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MO PAU

1. Ly do chon dé tai

Ngay nay, di c6 nhitng thay doi rat 16n vé cach thirc con nguoi trao déi thong tin
Vv6i hé thong. Sy thay ddi nay biéu hién & chd, cac cach thic trao d6i thong tin da
duoc dinh dang va c6 cau tric chat ch& dugc chuyén sang céc cach thic linh hoat va
tu nhién hon. Trong d6, tiéng noi 1a cach thirc trao ddi thong tin tu nhién nhat, cho
phép tuong tac giira con ngudi véi hé théng nhanh va dé dang. Déi thoai ding ngén
ngit n6i khdng chi don gian, thuan tién va tiét kiém thoi gian ma con gép phan dam
bao khia canh an toan trong nhirng moéi truong cdé tinh rai ro.

Dé c6 thé thiét 1ap hé thong twong tac c6 tinh linh hoat cao, kién trlc cua cac hé
théng d6i thoai ngudi - may can duoc trang bi thém céc chirc nang méi. Cac chuc
ning nay bao gdm nhan dang cam xuc tiéng noi, phat hién cac tham bién dua trén
tinh huéng ciing nhu trang thai ciia ngudi ding va quan ly tinh hudng dé dua ra cac
md hinh dya trén cac tham bién di dugc phat hién lam cho qua trinh ddi thoai phi
hop. Chinh vi vay, trong nhiéu nim qua, cac nghién ctu vé cam x(c tiéng néi da thu
hit méi quan tam manh mé trong linh vyc tuong tic nguoi - may va mong mudn tim
ra cach lam thé nao c6 thé tich hop trang thai cam xuc caa ngudi ndi vao hé thdng
d6i thoai nguoi - may dung tiéng noi.

Trén thé gisi da c6 nhiéu nghién cau vé cam xuc va nhan dang cam x(c tiéng noi
Vé6i cac ngdn ngit khac nhau nhung két qua (ng dung trén thyc té con nhiéu kho khin
vi cam xtic dugc thé hién rat da dang trong mdi con nguoi. Do d6, viéc phat hién
chinh xac cam xuc con phai dugc tiép tuc nghién ctu. Riéng vé nhan dang cam xuc
cho tiéng Viét ndi, con rat it cac cong trinh nghién cau, mic du ciing da c6 nhiing
nghién ciru va da dat duoc nhiing thanh céng nhat dinh nhung dé trién khai thanh cac
san pham tng dung thuc té van con nhiéu mat han ché, dac biét 1a do chinh xac, chat
lwong nhan dang. Chinh vi vay, can thiét phai nghién cau nhan dang cam xdc cho
tiéng Viét noi dé tang cudng hiéu qua va tng dung dugc cho cac hé thdng tuong tac
ding tiéng Viét noi.

T nhitng ly do néu trén, tac gia lya chon dé tai nghién ctru “Nhan dang cam xuc
cho tiéng Viét n6i” nham nghién ctru sdu hon vé van dé xir ly nhan dang cam x(c,
dic biet ddi vai tiéng Viét noi dé tim ra cac tham sé ciing nhu mé hinh nhan dang
cam xdc pht hop cho tiéng Viét, gop phan phat trién céc tng dung cong nghé thong
tin cho nguoi Viét cling nhu cac san pham tng dung céng nghé théng tin sir dung
tiéng Viét ndi trong giao tiép va twong tac ngudi-may.

2. Muc tiéu nghién ctru cia luan an

Vi tinh thiét thuc caa cam xdc trong tiéng noéi dugc 4p dung trong thyc té dang
rat duoc quan tdm, muc tiéu chinh caa dé tai 1a nghién ctu nhan dang cam xdc cho
tiéng Viét noi dua trén phuong dién xu ly tin hiéu tiéng noi. Dé tai nghién cau th
nghiém va dé xuat mé hinh nhan dang cam xc cho tiéng Viét ndi dya trén viéc nghién

13



ctru danh gia cac tham sb va so sanh mot sé mé hinh nhan dang. Bén cam xtc co ban
s€ duoc nghién ciru bao gom cam xuc: vui, buon, tirc va binh thuong. Ngir liéu tieng
Viét dung cho nhan dang la giong pho thong mién Bac ¢é ca giong nam va giong n.
3. Nhiém vu nghién ctru cda luian éan
Dé dat duoc nhitng muc tiéu da dé ra, luan an can thuc hién cac nhiém vu chinh sau:
e Nghién ctru tong quan vé cam xtc va nhan dang cam xuc tiéng noi.
e Nghién clru m¢t s6 mo hinh nhin dang dung cho nhan dang cam xuc tiéng noi
nhu mo6 hinh GMM, ANN, ...
e Phan tich danh gia va dé xuat by ngtr li¢u cam xtc tiéng Viét dung cho nhan
dang bon cam xuc co ban vui, buodn, tirc va binh thuong.
e Nghién ctru dé xuat va phan tich &nh hudng ctia cac tham s6 déc trung tin hi€u
tiéng no61 dén cam xuc tieng Viét.
e Thur nghiém nhin dang cdm xuc tiéng Viét dua trén cadc mo hinh da nghién ctru
c6 tinh dén céc dac trung cua tiéng Viét noi.
e Phan tich danh gié két qua nhan dang cdm xuc ctia cac mo hinh dya trén cac két
qua thtr nghiém.
4. Poi twong va pham vi nghién ciu cia luan an

Déi twong nghién cau cua luan &n 1a nhan dang cam xdc cho tiéng Viét noi theo
phuong dién xir ly tin hiéu tiéng noi. Tir két qua nhan dang cam xuc, xay dung md
hinh nhan dang cam xtc cho tiéng Viét noi. Cac hinh thai cam xuc rat da dang va &
nhitng viing mién khac nhau thi ngén diéu dbi voi biéu hién cam xuc ciing khac nhau.
Trong khuén khé c6 han, luan an tap trung thuc hién nghién ciru nhan dang 4 cam
xic co ban: vui, budn, tirc va binh thudng véi giong pho théng mién Bac gom ca
giong nam va n.

Nghién ctru cua luan an nham nhan dang cam xdc chi qua dién dat cau n6i ma tin
hiéu tiéng noi da thu thap duoc twong ung va ciing khong xét dén céc tir cam than,
hozc biéu 16 cam xtc qua khudn mat ciing nhu chua thé xét dén suy nghi thyc té trong
b ndo cua con ngudi lién quan dén cam xuc. Chinh vi vay, chang han néu nguoi néi
dién dat cau ndi theo cam xdc tac thi hé thdng nhan dang 1a cam xdc tic. Mic du
ngudi noi dang tic song dién dat cau nai lai theo cam xuc binh thuong thi hé thong
nhan dang la cam x1c binh thuong.

5. Y nghia khoa hoc va thuec tién cia luan an

Vé mat ly thuyét, luan an gop phan lam sang té cac md hinh nhan dang tiéng noi
va nhan dang cam xuc d6i véi tiéng Viét noi, danh gia két qua thir nghiém véi céc
md hinh nhan dang cam xdc tiéng Viét n6i va tao tién dé cho cac nghién cuu tiép theo
vé cam xUc tiéng Viét.

Vé mit thyc tién, két qua nghién ciru ciaa luan an cé thé duoc tng dung da dang
trong cac linh vuc khoa hoc, cong ngh¢, dac biét trong linh vuc tuong tac nguoi-hé
thdng st dung tiéng noi véi viéc tong hop va nhan dang tiéng Viét c6 cam xuc.

14



6. Phuong phap nghién ciu

Phuong phap nghién ctu thuc hién trong luan an 1a nghién ctu ly thuyét két hop
véi thuc nghiém.

V& mit ly thuyét, luan an tim hiéu téng quan vé cam xuc trong tiéng néi, cac
phuong phap nhan dang cam x(c, cac tham sb dic trung cua tin hiéu tiéng néi c6 anh
hudng dén cam xtic xét theo phuong dién tin hiéu tiéng néi dong thoi ciing trinh bay
mét s6 mé hinh nhan dang cam xuc tiéng noi dugc tong hop tir cac tai liéu, bai bao
khoa hoc.

V& mit thuc nghiém, lya chon va danh gia bo ngi liéu cam x(c tiéng Viét, sir dung
cac bo cong cu dé tinh toan, phan tich, thng ké va danh gia cac tham sé dic trung,
tién hanh nghién cau va thuc hién cac thir nghiém nhan dang cam xdc dua trén cac
md hinh nhan dang cam xc cho ngit liéu tiéng Viét vai bén cam xuc vui, budn, tic,
binh thuong tir 46 danh gia két qua dat dugc dé xéac nhan gia tri caa cac mé hinh va
cac tham s sur dung.

7. Két qua méi cia luan an

Két qua nghién ctru méi cua luan an co thé dugc tom tat tap trung vao cac diém
chinh sau:

e Sir dung cac phuong phap thich hop dé danh gia bo ngir liéu cam xtc tiéng Viét
tr d6 dé xuit dugce bod ngir li¢u cam xuc tiéng Vi¢t dung cho thtr nghiém nhan
dang cam xuc tiéng Viét noi.

e Nghién ctru, khai thac va dé xuat duoc cac md hinh GMM, DCNN va cac tham
s6 dic trung pht hop cho nhan dang cam xuc tiéng Viét noi dong thoi danh gia
dugc anh hudng cua cac tham sd dic trung dén két qua nhan dang cam xuc tiéng
Viét v6i bén cam xuc vui, budn, tirc va binh thuong.

8. CAu tric caa luan an

Luén an dugc trinh bay trong 4 chuong véi noi dung tom tit nhu sau:

Chuong 1: Téng quan vé cam xic va nhan dang cam xuc tiéng néi. Chuong nay
trinh bay cac nghién ctiu vé cam xuc, phan loai cam xuc va cac cam xtc co ban. Bong
thoi, cac nghién cau vé nhan dang cam xuc tiéng noi trong va ngoai nudc, cac mo
hinh duoc thuc hién dé nhan dang cam xuc tiéng néi cling duoc néu ré.

Chuong 2: Ngir liéu cam xuc va cac tham sb dic trung cho cam xuc tiéng Viét noi.
NoOi dung cia chuong trinh bay cac phuwong phap xay dung ngir liéu cam xuc noi
chung, cac bo ngir liéu cam xdc ¢d sian véi cac ngdn ngir khac nhau. Chuong nay sé
tap trung vao viéc lya chon dé xuat bo ngir liéu cam xuc tiéng Viét dung cho thu
nghiém caa luan 4n, dé xuat va danh gia cac tham sb dic trung cua tin hiéu tiéng noi
anh huong dén cam xtc. Phan cudi cua chuong danh gia bo ngir liéu cam xuc tiéng
Viét dung cho thtr nghiém dya trén mot sé b phan [6p LDA, IBk, SVM, Tree-J48.

Chuong 3: Nhan dang cam xuc tiéng Viét noi voi md hinh GMM. Céc két qua
nhan dang cam x(c tiéng Viét véi md hinh GMM dugc thir nghiém chi tiét voi nhiéu
bo tham sé khac nhau. Céc tham sé diing cho thir nghiém bao gom cac tham sé dic
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trung MFCC, ning luong, dic trung phd, tan s co ban FO va cac bién thé caa né. Tir
cac két qua nay, luan an dua ra nhitng nhan xét, danh gia va dé xuat bo tham sb dé
nhan dang cam xdc cho tiéng Viét noi st dung méd hinh GMM.

Chuong 4: Nhan dang cam x(c tiéng Viét néi sir dung mé hinh DCNN. Chuong
nay trinh bay nghién cau vé mang noron iy chap CNN, nghién ciru va dé xuat mo
hinh DCNN cho nhan dang cam xuc tiéng Viét. Cac tham sb sir dung bao gdm cac
dic trung vé pho mel, cac tham sé lién quan dén tuyén am va cac tham sé lién quan
dén ngudn 4m nhu tan s co ban. Két qua thar nghiém nhan dang cam xac véi md
hinh nay ciing duoc théng ké chi tiét véi ting tap ngir liéu cam xac tiéng Viét va bo
tham sé st dung.

Cudi cung, phan Két luan tong hop cac két qua nghién ciru da dat duoc, nhitng
dong gop mai va huéng mo rong nghién cizu phat trién caa luan an.
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Chwong 1. TONG QUAN VE CAM XUC VA NHAN DANG
CAM XUC TIENG NOI

Trong nhitng nam gan day, su huyén bi cia cam x(c tiéng noi da 1am tang su thu
hit méi quan tdm nghién ctru twong tac nguoi - may. Day 1a méi quan tim méi nhat
hién nay nhiam lam cho méi tuong tac gitra con ngudi va may maoc tré nén tu nhién
nhu twong tac gitta ngudi V6i nguoi. DA c6 cac nghién ciru vé cam xtc ciing nhu nhan
dang cam x(c vé&i cac ngdn ngir khac nhau nham hd trg cac ang dung tuong tac do.
Chuong nay s& trinh bay mét sé khai niém co ban lién quan dén cam xdc tiéng néi va
t6ng quan vé nhan dang cam xuc tiéng noi trong va ngoai nudéc.

