vin

Mot s6 hudng phat trién tiép theo cua luin vin:

Hién tai toc do x1r Iy phan loai con chua nhanh, can thir nghiém thém veé céac

tham s6 trong mo6 hinh nham gidm thoi gian cua viéc phan loai

Mic du & bude tién xir 1y dit liéu dd néu ra duoc hudng xir Iy 4m thanh trong
moi trudng chira nhidu, tuy nhién trong thuc té néu & moi trudng nhiéu thi hé
thdng hoat dong khong 6n dinh.

Két qua ctia mo hinh cho thay viéc phan loai ving mién (Bic-Trung-Nam)
c6 do chinh xac chua cao, can thu thap, 1am giau thém dir liéu tap huan luyén

deé tang do chinh x&c cia mo hinh.
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