1.1 Cam xuc tiéng néi va phan loai cam xuac

Theo Tur dién Bach khoa Viét Nam [1], “Cam xuc phan ang tinh cam chua quan
manh cta con ngudi va dong vat cao cap phat sinh khi nhan duoc kich thich tir bén
ngoai va bén trong co thé. Cam xtc 1a mot trong nhiing hinh thirc phan anh thuc té
khach quan trong bo ndo va duogc biéu hién bang thai do cua ngudi va dong vat véi
sur vat va cac hién twong xung quanh. Cam xtc kém theo biéu hién sinh ly (thay d6i
sac mat, nhip tim, nhip tha, hoat dong cta cac tuyén noi tiét, trang thai co thé) va
trang thai tam ly. Cam xuc don gian nhat 1 cam giac bam sinh do tac nhan c6 ¥ nghia
quan trong ddi véi ton tai cia co thé (thire an, nhiét do, dau,...). Cam xtc ¢ ¥ nghia
quan trong dbi vai su tich luy kinh nghiém cua céa thé, cho phép con ngudi va dong
vat tap nhiém nhing tap tinh co ich, tranh duoc diéu bat loi cho co thé”.

Hay néi theo mot cach khac: Cam xuc xét vé mat tam Iy cé thé duoc xem nhu 1a
mot trai nghiém phuc hop cua y thize (tdm 1y), cam giac co thé (sinh Iy) va hanh vi
(action-speech). N6i chung cam x(c la biéu thi tong hop trai nghiém chu thé, hanh vi
biéu cam, va hoat dong cua hé than kinh [2].

C6 nhiéu cach khac nhau dé phan loai cam xuc. Pa c6 cac nghién ciru dua ra hon
300 trang thai cho nhirng cam xdc khac nhau [3], [4]. Ciing c6 nghién ctru khac trong
do céc tac gia lai dua ra 107 loai cam xuc [5]. Tuy nhién, nhin chung, khéng phai
toan bd nhitng cam xuc d6 déu duoc trai nghiém trong doi sdng hang ngay. Vé mat
nay, hau hét cac nha nghién ctru dong y vai ly thuyét Palette cho rang, bat ky cam
xUc nao ciing déu duoc cau thanh tir sau loai cam xtc co ban giéng nhu bat ky mau
sac nao do déu la su té hop cua 3 mau co ban [6]. Cac nha nghién cau ciing cho rang
cac cam xUc gian dix, ghé tém, so héi, vui, budn va ngac nhién duoc coi la nhitng cam
xuc chinh yéu hoic co ban hién nhién nhat [7]. Pay ciing dugc goi la cam xdc nguyén
mau [8].

Trong tam Iy hoc, biéu hién cua cam xuc dugc xem nhu 1 dap tmg ddi voi cac
kich thich ¢ lién quan dén sy thay doi cac dic tinh sinh Iy [9], [10]. Vé mit sinh ly,
mot cam xuc duoc xac dinh nhu 13 sy chia tach ddi voi duong co sé trung tinh
(homoeostatic) [9]. Dya trén nhitng thay doi nay, c4c tinh chat cia cam xuc c6 thé
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duoc giai thich trong khong gian ba chiéu. Truc V (Valence) biéu dién cho cam xdc
mang tinh tich cuc hoac tiéu cuc. Truc A (Arousal) biéu dién cho cam xuc hao hing
hay thd o. Truc P (Power) biéu dién cho sy diéu khién cua cac giac quan thong qua
cam xGc [11]. Hinh chiéu trong khdng gian cam x(c ba chiéu, 1én mat phang hai chiéu
Vv&i cac truc A va V, duoc thé hién trén Hinh 1.1.

- = RS {_& } » Valence

¥
Arousal

Hinh 1.1 Phan bé 8 cam x(ic trén mat phang cam xic 2 chiéu Arousal
‘ va Valence (nguon: [11])
A (tiec), C (buodn), D (ghé tom), F (so), H (vui), N (trung tinh), S (mia mai), Su (ngac nhién)

Vé mit sinh 1y cta co ché tao cam xuc, nguoi ta da phat hién ra rang hé théng than
kinh duogc kich thich bai sy biéu hién cua cam xuc hung phan cao nhu gian dir, vui
va so hdi. Hién tuong nay 1am cho tim dap nhanh hon, huyét ap cao hon, c6 sy thay
d6i trong hoi tha, ap suat khong khi trong phéi tng véi phan dudi thanh mén 16n hon
va lam khé miéng. Két qua la tiéng ndi sé to hon, nhanh hon va nang lugng & pham
vi tan sé cao 1a 16n hon, trung binh tin s6 co ban s& cao hon va pham vi bién thién
cling rong hon [12]. Mat khac, ddi véi nhitng cam xtic hung phan thap nhu budn b,
hé than kinh duoc kich thich gay ra su sut giam nhip tim, huyét 4p, dan dén ting tiét
nudc bot, n6i cham va tan sé co ban s& giam véi nang luong tan s cao 1a nho. Vi
vay, cac dic tinh &m hoc nhu cao do, ning luong, nhip diéu, chat lwvong giong noi, va
tin hiéu tiéng noi co d6 twong quan 16n véi nhitng cam xdc chinh [13].

C6 thé xét cam xuc theo gdc do tin hiéu tiéng noi nhu sau. Su thay doi tam ly va
sinh Iy 1a do nhitng trai nghiém vé cam xdc dan téi mot sé phan ang. Tiéng noi la
mot trong nhitng két qua quan trong caa trang thai cam xdc cia con ngudi. Tin hiéu
tiéng noi duoc tao ra do tuyén am duoc kich thich bai tin hiéu nguén [14]. Do do,
thong tin ddc trung cua tiéng nodi c6 thé duoc trich rdt tir dic tinh cua tuyén 4m va dac
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tinh ctia ngudén am. Nhiing dic trung cam xdc 6 trong tiéng noi ¢ thé duoc xac dinh
tir dac tinh cia ngudn &m, su thay doi cau hinh caa tuyén am voi cac cam xuc khéc
nhau, siéu doan tinh (thoi han, chu ky co ban, nang luong) va thong tin ngén ngir.
Céc dic tinh hoat dong cta thanh mén va cau hinh tuyén am ciing déng mét vai tro
quan trong trong viéc bién ddi cac cam xdc khéac nhau trong qué trinh néi.

Do nhitng yéu t6 chi quan 4n chira bén trong cam xdc nén s& khdng cé su phan
loai nhat quan cam xuc tao co sé chung cho nghién ciru cam xtc. Vi vay, cac cach
tiép can khac nhau dugc sir dung cho cam nhan dau hiéu khac nhau cua cac cam xuc
va phan biét cam xuc tur cac tam trang khac nhau. Scherer [15] da phan loai cac trang
thai tinh cam nhu sau:

e (Cam xuc (tuec, budn, vui mung, s¢ hai, x4u hd, tu hao, phén chin, tuyét vong)

e Tam trang (Vui vé, nan long, dé cdu, bo pho, chan nan)

e Thai do gifra cac ¢4 nhan véi nhau (de dat, lanh lung, than thién, thong cam,

khinh bi)

eS¢ thich/quan diém (thich, yéu, ghét, coi trong, ao wdc)

e Khuynh huéng biéu cam (lo lang, hoi hop, hap tap, khinh khinh, thu dich)

C4c trang thai nay phan biét véi nhau theo cac dic diém chi dinh nhu cuong do,
thoi han, su dong bo hod, tiéu diém sy kién, danh gia suy luan, tinh thay doi nhanh
chéng, cac anh huong dén hanh vi.

Khac véi tdm trang, cam xtic thudng rat cd dong va kéo dai trong khoang thoi gian
ngan. D¢ co thé phan biét cac trang thai cam xdc khéac nhau, nghién ciu [16] da phan
loai cac trang thai biéu cam thanh biéu cam tich cuc va biéu cam tiéu cuc. Trong mdi
biéu cam lai phan thanh tam trang va cam xuc. Tam trang ¢ thoi han dai hon, thuong
kéo dai trong nhiéu ngay nhu tdm trang phan khai, man nguyén hay u sau. Con cam
xuc thi ¢6 thé trong vai phat nhu vui mirng, budn, chan ghét, so hii hay tic gian.

Pé thiét 1ap mot hé théng nhan dang cam xdc trong tiéng noéi, thong thuong s& dé
dang va thuan loi hon néu chi nhan dang mot sé luong gidi han cac cam xtc, co nghia
la tap cac cam xuc co ban. C6 mot sb cach tiép can dé dinh nghia va xac dinh tap cam
xtc ndy. Descarté da dé xuét y tuong phan biét cac cam xtic co ban va thir cap [17].
Trong nghién ctru [18], cAc cam xtc co ban hoac co so noi chung dugc gidi thiéu la
“biéu dién cac mau c6 mdi quan hé sdng con khi dap ang véi sy kién, cac mau dap
g nay da duoc chon loc qua lich st tién hoa cua loai ngudi trén thé gidi nay” con
cac cam xuc khac theo mot cach nao dé 1a dan xuat tir cam xtc co ban. Cornelius di
dé xuat “ Big Six” nhu 14 cac cam xuc co ban hay so cap bao gém vui, budn, sg, chan,
tirc va ngac nhién. Trong khi do, Plutchik [19] lai phéan biét 8 loai cam xdc co ban la
so, tac, vui, budn, chap nhan, chan, & phong va ngac nhién. Nisimura va cong su
(2006) [20] tham chi dua ra 16 cam xtic co ban (gém ca trang thai trung tinh) c6 tinh
dén cac cam xtic da duoc Schlosberg [21] va Ekman [22] dé xuét (Bang 1.1).
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Bang 1.1 Cam xdc co ban theo Nisimura va céng sw (nguon: [20])

Tac Coi khinh Man nguyén | Chan nan
Phén khich So Mirng Vui dua
Trung tinh Hai long Voi v Budn
Ngac nhién Cang thang Mét méi Coi khinh

Mot céch tiép can khac kha don gian 14 nhém céc cam xtc duoc phan loai theo
cach danh gia ctua Fujisawa va Cook [23]. Cac cam xuc dugc chia thanh 3 nhom:

e Biéu cam tich cuc (vui, thoa man, hai 1ong)

e Biéu cam tiéu cuc (budn, tirc, khé chiu)

e Biéu cam pha tron (bap bénh, cing thang, hoi hop)

M6t mat, néu theo cach nay thi cac cam xuc c6 thé dugc phan loai dé dang nhung
mat khac thi cac cam xuc nhu budn va tic cling dugc nhém vao mot 16p mic du
chung rat khac nhau. Tuong tu nhu vay, trong [24] dinh nghia 6 cam x(c va géan
ching vao 4 nhém cam xdc chii yéu nhu sau:

e Vui (hanh phuc)

e Budn (chan, dau budn)

e Tuc (gian di, so hai)

e Trung tinh (thai d§ trung 13p)

Nhu vay, nhin chung c6 4 cam xuc co ban tuec, Sg, vui, budn va cac cam xuc nay
xuat hién phan 16n trong cac tai liéu nghién ctu tiéu biéu cho hanh vi cam xdc [25].
Céac cam xUc nhu vay twong (ng véi cac van dé lién quan trong cudc song, chang han
tirc ¢6 thé dugc xem nhu phan ¢ng véi tranh dua, so 1a phan tng véi nguy hiém, vui
la phan wng véi su cong tac con budn 1a phan wng voi mat mat [26].

Con ngudi hiéu duoc y mudn cia thong diép do co nhitng cam xdc quan trong
duoc thém vao thdng tin ngir &m. Vi vay, can phai phat trién cac hé thong co thé xir
ly cac cam xtc kém theo ndi dung can truyén tai [27]. Cac muc tiéu co ban caa xir ly
tiéng noi ¢6 cam xuc la nhan dang nhiing cam x(c thé hién trong tiéng néi va tong
hop nhitng cam xic mong mudn trong tiéng ndi dé truyén tai y dinh noi dung. Tir goc
d6 k¥ thuat, su nhan biét cac cam xc tiéng noi ¢ thé dugc xem nhu 1 sy phan loai
hoac phan biét cac cam xtc. Tong hop cac cam xuc cd thé duoc xem nhu 1a sy 16ng
ghép cac hiéu biét vé cam xdc trong qué trinh téng hop tiéng noi. Cac hiéu biét vé
cam xuc duoc thu thap tir cac md hinh cam xuc dd dugc thiét ké dé trich chon cac dic
trung vé cam xUc.

Loi n6i ma khong c6 cam xdc s& khong tu nhién va don diéu. Hau hét cac hé thng
xur ly tiéng ndi hién nay co6 thé xir Iy tiéng noi ty nhién dugc ghi &m trong phong
thu. Tuy nhién, trong céc kich ban giao tiép trong thé giGi thuc hién nay, hé thdng xir
ly tiéng ndi phai c6 kha nang xu Iy cac cam xuc da dugc nhing vao chinh hé thong
d6. Mach cam xuc thé hién trong tiéng n6i c6 thé duoc phét hién dua trén cac dic
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diém khac nhau duoc trich chon tir ngudn &m, tuyén &m va cac thanh phan ngén diéu
cua tiéng noi.

Cam xUc cua con ngudi la da dang va khong thé do luong mot céch chinh xac bang
cac phuong tién do dac thdng thuong. Vi vay, cac phuong phap phan tich nhan dang
va tong hop ddi véi cam xuc dat ra cac thach thirc ddi véi con ngudi cling nhu doi
v6i may tinh. Cowie va Schroder d3 chi ra rang khong thé phan biét mot cach rd rang
cac loai cam xuc khac nhau [28]. Cac nha nghién ctru ciing da phan loai cam xac
thanh rat nhiéu cam xuc khac nhau nhu d3 trinh bay & trén. Lién hé véi tiéng Viét,
cling d& thay ddi véi chi mot cam xuc dugc coi 1a budn lai ¢6 thé duoc phan nhanh
thanh budn ba, budn buc, budn rii ruoi, budn thiu, budn ténh, budn ménh mang, budn
cudi, v.v.. [1]. Do d6, trong cac nghién ctu, cac tac gia chu yéu thuc hién nhan dang
cac cam xuc tiéu biéu hay gap nhat trong cudc song hang ngay. Trong khudn kho c6
han, luan an ciing di theo huéng nhu vay bang cach tap trung vao 4 loai cam xuc
mang tinh dai dién 13 vui, budn, tic va binh thuong.

1.2 Nghién ctru vé nhan dang cam xuc

Giao tiép bang tiéng noi la phuong thirc nhanh va tu nhién nhat trong giao tiép
gitta ngudi V6i ngudi. Thuc té nay di thiic day cac nha nghién ctru nghi rang, sir dung
tiéng noi 1a mot phuong phap nhanh va hiéu qua cho sy tuong tac giita con nguoi va
may. Tuy nhién, diéu nay doi hoi may phai co di thong minh dé nhan ra tiéng noi cua
con ngudi. Trong nhitng nim gan day, da co rat nhiéu nghién ctu vé nhan dang tiéng
noi, trong d6 dé cap dén qua trinh chuyén doi tiéng noi ciia con ngudi sang dang chudi
c4c tir [6]. Mic du da co nhitng tién bo 16n trong nhan dang tiéng noi song van con
Xa SO VGi twong tac tu nhién gitra con ngudi véi nhau vi may mac hién tai chua hiéu
duoc hoan toan chinh xac trang thai cam xac cia nguoi ndi. Piéu nay di tao ra mot
linh vuc nghién ctu méi gan day, cu thé 12 nhan dang cam xac tiéng noi, dugc dinh
nghia 12 hiéu duoc céc trang thai cam xdc cia nguoi noi tir trong tiéng noi cua ho.
Cac nghién ciu thay rang, nhan dang cam xdc tiéng néi ¢ thé duogc st dung dé trich
rat nhitng ngir nghia hitu ich tir tiéng noi va do d6 cai thién duoc hiéu ning cua hé
thdng nhan dang tiéng noi [29].

Nhan dang cam xuc tiéng noéi dac biét hitu ich cho céc tng dung doi hoi sy twong
tac tu nhién giita ngudi - may nhu cac ung dung huéng dan bang may tinh ma dap
g cua nhitng hé thong nay dbi véi nguoi sir dung phu thudc vao cam xic dugc phat
hién [30]. Chang han, nhan dang cam x(c sé& hiru ich cho hé thdng diéu khién trong
xe hoi ma thong tin trang thai tinh than cua ngudi 14i xe c¢d thé duoc cung cap cho hé
théng dé huéng dan ngudi l4i xe an toan. N6 ciing c¢6 thé dugc st dung nhu méot céng
cu chan doan trong chita bénh [31]. N6 cd thé ciing hitu ich trong hé théng dich tu
dong, trong do cac trang thai cam xdc cua nguoi néi dong vai trd quan trong trong
giao tiép gitra cac bén. Vi du, trén budng 14i may bay, nguoi ta dd thdy rang cac hé
théng nhan dang tiéng noi dugc huan luyén ddi vai tiéng néi co biéu hién cam xic
dat duoc hiéu ning tét hon so véi hé thdng dugc huan luyén bang giong thong thuong
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[32]. Nhan dang cam xuc tiéng néi ciing dd duoc sir dung trong céc (ng dung thudc
trung tam tong dai va truyén thong di dong [33] trong 6 muc tiéu chinh cua viéc sir
dung nhan dang cam xuc tiéng néi 1a dé thich wng véi yéu cau caa hé thdng, phat hién
su that vong hay buc bdi trong giong caa ngudi noi.

Hién nay, nghién ciu nhan dang cam xuc tiéng néi c6 nhiéu thach thirc vi nhitng
I& sau. Thtr nhat, thuong khong biét mot cach rd rang nhitng dic trung nao cua tiéng
noi 1a manh nhét trong viéc phan biét cac cam xdc. Tinh da dang vé mit &m hoc do
cac cau khac nhau, nguoi noi, phong cach noi, va toc do néi khac nhau lai lam ting
thém tré ngai vi nhiing thudc tinh nay anh huang truc tiép dén phan 16n cac dic trung
tiéng noi dugc trich rat phd bién nhu cao d6, dudng bao ning lwong [34]. Va lai, co
thé cuing mét cau néi lai c6 chira nhiéu cam xudc, mdi cam xic twong GNg voi Mot
phan khéac nhau cua cau noéi d6. Thém vao dé, rat khé xac dinh ranh giéi giita cac
phan trong cau néi. Van dé thir hai 1a mot cam xuc nao d6 duoc biéu hién con thudng
phu thudc vao nguoi noéi khac nhau, van hoa va moi treong khac nhau cia ngudi noi.
Hau hét cac nghién ctru da tap trung vao phan Iop cam xuc trong ciing mét ngdn ng,
va gia thiét rang khong co6 su khéc biét van héa giita ngudi néi véi nhau. Tuy vay,
cac nhiém vu phan 16p da ngdn ngit ciing da duoc nghién ciru [35]. Mot van dé khac
1 nguoi ta c6 thé trai qua mot cam xdc nhat dinh nhu budn trong nhiéu ngay, nhiéu
tuan, tham chi hang thang. Trong truong hop nhu thé, nhitng cam xuc khéc sé 1a
thoang qua va s& khong kéo dai hon mot vai phat. Két qua 13, bo nhan dang cam x(c
tu dong s& khéng phat hién rd rang liéu cam xuc kéo dai hay thoang qua.

Cam xtc khong c6 dinh nghia théng nhat chung [36]. Tuy nhién, con ngudi biét
duoc cam xdc khi ho cam nhan dugc. Vi & d6, cac nha nghién cau ¢ thé nghién ciu
va dinh nghia cac khia canh khac nhau cua cam xdc. Nhu da trinh bay 6 muc 1.1, da
s6 cho rang cam xuc c6 thé duge dic trung trong hai chiéu: kich hoat (activation) va
hoa tri (valence) [37]. Kich hoat 14 tong niang lugng can thiét dé thé hién mot cam
xuc nhat dinh.

Tuy nhién, khéng thé phan biét cac cam xtc ma chi dung kich hoat. Chang han, ca
cam xUc tic va vui déu twong tng véi kich hoat cao nhung chiing lai truyén tai cam
xuc khac nhau. Su khac biét nay duoc dic trung theo hudng hoa tri. That dang tiéc
cac nha nghién ctru khong c6 su nhat tri nao hoic liéu cac dic trung 4m hoc cé tuwong
quan véi chiéu nay khong [38]. Vi vay, trong khi phan 16p giita cam x(c kich hoat
cao va cam xuc kich hoat thap c6 thé dat dugc d6 chinh xéac cao thi phan lép giira
cam xUc khac nhau van dang 1a thach thic.

Mot van dé quan trong trong viéc nhan dang cam x(c tiéng noi 1a sy can thiét xac
dinh mot tap nhirng cam xuc quan trong phai dugc phan I6p theo mot hé nhan dang
cam xuc ty dong. Céc nha ngdn ngit hoc da théng ké rat nhiéu cac trang thai cua cac
cam xac khac nhau. Tuy nhién, viéc nhan dang mot tap cac cam xac 1én nhu vay la
khé khan. Do d6, cac nghién ciu thuong chii yéu tap trung vao mot s cam xuc co
ban nhat trong cudc song.

Cac nghién ctu ly thuyét va thuc nghiém vé cac hinh thai biéu hién cam x(c théng
qua tiéng noi va khudn mit trong hé thdng giao tiép da thé thirc da duoc nghién ctu
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trén thé gisi. Pa co nhitg phuong phap st dung cac cam bién sinh hoc do ludng céc
dai lugng vat 1y lién quan dén cam xuc, phién dich cir chi va biéu hién khuén mat st
dung camera, xt ly ngdn ngir tu nhién véi cac tir khoa biéu hién cam xdc va bién
thién cao d6 am thanh dé nhan dang ngoén diéu, phan loai cac dic diém ngit diéu duoc
trich rat tir tin hiéu tiéng néi.

Ngay nay, hon bao gior hét may tinh duoc xem nhu cong sw. Nguoi ding may tinh
¢6 khuynh huéng ap dung cac chuan xa hoi cho may tinh caa ho. Vi dy, ho tro nén
ndi khaing néu may tinh pham 18i hozc ho hai 10ng néu may tinh ca tung ho 1am viéc
thanh cong (Reeves va Nass 1996) [39]. Hon nita, mbi quan hé nhu vay s& dugc cung
cb khi nguoi ding cd thé ca thé hoa giao dién, chang han bang cach ap dit céc chu
dé cho man hinh nén cua ho va s& cam thay tuong tac thuan loi hon véi hé thong.
Khai niém “quan hé” gitta may tinh va nguoi dung sé duoc tang cuong khi may tinh
cd thé dap tng duoc tinh trang va trang thai cam x(c cia ngudi dung [40], [41]. Bé
c6 thé 1am cho hé théng dbi thoai co tinh thong minh nhu thé, can phai phan loai,
phén tich va nhan dang cam xdc.

Déi véi hé thdng giao tiép don thé thirc chi str dung tiéng ndi, da co cac nghién
ctru nhan dang cam xuc tir tin hiéu tiéng noi s dung md hinh Markov an HMM. Dya
trén ngit lidu tiéng ndi c6 cam xuc, tap cac dic diém ngir diéu duoc lya chon va HMM
da duoc huan luyén dé nhan dang mot s cam xuc voi ngudi néi khac nhau. Do cac
tham s6 ctia mo hinh da dang, nhiéu bo nhan dang da duoc thiét lap dong thoi. Tuy
theo két qua dau ra ciia bo nhan dang cam xtc ma thay doi tién trinh va cach thirc doi
thoai. Trong truong hop nay, nho ¢6 mé hinh trang thai ngudi néi va md hinh tinh
hudng, chién luge dbi thoai dugc thay doi dé thich nghi va lya chon phong thai doi
thoai thich tng. Chang han, néu nguoi néi dién dat véi tam trang binh thuong, phat
am rd rang thi hé théng giao tiép khong can kém theo nhitng dong thai dé xac nhan
va ddi thoai c6 thé duy tri trong thoi gian ngan. Tuy nhién, néu ngudi ndi to ra tic
gian va dién dat khong rd rang, hé thong can 1am cho nguoi néi binh tinh va thuong
can c6 nhitng cau hoi dé xac nhan. Piéu nay ciing c6 thé lai dan téi lam cho nguoi
noi tirc gian. Cha yéu co6 hai phuong phap dé mé hinh hoa anh huong cia tham sb
cam xuc duoc dung dé diéu khién: mot 1a cach tiép can dua trén quy tic trong d6 moi
tinh huéng cta hanh vi ngudi néi dugc bao ham bang mot quy tic chira dap tng thich
hop, hai la cach tiép can c6 tinh phong doan ngau nhién trong d6 can mo hinh hoé
X&C SUat cua cac dap tng thich hop phu thudc vao ngdn diéu ciia ngudi nodi trude dd
va cac tham sb diéu khién tuong tng.

Do khdng thé do luong cac cam xuac bang cac phuong tién mot cach khach quan
va khd phan biét cac cam xac mot cach rd rang nén dan téi tinh nhap nhang trong céc
giai doan phat trién hé théng nhan dang cam xuc trong d6 ciing mot ngdn diéu cua
ngit liéu huan luyén song cd thé xay ra tinh trang cac cam xdc khéac nhau s& duoc géan
nhan ma nguyén nhan la sy khac nhau vé cam nhan cta nhitg ngudi gan nhan. Tur
d6, ciing c6 thé thay, véi cling mot ngir liéu huan luyén, trong truong hop nay hé
thdng khdng thé thyc hién nhan dang tot hon ngudi gan nhan.

23



Holzapfel va cong su (2002) [42] dd dé xuit viéc tich hop cam x(c vao ciu trdc
dic trung kiéu da chiéu. Cau tric nay khéng chi chaa théng tin vé ngit nghia ma con
chtra thong tin bo sung md ta ngudi néi va tinh trang. Theo d6, trang thai ddi thoai
cua ho dugc dic trung bang 7 bién bao gom kiéu cam xdc, kiéu hanh vi tiéng ndi, y
dinh cua ngudi dung va cac phép do tin ciy. Dé twong tac véi robot cé tinh dén cam
XUc, Cac tac gia da dé xuat chién luoc thao tac trong khong gian gia tri cua céc bién
trang thai 7 chiéu. Chién luoc nay cling quyét dinh cach phién dich nhu thé ndo vé
cam xuc, chang han xem tic gian nhu 1 phan tng d6i véi hé thdng bi hong.

Brown va Levinson (1987) [43] da thao luan vé anh huong cua biéu cam va su té
nhi ddi véi phong céch ngdn ngit va két qua nay da duoc Walker va cong su (1997)
[44] dua vao cac tac tir nhan tao cd ca tinh. Céc tac gia da dé xuat sy ung bién phong
cach ngon ngir dé lam cho cac tac tir nay hudng dén quan hé ngudi - ngudi va nhu
vay tuong tac trd nén dang tin hon. Ly thuyét cua cac tac gia da dua trén hanh vi tiéng
n6i dé biéu dién triru twong ngdn diéu va dit ké hoach cho tng bién. Cé thé c6 su
thay di trong ndi dung ngir nghia, dang ct phap va thé hién vé mat &m hoc. Chién
luge dé thuc hién mot y dinh nao d6 dugc lya chon dua trén 2 tham sb: khoang cach
x4 hoi gitra cac ngudi ding va hé thdng ddi thoai, thir hang ap dit cho hanh vi tiéng
noi hién tai (thap cho tin tot nhu chap nhan, cao cho tin xu nhu loai bo).

Ngoai van dé xem xét va kiém tra giai phap do nguoi diing dé nghi, hé thong hudng
dan thong minh duoc st dung cho céc 1énh co tro gitp may tinh. M6 hinh cam xuc
c6 két hop goi ¥ d6i véi cac hé thong nhu vay da dugc [45] nghién cau. Cau tric cam
xuc cua ho phan biét cac hanh vi theo cac cap: cap co ban, cap tha hai va cap tha ba.

Véi cac ngdn ngit c6 thanh diéu nhu tiéng Trung [46] hoac tiéng Théi, cao d6 duoc
dung dé phan biét nghia cua tir. Hon nita, voi ngodn ngit ¢6 thanh diéu, ngit diéu ciing
duoc sir dung. Nghién ciru trong [47] da thém vao mia mai va ngac nhién dé biéu thi
trang thai cam xuc ciia ngudi noi. Trong tiéng noi tong hop, sir dung yéu té ngir diéu
s& 1am cho tiéng noi ty nhién hon [48], [49], d6ng thoi phét hién trang thai cam xdc
ctia nguoi néi [23], [50], [51].

Déi voi cac nghién cau hién tai, c6 mot sé cach tiép can dé phan loai va nhan dang
cam xuc, tir viéc phién dich biéu cam khudn mat va ct chi trong hé thong da thé thic
[52] t6i do lwong vat ly [53], [54], [55], phan tich ngit nghia hoic két hop cac thé
thae nay. Pi voi nhan dang cam xuc dua trén tiéng ndi, bd nhan dang co thé bao
gom tir dién da duoc don gian hod, mé hinh ngdn ngit va mé hinh am hoc, viéc huan
luyén va nhan dang duoc thyuc hién theo cling cach. C6 mot sé céch tiép can dé gan
nhan ngir liéu tiéng ndi cam xdc. Néu chi cd mot vécto dac trung duoc trich rit tix
dang séng, twong tng chi can gan nhdn mdi phéat ngdn voi mot cam xic ma khang
xét dén khoang lang hoac nhimng thay do6i khéc trong dang séng.

Cung véi phuong phap nhan dang cam xdc duwa trén tin hiéu tiéng noi, trang thai
cam xtc cia mot 1o noi ¢d thé duge xac dinh bang cach xem xét ndi dung vin ban
(text) dung cho phéat ngdn. Mot mat, bai vi thao tac dugc thuc hién trén van ban,
phuong phap nay ty n6 khong can dén phan tich tin hiéu phic tap va phuong phap
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phan loai nhung mit khac, phai gia thiét van ban 1a két qua cua nhan dang dung, co
nghia 1 bd nhan dang tiéng néi truéc d6 da thuc hién tin cay.

Gia thiét ta c6 cau voi cam xtc trung tinh “Toi mudn vé vao thir Hai”. Cau nay c6
thé duoc mé rong dé biéu thi cam xuc vui thanh cau “ Oi tuyét qua, tdi thich vé vao
ngay thtr Hai” hodc biéu thi cam x(c tirc gian “Chét tiét, tdi phai vé vao thi Hai”.
Nhu phan text nhan manh cho thay, phan Ién théng tin vé cam xc c6 lién quan chat
ché vai céc tir khoa can dugc nhan ra. Danh muc cac tir khoa mang dau hiéu cam xuc
nhu viy di duoc nghién ctu ddi véi tiéng Anh [8], [56].

Hién nay, nhiing két qua nghién cau vé nhan dang cam xuc da dugc cong bb hau
nhu méi chi tap trung vao mét sé ngdn ngir thdng dung trén thé gisi. Béi vai tiéng
Viét, cac nghién cau duoc thuc hién con rat it. Hién tai, nghién ctiru vé cam xuc tiéng
Viét da duoc thuc hién & cap dé ngdbn ngit nhung con it nghién ctru da duogc thyc hién
& phuong dién xt Iy tin hiéu. C6 thé ndi, bo ngir liéu dau tién vé cam xuc tiéng Vieét
la bo ngir liéu da dugc L& Thi Xuyén xay dung trong luan an tién si cua minh [57].
Bo6 ngir liéu c6 ndi dung gom 5 cau va 2 ngudi n6i (Mot nam, mot nix). Cac cau nay
cling duoc hai ngudi Phap noi trong ng bang tiéng Phap. Nguoi noi ty tap luyén thé
hién cam xuc ciia minh theo cac cau va cudi cing mai dugc ghi am. Trong sé 5 cau,
c6 4 cau dugc thé hién véi 12 cam xGc khac nhau: binh thuong*, lra ddi, bat ngo*,
vui*, tirc gian*, hai long (thoa mén), xac nhan, chan nan*, khuyén bao, nghi ngo*,
mia mai* va héi han. Cau con lai duoc thé hién bang 7 cam xuc (bay cam xuc dugc
danh dau *). Dya trén bo ngit liu nay, Lé Thi Xuyén da nghién ciru cac tin hiéu tiéng
noi dai dién cho thai do tam Iy va biéu cam, méi quan hé gitra cac su kién am thanh
va két qua cua cac thr nghiém nhan thuc, trai nghiém chéo trong ca hai ngén ngi.

Vé mat ngbn ngit, co thé ké dén cong trinh “Ngir diéu tiéng Viét so khao™ ciia Pd
Tién Thang cong bb nam 2009 [58]. Trong [58], tac gia di xét dén cac ngir diéu voi
chtrc ning ngir phap nhu ngir diéu cu tao va ngir diéu muc dich, ngir diéu tinh thai
Vi chirc nang biéu cam, ngir diéu ham y véi chirc nang 16gic, ngit diéu hanh vi va
ngtr diéu hoi thoai véi chire nang dung hoc.

C6 thé noi, cac nghién ctu vé tiéng noi tiéng Viét voi giong tran thuat (binh
thuong) da co nhiéu két qua rat tét. Trong khi d6, chura 6 nhiéu nghién ciru vé phuong
dién cam xdc trong tong hop hay nhan dang tiéng Viét. Mot s6 nghién ciu vé cam
xuc tiéng Viét da duoc cong b thudng duoc thuc hién trén ngit liéu da thé thie, két
hop video biéu hién khudn mat, cir chi va tiéng ndi vai tng dung chu yéu dé tong hop
tiéng Viét. Chang han nghién ciu trong [59], [60], [61] da thir nghiém mé hinh héa
ngodn diéu tiéng Viét voi ngir lidu da thé thicc nham tong hop tiéng Viét biéu cam. Céac
tac gia cua [62] dd dé xuat md hinh bién d6i tiéng Viét noi dé tao biéu cam trong kénh
tiéng noi cho nhan vat ao néi tiéng Viét. Trong nghién ctu nay, ngit liéu c6 cam x(c
bao gébm céc phat am tiéng Viét cia mot nam nghé si va mét nix nghé si phat am 19
CAu & nam trang thai co ban: binh thuong, vui, budn, tic gian va rat tic gian.

Phan trén caa luan an da trinh bay tinh hinh chung trong va ngoai nuéc vé nhan
dang cam xuc tiéng néi. Noi dung tiép theo sau day ciia luan an sé khéi quat hoa mot
s6 bo phan 16p thuong st dung cho nhan dang cam xdc.
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1.3 So’ d6 chung cho hé théng nhan dang cam xuc tiéng noi

Nhin chung, hé théng nhan dang cam xdc tiéng néi xét theo phuong dién xir ly tin
hiéu cua cac ngbn ngir khac nhau thudng dugc thuc hién theo so d6 khéi trén Hinh 1.2.

TRiCH RUT PAC PHAN LOP
TIN HIgy TRUNG - HMM KET QUA
VAO | - Caods . GMM NHAN DANG

Cacmdutin | | - Nangleong - ANN Dura trén két aug
Y S . TAn oA wa trén ket qua

hiéu tieng noi . Tan so formant . SVM phén Io”p
\ J \ J

/ |
Giai doan 1 Giai doan 2

Hinh 1.2 So do chung cho hé thong nhédn dang cam xc tiéng noi

Céc hé théng nhan dang cam xuc tiéng néi thuong gom 2 giai doan:

e Giai doan 1 14 giai doan tién xu ly. Tir ngit liéu sin co, giai doan nay trich rat cac
dic trung thich hop nhu tan s6 FO, nang luogng, formant va dai thong twong tng, ...

e Giai doan 2 & phan loai cam xuc dya trén cac bo phan 16p, bo phan 16p s& quyét
dinh giong ndi c6 cam xuc nao.

Trén thuc té, phan 16n cac nghién ciu hién tai trong nhan dang cam xac déu tap
trung vao giai doan 2 boi vi giai doan nay 1a két ndi gitra két qua nhan dang va céc
k§ thuat phan 16p. Hién nay, cac bo phan 16p truyén théng da duoc sir dung hau nhu
trong tat ca cac hé théng nhan dang cam xuc tiéng n6i. C6 nhiéu kiéu bo phan Iop
khac nhau dé nhan dang cam xdc tiéng néi nhu HMM (Hidden Markov Model),
GMM (Gaussian Mixture Model), SVM (Support Vector Machines), ANN (Artificial
Neural Network), k-NN (k-Nearest Neighbor), ... Noi chung, khéng cé mét su thoa
thuan vé bo phan 16p nao 1a thich hop nhat cho phan 16p cam xtc. Dudng nhu mdi
bo phan 16p co uu thé va han ché riéng cua né. Luan an sé tap trung vao cac bo phan
I6p théng ké vi cac bo phan 16p nay dugc dung rong rai nhat trong bdi canh nhan
dang cam xuc tiéng noi.

1.4 Mdt sé bd phan 1&p thweng dung cho nhan dang cam xuc

1.4.1 Bé phan I&p phan tich phan biét tuyén tinh LDA

Phan tich dit liéu 1a budc then chét trong bat ky qué trinh nhan dang mau va lién
quan chit ch& véi hiéu nang va tinh phic tap cia bo phan 16p. Trén thuc té, néu nhu
céc dic trung dugc trich rt tir tin hiéu van con mang y nghia vat 1y (bién do, tan so,
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duong bao...) thi cac dic tinh c6 duge sau budc phan tich di liu s& mat di y nghia
vat ly trong khdng gian biéu dién mai. C6 nhiéu ky thuat dugc dung dé phan loai dit
liéu, trong d6 ky thuat PCA (Principal Component Analysis) va LDA (Linear
Discriminant Analysis) 12 hai ky thuat thuong dugc sir dung dé phan loai dix liéu va
giam chiéu. Muc tiéu caa LDA 12 téi thiéu hoa khoang céch cua cac vécto trong cling
mot 16p va cuc dai hda khoang cach gitra cac tam 16p.

Gia str cac ddi twong thudc vao N 16p, m,, 12 x4c suat tién nghiém dé mot d6i tuong
dén tr 16p tha n, f,(x) = P(X = x|Y = n) la ham mat do xac suat dé ddi tuong X
lay gié tri x khi dang & 16p tha n, gia dinh £,(x) 1a ham chuin Gauss da thé hién
(phuwong trinh (1.1)) [63].

1 1 -
fn(x) =N(Q;uX) = POLEDEE o2 WTE T x-p) (1.2)

Trong d6: p 1a ky vong, £ 14 ma tran hiép phuong sai, D 1a s chiéu caa khdng
gian vao.

Dinh ly Bayes [64] dugc md ta & phuong trinh (1.2) cho phép tinh xac suét hau
nghiém dé d6i twong c6 gié tri bang x khi thudc vao 16p n.

T fn ()

év=1 7, fi(x)

Déi tuong sé dugc nhan vao 16p ndo cb gia tri xac suat hau nghiém tuong tng 16n
nhét (phuong trinh (1.2)). V&i phuong phép phan tich phan biét tuyén tinh LDA, gia
str mdi 16p 6 riéng gia tri ky vong u,, song tat ca cac 16p déu c6 chung ma tran hiép
phuong sai 2. Phuong trinh (1.3) sau day duoc goi 1a cac ham phan biét tuyén tinh
(Linear Discriminant Functions).

PY=nlX=x)= (1.2)

1
5, (x) =xTxy, — Z,u,TlZ‘lun + logm,, (1.3)
Vi 6, (x) 1a ham tuyén tinh cua x nén phuong phap nay duoc goi 1a phuong phap
phan biét tuyén tinh.
1.4.2 B6 phén I&p phéan tich khac biét toan phwong QDA
V6i bd phén 16p khac biét toan phuong QDA (Quadratic Discriminant Analysis),
gia sir mdi 16p ¢6 ma tran hiép phuong sai riéng %,,, khi d6 ham phan biét s& duoc
biéu dién bang phuong trinh (1.4) [65].
1 1
6n(x) = - Eloglznl - E (x - 'un)TZ*El(x - .un) + lognn (1'4)

Céc tham sb p,, Va I, trong cac phuong trinh (1.3) va (1.4) s& dugc xac dinh trong
qué trinh huan luyén dya vao céc dix liéu huan luyén.
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1.4.3 B6 phan I&p k lang giéng gan nhat k-NN

V&i mdi ddi twong x trong tap thir nghiém, can tinh gid tri Y, (x) theo phuong trinh
(15).

1
Y,(x) = szieNk(x)yi (1.5)

Trong phuong trinh (1.5), N, (x) 1a lang giéng cua x, bao gdm k diém gan x nhat
trong tap huan luyén, y; la trong s6 caa diém trong tap huan luyén. Déi tuong x duoc
nhan dang vao I1ép n néu Y, (x) dat gia tri 16n nhat khi so sénh véi céc gia tri ¥, (x).

1.4.4 B phan I&p hé tro vécto SVC

B6 phén I6p SVC (Support Vector Classifier) 1a sw mé rong cua bo phéan 16p phéan
biét tuyén tinh véi 1& cuc dai (maximal margin classifier), cho phép phan 16p véi cac
I6p khéng thé phan tach bang mot bién gigi tuyén tinh [65]. L& cuc dai duoc xac dinh
nhu sau: véi mdi mau trong tap huan luyén, tinh khoang cach truc giao dén bién gioi
phan 16p; 18 1a khoang cach tryc giao téi thiéu tim dwoc. B phan I6p ndy chon bién
gidi phan 16p co 1& dat gia tri 16n nhat, nghia 1a bién gisi phan 16p phan biét tét nhat
cac mau trong tap huan luyén. Cac vécto nam trén 1& duoc goi 1a cac vécto hd tro.
Phan I6p SVC sé& tim bién gigi phan 16p phi hop nhat véi da s6 cac mau va chap nhan
mot sé mau huan luyén bi phan 16p sai (dugc diéu chinh bang tham s6 C nhu sé trinh
bay trong phuong trinh (1.7) dudi day). Phién ban m¢é rong ctia phuong phap nay la
may hd tro vécto SVM.

1.4.5 Bd phan I&p may hé tro véctor SVM

Phan 16p SVC chi c6 kha niang tim dugc bién gidi phan Iép tuyén tinh. Trong khi
d6, bién giéi phan 16p tuyén tinh lai khdng phi hop véi mot sé dit liéu cu thé. Dé van
c6 thé sir dung bién gii phan Ip tuyén tinh, mot phuong phap dugce dé xuat 1a mo
rong s tham sé biéu dién d6i twong dya trén cac tham sb da c6. SVM 1a bo phan 16p
cho phép thuc hién hiéu qua sy mo rong nay véi mae do tinh toan hop ly.

Xét bai toan sir dung SVM dé phan chia cac miu thanh 2 16p. Gia sur tap huan
luyén bao géom N mau x;, i = 1,2, ..., N. C4c mau nay dugc phan vao 16p y;, i =
1,2, ..., N; y; chi lay céc gia tri -1 hozc 1. Bién gici phan 16p duoc biéu dién bang vé
trai cia phuong trinh (1.6).

N
FO) = o+ ) ak(x,x) (16)
i=1
Thuc chit da phan cac gia tri a; déu bang 0, chi trir nhiing gia tri a; cua cac vécto
hd trg. Cac gia tri nay bi gisi han theo phuong trinh (1.7).
0<a,<Ci=12.,N (1.7)
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C la gié tri cho phép cac mau bi vi pham. Khi € cang nho, I& s& cang rong, va
nguoc lai khi € cang 16n, 1& s& cang hep, k 1a ham kernel cua hé théng, u va v 12 hai
vécto cua tap huan luyén. Véi bo phan 16p hd trg vécto SVC, k duge tinh theo phuong
trinh (1.8).

k(u,v) =uTv (1.8)

Véi SVM, ham k duoc sir dung dé bién d6i khéng gian tham sd, va dwgc tinh theo
phuong trinh (1.9) véi y 1a hé sb bién d6i caa ham k.

k(u,v) = exp{—y|u—v|*} (1.9)

Khi d6, thuat toan thuc hién tim cac gia tri 5, va a; theo phuong trinh (1.10) véi
k 1a matran N x N tinh trén tat ca cac cap mau su dung trong qué trinh huan luyén.

N
1

minZ(l —yif(x)) +=a"ka (1.10)

Poe £ 2

Qua trinh phan 16p duoc thuc hién bang cach tinh ham f (phuong trinh (1.6)) trén
mau can thir nghiém. Tay vao dau caa ham £ ma mau thir nghiém s& dugc phan vao
mot trong hai 16p.

Dé ap dung SVM cho bai toan phan 16p nhiéu mau, phuong phap duogc st dung 13
one-versus-one: xay dung (k/2) bd phan I6p cho tirng cip lop. Mdi mau thir nghiém
s& dugc dua qua tat ca cac bo phan 1op nay. Lop nao chiém da sé s& duogc coi 1a két
qua nhan dang.

Trong ba bo phan I6p LDA, QDA va k-NN trén day, phan I6p QDA thyc hién phan
biét cac 16p thdng qua bién gisi phan 16p tuyén tinh. Nhu vay, bién gioi phan 16p
tuong ddi thd véi cac bo dit liéu phuc tap. Trong khi d6, véi bo phan 16p k-NN, két
qua nhan dang lai qué phu thudc vao mét sé mau nhat dinh (k mau) xung quanh mau
can nhan dang. Vi thé, phuong phap k-NN cho két qua rit dao dong theo bo dit lidu.
La mot cai tién cua phan 16p LDA, phan 16p QDA cho phép tao ra bién gi¢i phan 16p
phi tuyén, nhu vay cho phép nhan dang mém déo hon cac mau.

So vai bo phan 16p SVM, céac bo phan 16p trén da st dung toan bo dir lidu huan
luyén dé xay dung bién gidi phan I6p. Trong khi d6, phan 16p SVM chi sir dung cac
vécto hd trg dé quyét dinh bién gisi phan 16p. B phan 16p hd trg vécto SVC chi sir
dung bién gigi phan I6p tuyén tinh, con bo phan 16p SVM lai cho phép xay dung bién
gigi phi tuyén véi sy ma rong sb luong tham sb 1on. Vé mat thuc chat, phan 16p SVC
cd thé coi 1a phan 16p SVM véi ham nhan tuyén tinh (duoc tinh theo phuwong trinh 1.8).

1.4.6 B6 phan |&p HMM

B6 phan 16p HMM da duoc ding rong rai trong cac tng dung nhu nhan dang tiéng
noi roi rac va tiéng noi lién tuc [6] vi HMM lién quan vé mat vat 1y véi co ché tao tin
hiéu tiéng n6i. HMM la qué trinh ngau nhién kép chtra chudi Markov bac nhat ma
c4c trang thai cta nd bi 4n ddi véi ngudi quan sat. Gan vaoi mdi trang thai 1a mot qua
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trinh ngau nhién tao nén chudi quan sat. Nhu vy, mdi trang thai an caa mé hinh nam
bat dwgc cu trdc thoi gian cua dit liéu. V& mit toan, ¢ mé hinh hda mét chudi vécto
dit liéu quan sat dugc, x; ... x; bang mot HMM, gia thiét ton tai chudi Markov an dé
tao ra ddy quan sat nay. Ky hiéu K 1a s6 trang thai, m;, i = 1, ... K 1a cac Xé4c suat trang
thai khéi dau déi voi chudi Markvo an con a;;,j = 1, ... K 1a Xac suat chuyén doi tir
trang thai i sang trang thai j. Thong thuong, cac tham s6 HMM duoc ude luong dya
trén nguyén ly cuc dai kha hién. Bing cach gia thiét cac ddy trang thai thuc su 1a
S1, -, S, Kha hién cua dit liéu quan sat dugc cho bai cong thuc (1.11).

p(Xl, S1 o X7y ST) =T, b51 (Xl)a51,52 bsz (XZ) asT_l,sTbsT (Xr)

T (1.12)
= T, bsl (x1) 1_[ ast_l,stbst (X¢)
t=2

trong do: b;(X;) = P(x|s; = i) lamat d6 quan sat cua trang thai thir i. Mat d6 nay co
thé 12 roi rac vai HMM roi rac hozc 1a mat do hdn hop Gauss déi véi HMM lién tuc.
Bai vi day trang thai thuc chi yéu 1a chua biét nén phai lay tong cho tat ca cac day
trang thai cd thé co dé tim ra kha hién cua day dir liéu da cho, nghia la:

T
p(Xy, ..., X7) = z <n by, (X,) H as,_.s.bs, (xt)> (1.12)
S1,.9ST t=2

1

Pé tinh ham kha hién véi do phuc tap O(KT) ¢ thé sir dung cac thuat toan rat
hiéu qua nhu cac thuat toan tién va IUi [66] [67]. Trong giai doan huan luyén, cac
tham s6 HMM duogc xac dinh nhu 1a cac tham sb cuc dai hoa kha hién caa (1.12).
Piéu nay dat dugc bang céch str dung thuat toan cuc dai hda ky vong EM trong [68].

1.4.7 B6 phéan I&p GMM [63]

M6 hinh GMM 1a mé hinh xac suat dé danh gia mat do bang céch sir dung té hop
16i cua cac mat do chuan da thé hién. GMM c6 thé duoc xem nhu HMM lién tuc dic
biét chira chi mot trang thai [69]. GMM rat hiéu qua khi mé hinh héa cac phan b da
thé thirc va cac yéu cau vé viéc huan luyén it hon nhiéu so véi yéu cau caa HMM lién
tuc téng quét. Do vay, GMM thich hop hon cho nhan dang cam xuc tiéng néi khi chi
c6 dic trung tong quan duoc trich rdt tir tiéng ndi ding cho huan luyén. Tuy nhién,
GMM khéng thé md hinh hda cau tric thoi gian caa di liéu huan luyén boi vi tat ca
cac phuong trinh huan luyén va nhan dang déu dya trén gia thiét rang tat ca cac vecto
la doc lap.

1.4.7.1 M6 hinh hén hop Gauss

Phan bd Gauss con dugc goi 1a phan bd chuan duoc sir dung rong rai nhu 1a mo
hinh cho phan bé cua cac bién lién tuc. Trong truong hop bién don x, phan bé Gauss
c6 thé duoc viét dudi dang:
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1 1
N(XLH,O'Z) = Wexp {—F X — ‘U)Z} (113)

Phan b4 Gauss nhu trén duoc chi phdi bai 2 tham sé: ky vong u va phuong sai o2.
Hinh 1.3 12 vi du cho phan bé Gauss don bién don thé hién véi u = 0,0 = 1.

0.45
N(xlp, 0?)

04

035¢

Hinh 1.3 Phan bé Gauss don bién don thé hién véip = 0va o = 1
Tur (1.13) c6 thé thay phén bo Gauss thoa man:

N(x|lu,02) =0 (1.14)
Phan bd Gauss duogc chuin hoa:
ij(qu,az)dx =1 (1.15)
Ky vong cua x theo phén_bog Gauss:
E[x] = joo]\f(xlu, o%)xdx = (1.16)
M6 ment bac 2: -
E[x?] = fooN(xI,u,az)xzdx =u?+ o? (1.17)
Tu (1.16) va (1.17), phu’o;log0 sai cua x s€ la:
var[x] = E[x?] — E[x]? = o2 (1.18)
Truong hop véc to X ¢6 D chiéu, phan b Gauss da thé hién c6 dang:
Nl D) = G e G- - w) (19)
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Trong biéu thirc trén, p 1a véc to Ky vong cé D chiéu, Z 1a ma tran hiép phuong sai
c6 kich thugc D x D con |X| la dinh thac cioa X.

Gia thiét tap di liéu cua cac quan st 1A x véix = (x, ..., xy)T biéu dién cho N
quan sat caa bién vo hudéng x. Ciing gia thiét cac quan sat duoc sinh ra mot cach doc
lap tir phan bé Gauss c6 ky vong p va phuong sai o chua biét va ta mudn xac dinh
cac tham sb nay tir tap dit lieu. Cac diém dit liéu duoc sinh ra mot cach doc 1ap tir ciing
mot phan bd s& duoc goi 1a c6 phan bd gidng nhau va doc lap (independent and
identically distributed —i.i.d). Boi vi tap dit liéu x 13 i.i.d, nén c6 thé viét nhu sau cho
X4c suat cua tap dir lieu véi p va o2:

N
p&ln, o) = | [ lno? (1.20)

Mot khi duoc xem nhu 12 ham cua u va o2, day 1a ham kha hién Gauss va c6 thé
dugc dién dich nhu Hinh 1.4,

0.45

p(x)
04 ¢

.35

N (xnl, o)

0.15
0.1

005 F

Hinh 1.4 Ham kha hién dsi véi phan bé Gauss.

Phan bb Gauss c6 nhitng thudc tinh giai tich quan trong song dé md hinh hda céac
tap di liéu thuc lai ¢6 han ché. Vi vay, viéc xép chong tuyén tinh cac phan bb Gauss
s& dac trung t6t hon cho dic tinh phuc tap cua tap dir liéu thuc. Bang cach st dung
s6 lwong du 16n cac thanh phan Gauss, diéu chinh ky vong va phuong sai cta ching
cling nhu diéu chinh cac hé s cua to hop tuyén tinh, cd thé xap xi phan Ion cac phan
bd lién tuc bat ky véi do chinh xac tly y.

32



c)
Hinh 1.5 Minh hea hén hop 3 thanh phdn Gauss trong khdng gian 2 chiéu
a) Puong bao mdt dé khéng doi cho 3 thanh phan hon hop; b) Puong bao cia mdt dé
X&c sudt bién p(x) cia phan bé hén hop, trong sé lan lwet 120,5, 0,3 va 0,2;
¢) Biéu dién phan bé p(x) theo bé mait.

Xét truong hop xép chong cua K phan bé Gauss nhu sau:
K

PO = ) e N (Kl B (121)
k=1
Pay 1a trudng hop phan b6 Gauss hon hop. Mdi mét phan b N (x| py,, Zx) duoc
goi la mot thanh phan ciia hdn hop c6 ky vong va phuong sai riéng K, Xy tuong tng.
Hinh 1.5 cho thay phan bé Gauss c¢6 3 thanh phan. Tham sé 7 1a cac hé sb hdn
hop. Tich phan ca hai vé cua (1.21) d6i véi x va luu y ca p(x) va cac thanh phan
Gauss riéng ré déu dugc chuan hoéa, ta co:

K
z =1 (1.22)
k=1

Yéu cau p(x) = 0, NV (x|, ) = 0dan téi m, > 0 ddi véi moi k. Két hop véi
(1.22) sé co:
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0<m <1 (1.23)

Cac hé s6 hdn hop ciing thoa mén diéu Kién nhu 1a xac suat. Tuong dwong véi biéu
thire (1.21), c6 thé viét:

K
P = ) p(OpxIK) (124)
k=1

Trong d6, 7, = p(k) 1a x4c suit tién nghiém cua thanh phan thi k.
N(x|p, 2) = p(x]k) 1a xac suat co diéu kién cua x ddi véi k. Mot dai luong
quan trong nita la xac suit hau nghiém p(k|x). Tir dinh Iy Bayes, ta co:

_ p(k)p(x|k) _ T NV (x| e, Z,)
Xip(Dp|1) Xim N x|, Zp)

Dang phan bé hdn hop Gauss duoc chi phéi bai cac tham sé 7, p va X, trong do
T={my, .., mx}, W= {Uy, .., U} VAZ = {2, ..., 2 ). Dé thiét lap gia tri cua cac
tham s6 nay c6 thé dung cuc dai kha hién (likelihood). Tir (1.21), logarit caa ham kha
hién cho boi:

P = ) p(OPxIK) (1.25)
k=1

n=1 k=1

N K
Inp(X|7, w5 = Z In {Z aucann zk)} (1.26)

Trong d6 X = {X,, ..., Xy}. C6 thé thay rang day 1a trudng hop phuc tap hon nhiéu
s0 v&i phan bd Gauss don do c6 tong theo k bén trong logarit. Vi vay loi giai cua cac
tham s khong con duéi dang giai tich nita. Trong truedng hop nay o thé st dung cuc
dai ky vong dé nhan duoc loi giai.

Gia thiét bién z nhi phan ngau nhién K chiéu cé mét trong K cach biéu dién trong
d6 phan tir dic biét z, = 1 con cac phan tir khac bang 0. Vi thé gia tri z, thoa man
7, € {0,1} con X, z, = 1. Co thé thay co6 K trang thai ddi véi véc to z twong (ng voi
né ¢6 phan tir khac 0. Binh nghia phan bd két hop p(x, z) theo phan bd bién p(z) va
phan bd ¢ diéu kién p(x|z) tuong tng vai md hinh trén Hinh 1.6.

z

Hinh 1.6 D6 thj biéu dién mgt md hinh hdn hop trong dé phdn bé két hop dwoc biéu dién
duoidang p(x,z) = p(z)p(x|z)

Phan b bién d6i véi z duge quy dinh tiry thudc vao cac hé sé hdn hop m;, sao cho
p(z, =1) = m,.
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Tham sé {m, } phai thoa man: 0<m <1 (1.27)

Cung véi: m, =1 (1.28)
Vi z dung mét trong K cach biéu dién nén c6 thé viét phan b nay duéi dang:
K
p(z) = 1_[ T (1.29)
k=1

Tuong tu nhu vy, phan bé cé diéu kién cua x véi mot gia tri dac biét cua z ciing
la phéan bo Gauss:

p(xlz, = 1) = N (x|py, Zi) (1.30)

Cong thuc nay ciing ¢6 thé dugc viét dudi dang:
K
p(x|z) = n]\f(xluk, x,) (1.31)
k=1

Phan b két hop cho bai p(z)p(x|z) con phan bé bién cua x la tong cua cac phan

b két hop lay cho tat ca cac trang thai cé thé cé cua X:
K
PO = ) p@pXID) = Y 1N (xlpe, B (L32)
Z k=1

O day da st dung cong thire (1.30) va (1.31). Nhu vay phan bd bién cia x 1a phan b
Gauss hdn hop c6 dang (1.21). Néu c6 cac quan sat Xy, ..., Xy va phan b bién co dang
p(x) = Y, p(x,z) nén véi mdi diém dir lidu quan sat duoc x,, s& ¢6 bién tiém an z,, .

Tir d6 s& c6 cong thuc twong duong cua phan bd Gauss hdn hop tuong tng véi
mét bién tiém an duoc biéu dién tuong minh. Nhu vay, cé thé lam viéc véi phan b
két hop p(x, z) thay cho lam viéc véi phan b bién p(x) va diéu nay dan toi don gian
hoa rat quan trong théng qua thuat toan cuc dai héa ky vong (EM — Expectation
Maximization).

Mot dai lwong khac dong vai tro quan trong la xac suat cé diéu kién cua z véi x da
cho. St dung ky hiéu y(z,) cho p(z, = 1]|x) va y(z;) duoc Xac dinh theo dinh Iy
Bayes nhu sau:

p(zx = Dp(X|z, = 1)
Kip(z = Dp(xlz = 1)
T N (X 1y, )

LV (x[ny, %)

1, 12 X4c suat tién nghiém dé z, = 1 con y(z,) 1a xac suat hau nghiém tuong tng khi

d3 co quan sat x. y(z,) ¢6 thé xem nhu 1 dai luong dong vai tro trach nhiém dan toi
phan tir k s& liy quan sat x.

Y(z) = p(z, = 1]x)

(1.33)
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1.4.7.2 Cuc dai héa kha hién

Gia thiét c6 tap di liéu quan sat {x,, ..., Xy} va ta muén md hinh hoa dit liéu nay
bang phan b Gauss hdn hop. Co6 thé biéu dién tap dit liéu nay nhu 1a ma tran X c6
kich thuéc N x D trong d6 hang n 1a x%. Twong tu nhu vay, cac bién an duoc biéu
dién bing ma tran Z kich thuéc N X K véi cac hang la z!. Gia thiét rang cac diém
dit liéu co phan bd doc 1ap nén c6 thé biéu dién mé hinh Gauss hdn hop dbi véi tap
dir liéu nay bang cach biéu dién dd hoa nhu trén Hinh 1.7.

3>

Hinh 1.7 D6 th; biéu dién mgt md hinh Gauss hon hop

Hinh 1.7 biéu dién cho mot tap N diém ngau nhién doc 1ap c6 phan bé giéng nhau
{xn}, V6i cac diém tiém an {zn}, trongdon=1,..., N.

Tur (1.21), log cua ham kha hién cho béi:

N K
Inp(X|T, W, X) = Z In Z 1V (X | 1 i) (1.34)
n=1 k=1

O day c6 van dé quan trong lién quan téi viéc cuc dai hoa kha hién cho mé hinh
Gauss hon hop do c6 tinh don diéu. Dé don gian, xét phan bd Gauss hdn hop trong
d6 cac thanh phan cia no cé cac ma tran hiép phuong sai cho boi Z;, = o211 véi | la
ma tran don vi. Két luan duoc rat ra ciing s& dung véi tredng hop ma tran hiép phuong
sai tong quat. Gia thiét mot trong cac thanh phan caa mé hinh hdn hop chang han
thanh phan tha j c6 trung binh Ia , chinh xac bang mét trong nhiing diém di ligu sao
cho p, =x, dbi voi mot gia tri nao d6 caa n. Biém dir liéu nay s& tham gia vao sb
hang trong ham kha hién duéi dang:

1 1

N (Xn|Xp, 0f1) = @i o

(1.35)
Néu xét gisi han khi o; > 0, s6 hang nay sg tién téi v han. Vi thé log ctia ham kha
hién ciing tién t6i vO han. Nhu vay, viéc cuc dai hoa cua ham log kha hién 1a bai toan
duogc dit ra khdng thich hop boi vi tinh don diéu nhu thé ludn ludn coé mat va xuat hién
bat cir khi nao mét trong nhitng thanh phan cua phan bé Gauss cham téi mot diém di
liéu cu thé. Van dé nay khdng xay ra véi phan bd Gauss don. Nhu vy luu y rang khi ap
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dung cuc dai kha hién ddi véi mé hinh hdn hop Gauss phai theo cac budc dé tranh tim
ra lo1 giai vo ly va tranh di tim cuc dai dia phuong cia ham kha hién.

Vién dé khac lién quan t6i loi giai cuc dai kha hién la vai bat ky nghiém cuc dai
kha hién nao thi hdn hop K phan tir s& c6 K! nghiém tuong dwong tng vai K! cach
gan K tap cac tham sb cho K thanh phan. Néi cach khac, ddi véi diérp da cho bat ky
(khéng suy bien) trong khdng gian cac gia tri tham so6 s€ ¢6 K! — 1 diém nira c6 cung
phan bd.
1.4.7.3 EM cho Gauss hén hop

Xét cac diéu kién can phai duoc thoa man tai cuc dai cua ham kha hién.

Dao ham cua Inp(X|m, p, X) trong (1.34) ddi véi trung binh , cua cac thanh phan
Gauss va gan bang 0, ta co:

2, (x, — 1.36
ZjﬂjN(th-lj;Ej) k(x .uk) ( )

v(Z) = T NV (X [ ks Z) .
2V (X 1), ;)
O day da dung cong thirc (*) dbi voi phan bé Gauss. Luu ¥ 13 cac xac suat hau
nghiém y(z,) trong (1.33) Xuat hién rét tu nhién bén vé phai. Nhan ca 2 vé vai £
va sap xep lai ta co:

N
0= _Z T NV (X | g, 2y
n=1

N
1

e =37 D, YE%s (1.37)

n=1

Trong do6 dinh nghia:

N
Ny = Z Y(Zni) (1.38)

n=1

C6 thé xem N, nhu 1a sb luong thuc té cua cac diém da duoc gan cho cum k. Luu
y t6i dang 161 gidi nay. C6 thé thay rang nhan duoc trung binh w, doi véi thanh phan
Gauss thir k bang cach Iy trung binh cé trong s cua tat ca cac diém trong tap di liéu
trong d6 trong sb dbi vai dit lieu x,, 1a xac suat hau nghiém y(z,;) ma thanh phan k
tao nén x,,.

Néu cho dao ham cua In p(X|m, w, £) di vé6i T, bang 0 va Iy luan twong ty,
bang cach st dung nghiém cuc dai kha hién dbi voi ma tran hiép phuong sai cua
Gauss don bién, ta co:

N
1
%, = N—k;wznk)(xn — 1) (% — )" (1.39)

Cong thirc nay c6 cung mot dang véi két qua twong tng cho ham Gauss don bién
khép cho tap dit liéu trong d6 mdi diém dix liéu duoc gan trong sé bang xac suat hau
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nghiém tuong wng. Con mau sb cho boi s6 lwong thuc té cua cac diém da gan cho
thanh phan twong tng.

Cudi cung, cuc dai hoa In p(X|m, p, £) vai cac hé sé hdn hop m;, c6 tinh dén rang
budc (1.22) tuc la tong cac hé sé hdn hop phai bang 1. Piéu nay dat dwoc bang cach
sur dung nhan tir Lagrange va cuc dai hoa dai luong sau day:

K

Inp(X|T, 1, E) + A Z T —1 (1.40)
k=1

Tu do co:

O N Kl )
ZZ Xl 2y (1.41)

0=

L ¥ (X, |1y, Z))
O day lai thay xuat hién cua xac suat hau nghiém. Néu nhan ca 2 vé vai m, va lay

tong theo k vai rang budc (1.22) s& co6 A = —N. Dung két qua nay dé loai A va sap

xép lai ta c6:

Ny
T[k:W

(1.42)

Nhu vay hé s6 hdn hop ddi vai thanh phan tha k 13 trung binh cta xac suat hau
nghiém ma thanh phan dé lay dé c6 cac diém dir ligu.

Can nhan manh rang cac két qua (1.33), (1.35) va (1.38) khong phai Ia nghiém
dudi dang giai tich doi véi cac tham sé caa mo hinh hdn hop vi xac suat hau nghiém
v(z,) phu thudc vao cac tham sé nay theo mot cach phic tap thong qua (1.29). Tuy
nhién cac két qua nay goi y cach thac truy hdi don gian dé tim ra nghiém cua bai toan
cuc dai kha hién, chinh la mét truong hop cua thuat toan EM cho riéng mé hinh Gauss
hdn hop. Pau tién chon cac gia tri khai tao cho trung binh, hiép phuong sai va cac hé
s6 hén hop sau d6 s& luan phién giira hai cap nhat: budc E va buéc M.

Trong budc ky vong (budc E) s& dung cac gia tri hién tai cua cac tham sé dé danh
gi4 cac xac suat hau nghiém cho béi (1.29). Sau d6 dung cac X4c suat nay & budc cuc
dai hoa (buéc M) dé danh gia lai trung binh phwong sai va cac hé sé hdn hop bang
cach dung cac két qua (1.33), (1.35) va (1.38). Luu y rang bang cach lam nhu thé,
dau tién s& danh gia cac gia tri trung binh mai bang cach dung (1.33) sau d6 dung cac
gia tri mai nay dé tim ra cac gia tri hiép phuong sai bang cach dung (1.35) trong khi
giit nguy@n cac két qua twong tng di véi phan b Gauss don bién.

C6 thé chi ra rang mdi cap nhat dbi vai cac tham sb 1a két qua tir bude E sau d6 la
buéc M s& dam bao lam tang ham log kha hién. Trén thyc té, thuat toan duoc coi la
hoi tu khi ¢6 su thay d6i cia ham log kha hién hoic 1a twong duong nhu vay ¢6 su
thay d6i cac tham s roi xudng thap hon mét ngudng nao do.
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Trang thai khoi tao Budc lip cudi cung 100

Log-Likelihood theo s6 budc lap

1.92
1.901
1.88
1.86
1.84
1.82

0 20 40 60 80 100
c)

Hinh 1.8 Phan bé cua 2 tdp diz liéu 2D va PDF twong 1ng theo GMM
a) Phan bé cua 2 tdp di liéu 2D va khdi tao ban dau cia EM; b) PDF cua 2 tdp di
liéu sau buréc Iap 100 ciia EM; ¢) Log-Likelihood theo sé buwéc lap

C6 thé minh hoa thuat toan EM cho hdn hop cta hai phan b Gauss trén Hinh 1.9
véi tap dix liéu trén Hinh 1.8. O day c6 hdn hop cua hai phan b Gauss duoc sir dung.
Céc tam duoc khoi tao ban dau nhu Hinh 1.8, ma tran hiép phuong sai duoc khoi tao
véi gid tri nhu nhau con ty 18 ctia 2 thanh phan dwoc khoi tao 12 0,5 va 0,5. Hinh 1.9
cho thiy cac diém dir liéu mau xanh lam va mau do cung véi cau hinh khai tao cia
mo hinh hdn hop trong d6 duong bao PDF cho hai thanh phan Gauss dugc biéu dién
bang cac duong tron mau xanh lam va mau dé. Hinh 1.9 a) cho thay két qua caa budc
lap dau tién.

Tinh trang sau budc M dau tién duoc biéu dién trén Hinh 1.9 ¢) trong d6 trung
binh cia phan b Gauss xanh d3 duoc chuyén thanh trung binh cua tap dit liéu duoc
lay trong s6 bang xac suat caa mdi diém di lieu thudc vé cum mau xanh, néi cach
khac, 1a diém chuyén t6i trong thm cua mau xanh. Ciing nhu thé, hiép phuong sai cua
phan b Gauss mau xanh dugc dit bang hiép phuong sai mau xanh. Két qua ciing
tuong tu nhu vay déi véi thanh phan d6. Cac Hinh 1.9 d), e), f) cho thy két qua sau
cac budc cua thuat todn EM thir 15, 30 va 40 duoc hoan thanh tuong tng.
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a) Budc lip | b) Bude lip 5

-2 0 2 4 6 2 0 2 Rl 6

Hinh 1.9 Minh hoa thugt toan EM, phan bé di liéu va danh gié PDF theo EM
a) Sau buoc lap 1/100; b) Sau buéc lap 5/100; ¢) Sau budc lap 10/100; d) Sau budc

lép 15/100; e)Sau budc 1ap 30/100; f) Sau budc 1ap 40/100

Hinh 1.9 f) Ia thuat toan tién téi hoi tu. Luu y 1a thuat toan EM can nhiéu budc lap
hon dé tién t6i hoi tu so vai thuat toan K-mean va mdi budéc lap can sb luong tinh
toan 16n hon nhiéu. Do d6 thuong chay thuat todn K-mean dé tim ra khoi tao thich
hop cho mé hinh Gauss hon hop sau d6 mai ap dung thuat toan EM. Cac ma tran hiép
phuong sai c¢6 thé khai tao mot cach thuan tién nhu 1a cac ma tran hiép phuong sai
cuia cac cum ma thuat todn K-mean da tim ra, con cac hé sé hdn hop c6 thé dit bang
ty 1é cac diém da duoc gan cho cac cum tuong Gng.
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1.4.7.4 Thuét toan EM cho mé hinh Gauss hén hop
Cho md hinh Gauss hdn hop, muc tiéu la cuc dai héa ham kha hién d6i véi cac
tham s6 (bao gom trung binh, hiép phwong sai ciia cac thanh phan va cac hé s6 hdn
hop)
e Khai tao trung binh p,, hiép phuong sai X, va cac hé sb hdn hop m,, dong thoi
danh gia gia tri khoi tao cua logarit kha hién.
e Budc E: danh gia cac xac suat hau nghiém sir dung gia tri cac tham sé hién tai

T N (X | e, Zi)
IV (% 1, 25)

e Budc M: danh gia lai cac tham sé bang cach st dung cac xac suat hau nghiém

Y(Zni) = (1.43)

hién tai
1 N
K = 32 > ¥ (@)% (144
k
n=1
1 N
ZR = 0 > V() (i — ) (X — 1) (1.45)
k n=1
mpew = 2k (1.46)
Trong do: N, =XN_ v(zo) (1.47)
banh gia logarit kha hién :
N K
InpX|p, X, m) = z In {z T N (X, | W, Zk)} (1.48)
n=1 k=1

Va kiém tra hoi tu caa cac tham sé hoic cua logarit kha hién. Néu tiéu chi hoi tu
khéng thoa man, tré lai budce 2.

Nhu vay md hinh hdn hop Gauss - GMM 1a mot dang mé hinh thdng ké duoc xay
dung tir viéc huan luyén cac tham s6 thong qua dir liéu hoc. Vé co ban, md hinh
GMM Xép xi mot ham mat do xac suit b%lng cach két hop cac ham mat do Gauss.

Déi v6i hudng tiép can mod hinh GMM dé giai quyét bai toan nhan dang cam xuc
ctia nguoi ndi, mdi cam xuc s& duoc mod hinh hoa bﬁng mot mo hinh GMM va bd cac
tham s6 s& duoc xac dinh thong qua vi¢e huin luyén trén tap mau hoc.

1.4.8 B6 phan I&p ANN

B6 phan 16p ANN c6 mét s6 wu thé so véi GMM va HMM. ANN duoc biét ¢c6
hiéu qua hon khi mé hinh hoa cac anh xa phi tuyén. Ciing nhu vay, hiéu ning phan
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l6p cia ANN thuong tot hon GMM va HMM khi s mau huan luyén tuong déi it.
Phan Ion cac ANN c6 thé duoc phan thanh 3 dang chinh: mang truyén thang MLP
(Multi Linear Perceptrol), mang hoi quy RNN (Recurrent Neural Networks) va mang
hudng ham co ban RBF (Radial Basis Functions) [6]. Trong d6, dang RBF it dung
trong nhan dang cam xuc tiéng néi. MLP thuong dung phd bién trong nhan dang cam
xuc tiéng noi vi dé cai dat va thuat toan huan luyén dugc dinh nghia ré rang khi cau
traic ANN duoc hoan toan qui dinh. Tuy nhién, céc bo phan 16p ANN c6 nhiéu tham
sb can phai lya chon thiét ké nhu dang ham kich hoat noron, sé luong 16p an va sé
noron trong mdi 16p. Trén thyc té, hiéu ning cua ANN phu thudc rit nhiéu vao céc
tham sb nay. Nhu vay, trong mot sé hé théng nhan dang cam xdc thuong st dung tir
2 bo phan 16p ANN tré 18n [29]. So d6 két hop thich hop thuong dung dé t6 hop cac
dau ra ctia cac bo phan 16p ANN riéng rg.

1.5 Mot sé két qua nhan dang cam xuc dwerc thwce hién trong va
ngoai nwoc

Hién nay, cac md hinh nhan dang cam xuc tiéng noi kha da dang. Vi vay, da co
nhiéu nghién cau phéi hop thir nghiém cac phuong phap thuc hién mé hinh khac
nhau. Trong [70], cac tac gia da thyc hién nhan dang 5 cam xdc véi 25 mau giong noi
cho tiéng Mandarin (Trung Quoc). C6 60 tham sé dic trung lién quan dén MFCC,
tan s6 co ban, bién thién trung binh qua truc khéng trong thoi gian ngan va ning
lwgng trong thoi gian ngan dugc sir dung dé nhan dang. Két qua nhan dang dya vao
bo phén I6p GMM da dat duogc ty 1€ nhan dang chinh xac trung binh khoang 80%.
Trong [71], tac gia di sir dung HMM va GMM dé nhan dang 5 cam x(c vui, budn,
tic, ngac nhién va binh thuong véi két qua dat duoc vé do chinh xéac tir 67,39% -
82,49% khi dung HMM va tir 68,39% - 78,27% khi dung GMM.

Nghién ctu [72] dung bo phan I6p GMM vai bo dir lidu tiéng néi KISMET chira
726 giong ndi. Cac cam xuc duoc thé hién gom tan thanh, chua y, ngin chan, diu dang
va trung tinh. Tiéu chi lva chon md hinh dya trén kurtosis di dugc st dung dé xac
dinh sb thanh phan Gauss t6i wu cho mdi md hinh [73]. Do sb lugng phat ngon sin
c6 han ché nén mdi 1an lay 100 phat ngdn dé nhan dang. Ky thuat lya chon dic trung
SFS duoc dung dé lya chon cac dic trung tot nhat tir tap chira cac dic trung cao do
va nang luong hinh [6]. Do chinh xé4c cuc dai dat duoc 1a 78,7% véi 5 dic trung tét
nhét. Bang cach sir dung so dd phan 16p tuan ty ¢6 phan cap, do chinh xac nhan dang
tang 1én 81,94%. GMM ciing dugc dung véi mét s6 dir liéu khac nhu BabyEars [74].
Ngit liéu nay gom 509 giong noi, trong dé6 c6 212 giong cam xUc tan thanh, 149 giong
cam xuc 16i cudn, 148 giong cam xUc ngan chan. Ldi danh gia chéo dugc do véi sb
thanh phan cia GMM tir 1-100. Hiéu ning trung binh tét nhat khoang 75% twong
g véi s6 thanh phan mé hinh bang 10.

Két qua twong tu vai dir lisu FERMUS 111 [75] chita 5250 mau gom C&c cam xuc co
ban va cam xuc trung tinh. C6 16 thanh phan GMM duoc dung d¢& mé hinh héa cam
xuc. Do chinh xéc trung binh dat 74,83% ddi véi nhan dang doc lap nguoi ndi va 98,7%
d6i v6i nhan dang phu thudc ngudi néi. Cac két qua nay dua trén danh gia chéo.
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Dé md hinh héa ciu tric thoi gian caa di liéu, GMM thich hop vaéi viéc xt Iy tu
hdi qui vecto trong mé hinh GMVAR duoc dung cho nhan dang cam xdc trong b
ngit liéu Berlin [76]. Cac cam xuc dugc nhan dang 1a vui, budn, chan, tic, ghé tom
va binh thuong. Cam xuc ghé tom dugc bét di vi sé lwgng phét ngon it. GMVAR c6
d6 phan 16p chinh xac la 76% so véi 71% cia HMM, 67% caa k-NN va 55% cua
mang noron. Thém vao d6, GMVAR cho d6 chinh xac 90% khi chia cdc cam xuc
thanh 3 16p con HMM chi dat 86%.

Dé nhan dang cam xuc cho tiéng ndi duogc ghi lai trong 10 gid tir mot trung tam tra
loi cac cude goi cap cau y té bang tiéng Phap, cac tac gia trong [77] st dung may hd
trg vécto SVM va md hinh cay logic LMT dé phan loai hai cam xuc tiéu cyc va tich
cuc. Ty 1€ nhan dang dat khoang 82%. V&i nghién cuiu [78], tac gia da sir dung mo
hinh GMM thuc hién nhan dang bén cam xac vui, budn, tic va binh thuong. Ngir liéu
gom 30 giong nam va 25 giong nit, két qua nhan dang dung trung binh dat 60%. Trong
[79], c4c tac gia da sir dung md hinh nhan dang SVM cho 6 cam xdc: vui, buon, chan,
ghé tom, so hai, binh thudng véi ngit liéu thar nghiém st dung bo ngit liéu tiéng Drc.
C6 182 tham sb dic trung duogc sir dung dé nhan dang bao gom:

e Gia tri trung binh, phwong sai, trung vi, gia tri min, max va pham vi cua bién

do tiéng nodi

e Gia tri trung binh va phuong sai ciia ning lugng tiéng noi

e Gia trj trung binh, phuong sai, trung vi, gia tri min, max va dai cao do tiéng noi

e Giatri trung binh, phuong sai, gia tri min, max va pham vi ciia 4 formant dau tién

e Ning lugng ctia 22 bang tan con dau tién theo thang Bark

e Gia tri trung binh, phuong sai, gia tri min, max va pham vi cua 12 hé s MFCC

e Cic dic trung dang pho: center of gravity, do l1éch chuén, skewness va kurtosis

e Trung binh va d¢ léch chuan caa chu ky xung thanh mén, gia tri tuyét db6i cua

bién dong cuc })cf), trung binh tuong doi cua nl}iéu loan, vi sai cia chénh léch
chu ky va hé s6 nhi€u loan theo chu ky nam diém.

Trong trudng hop nady, ty 1é nhan dang trung binh 1a 77,4% - 81,5% cho bén cam
Xac vui, budn, binh thuong va so hai. Bo ngit lidu tiéng Dic cling dugc ding dé nhan
dang vai nghién ctru caa [80], trong do6 gidi tinh dugc nhan dang trudc khi nhan dang
cam xtc. Khi c6 thém thdng tin vé giéi tinh, hiéu niang nhan dang caa hé théng da
duoc cai thién, ty 18 nhan dang tong thé tang 2% - 4% so véi khi khdng cé thong tin
vé gidi tinh.

Véi md hinh HMM, ciing da c6 rat nhiéu nghién ciu vé& nhan dang cam xuac st
dung m6 hinh nay. N6i chung, HMM ciing cho d6 chinh x&c phén 16p tuwong thich
Vé6i cac bo phan 16p da biét khac. Mo hinh HMM duoc dung trong [81] dé phan Iop
7 cam xdc: vui, buon, tic, ghé tom, so hdi, ngac nhién va binh thuong. Cac dac trung
LFPC, LPCC, MFCC duoc trich chon tir tin hiéu tiéng néi. Ngit liéu tha nghiém la
tiéng Trung va tiéng Myanma. Trong 720 file tiéng noi c6 432 file duoc dung dé huan
luyén con lai dé nhan dang. Ty Ié trung binh tét nhat la 78,5% va 75,5% cho tiéng
Trung va tiéng Myanma trong khi ding ngudi nghe dé phan 16p chi dat 65,8%. Nhu

43



vay, hé théng nhan dang cam xdc tiéng néi tot hon dbi véi riéng ngir liéu nay. Tuy
nhién, két qua nay khéng thé duoc tong quat hoa trir khi c6 mot nghién ciru toan dién
hon va c6 nhiéu ngit liéu hon duoc thuc hién.

HMM ciing dugc dung trong nhiéu nghién ctru khac nhu trong [82], [83]. Trong
[82], do chinh xéc dat 70,1% ddi véi viéc phan 16p cac giong noi thanh 4 16p véi ngir
licu SUSAS doc 1ap noi dung. Nghién ctru [83] ¢6 2 hé théng duoc dé xuat, hé thdng
thi nhat 1a hé théng thong thudng trong d6 mdi cam xuc duoc md hinh héa bang
HMM lién tuc c6 12 thanh phan Gauss cho mdi trang théi. Hé théng thtr 2 c6 HMM
lién tuc 3 trang thai dugc xay dung cho mdi 16p am vi. C6 46 4m vi duoc nhdm thanh
5 16p: nguyén am, am luét (glide), Am mii, 4m tic va Am xat. Mdi trang thai duoc
mé hinh hda bang 16 thanh phan Gauss. Dir liéu tiéng noi TMIT dugc dung dé huan
luyén HMM cho méi 16p &m vi. Bé danh gia két qua, cac file tiéng néi caa ngit liéu
tiéng ndi co cam xac duoc ghi am tai chd chtra cac cam x(c tac, vui, budn. Mdi file
tiéng noi dugc phan 1op theo mirc Am vi va nhan duoc chudi &m vi. Boi véi mbi phat
ngdn tiéng noi can nhan dang, mé hinh téng quat HMM dugc xay dung cho phat ngdn
d6 bao gom cac 165p HMM theo am vi dugc két ndi theo cling trinh tu cua ddy am vi
tuong Gng véi sé luong khung bat dau va két thuc cia mdi doan dugc xac dinh theo
thuat toan Viterbi. Thu tuc nay duoc lp lai cho méi cam xdc va tiéu chi cuc dai kha
hién dugc dung dé xac dinh cam xtc dugc biéu thi. Ngit liéu tiéng néi chira 704 file
cho huan luyén va 176 cho nhan dang. Do chinh xac tong thé nhan duoc dbi vai
HMM phu thudc 16p @&m vi la 76,12% so vai 55,68% khi dung SVM véi cac dic trung
ngon diéu va 64,77% dbi voi HMM nhan dang cam xdc néi chung. Dya trén két qua
nhan duoc ndy, c4c tac gia cho ring md hinh héa dwa trén &m vi cho két qua nhan
dang cam xuc t6t hon.

M6 hinh ANN ciing duoc sir dung trong nhiéu nghién ciu. Muyc dich chinh cua [29]
la sir dung m6 hinh ANN dé phan 16p 8 cam xdc: vui, tréu choc, so, budn, ghé tom,
tirc, ngac nhién va binh thudng véi ngit lieu cam xdc ghi am tai chd. Bo phan 16p co
ban 12 OCON bao gom 8 mang noron con MLP va mét bo diéu khién logic quyét dinh.
MJi mang noron con chira 2 16p an cling véi cac 16p vao va 1op ra. Lép ra chi chia
mét noron, con dau ra 12 gia tri twong tu tir 0-1. Mdi mang noron con dugc huan luyén
dé nhan dang mot trong tam cam xtic. Trong giai doan nhan dang, dau ra cia mdi ANN
qui dinh vécto tiéng noi dau vao la do cam xic nao tao 1a phd hop hon ca. Bo diéu
khién logic quyét dinh tao ra mot gia thiét nao d6 dua trén cac dau ra cia 8 mang noron
con. Hé théng nay duoc ap dung cho ngit liéu tiéng n6i ghi &m tai chd gdm 100 nguoi
noi, mdi ngudi ndi phat am 100 tir, mdi tir 8 lan, mdi lan cho mot cam xdc da noi &
trén. Do chinh xac phan 16p nhan dang tét nhat chi dat 52,87% khi huan luyén 30 giong
va nhan dang cho céc giong con lai, tirc 1a phén 16p doc lap nguoi noi.

Do phan 16p chinh xac twong tu cling dat dugc trong [84] vai cau tric mang noron
AlIClass-in-One. BSn cdu hinh mang da duoc thir nghiém trong nghién ct:u nay trong
d6 mang noron chi c6 mot 16p an chira 56 noron, 16p vao c6 7 hoic 8 noron con 16p
ra c6 14 hoic 26 noron. B chinh xac phan 16p dat duoc tét nhat trong trudng hop
nay la 51,19%. Cac md hinh phéan 16p 1a phu thuoc nguoi noi.
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Nghién ctu trong [85] dat két qua tét hon. Vi nghién ciu nay c6 3 cau hinh ANN
duogc sir dung. Cau hinh thir nhat 1a b phan 16p MLP 2 16p thong thudng, ngix lidu
cling duoc ghi am tai chd gom 700 phat ngbn cho 5 cam xuc: vui, tic, budn, so hai
va binh thuong. Tap con caa ngir liéu chira 369 phat ngon duoc lya chon dya trén cac
quyét dinh chu quan va duoc phan chia ngau nhién thanh tap con huan luyén chira
70% phat ngdn con lai tap con 30% dé nhan dang. P chinh xac trung binh vao
khoang 65%. Vi cau hinh thir 2, @6 chinh xac trung binh 1a 70% trong d6 cau hinh
so d6 két hop tiang cudng (boostrap aggregation (bagging)) da sir dung. So d6 nay la
phuong phép tao ra nhiéu phién ban caa bo phan I6p va ding cac bo phién ban do dé
c6 bo phan 16p dugc két hop véi d6 phan 16p chinh xéc cao hon [86]. Cubi cuing, ciu
hinh thir 3 cho d6 phan l6p chinh xac trung binh la 63%.

Trong nghién cuu [87], cac tac gia da sir dung mang noron ANN va ky thuat bo
loc théng cao dé phan loai 5 cam xtc vui, budn, tic, binh thuong va ghé tom véi cac
tham sé dic trung MFCC. Ngit lidu thir nghiém 1a 10 mau tiéng noéi cia 5 ngudi noi
V6i 5 cam xuc, ty 1é nhan dang dung twong d6i tét cho tirng cam xtc dugc thong ké
trong Bang 1.2.

Bang 1.2 Ty 1é nhdn dang cdc cam xiic dira trén ANN (nguon: [87])

Cam xuc Vui | Buon Tac | Binh thuong | Ghé tom
Ty l¢ nhandang | 95% | 94,16% | 92,74% 91,58% 93,42%

Két qua nhan dang cam xuc da dugc cac nha nghién ctiu cong bé kha nhiéu dong
thoi viéc tim kiém cac tham sb dic trung va mé hinh nhan dang dé cai thién hiéu
nang, nang cao ty Ié nhan dang van tiép tuc duoc thyuc hién véi nhiéu phuong phap
cho cac ngbn ngtr khac nhau. Mdéi day, cac tac gia trong nghién curu [86] da st dung
ki thuat hoc sau dé thuc hién nhan dang 5 cam xac: tac, vui, budn, binh thudng va
that vong. Ngit liéu duoc sir dung 1a IEMOCAP gom 12 gid ghi am duoc chia thanh
5 budi thu am. Mbi budi gom hai dién vién (mot nam va mot nix) thuc hién céc kich
ban cam xuc ciing nhu cac kich ban ngau hung. Tong cong, ngir liéu nay gom 10039
file tiéng noi véi thoi lugng trung binh mai file 14 4,5 gidy. Mé hinh mang noron lay
chap CNN cho két qua nhan dang dang trung binh dat 64,78% véi ngir liéu doc lap
ngudi n6i. Ngoai ra, cd nhiéu bo phan I6p khac dugc ding cho cac nhan dang cam
xtc nhu bo phan 16p k-NN [30], phan 16p mo [88], cay quyét dinh [89]. Tuy nhién
c4c bo phan 16p da noéi ¢ phan trén dic biét 13 GMM va HMM dugc sir dung nhiéu
dé nhan dang cam xdc. Bang 1.3 so sanh hiéu nang cta cac bo phan I6p théng dung
nhan dang cam xuc tiéng noi.

Bang 1.3 Két qua nhdn dang cam xuc ciia mét sé bg phan I6p phé bién (nguon: [6])

Bo phén lop HMM GMM ANN SVM

O 1 A - 0, -
prinoptung | 35T | T4EEOLON | oo e’ | gy
binh ' ' 63-70% ( [91]) ([30])

45



Bé phan lép HMM GMM ANN SVM
Thoi gian huan
luyén trung binh

Nho Nho nhat Lén Lén

Do nhay ddi voi

khoitaomo hinh | &Y Nhay Nhay Khong nhay

Mot cach lua chon khac 13 két hop sir dung nhiéu bo phan 16p dé nhan dang cam
xuc tiéng ndi [92], [93]. C6 ba phuong phap két hop cac bo phan 16p [93], [94]: phan
cap, ndi tiép, va song song. Trong phwong phap phan cip, cac bd phan 16p duoc sap
xép theo mét cu trac hinh cay, trong d6 tap cac 16p ung vién s& cang nho néu di theo
chiéu sau cua cay. Tai cac bo phan Iop & nat 14, chi con mot 16p sau khi quyét dinh.
Véi phuong phap néi tiép, cac bo phan 16p duoc dit trong mot hang doi, mdi bo phan
I6p 1am giam s lwgng cac 16p ung vién cho bd phan 16p ké tiép [43], [95] [96]. Déi
v6i phuong phap song song, tat ca cac bo phan 16p lam viéc doc 1ap va mot thuat toan
tron quyét dinh duoc &p dung cho cac két qua dau ra cua ching [97].

Phuong phéap phan cap da duoc ap dung trong [98] cho viéc phan 16p céc phat ngon
cua ngit liéu cam x(c Berlin [76], trong d6 muc tiéu chinh 1a dé cai thién phan Iop cam
xuc doc 1ap nguoi ndi. Nhitng cam xtc dugc hra chon dé phan loai gdbm: tirc, vui, budn,
chan, lo lang va binh thuong [99]. Hé théng phan 16p c6 phan cap xuat phét tir viec
nghién ciru tam trang cam xtic trong d6 cac cam xuc duoc thé hién trong ba chiéu: kich
hoat (activation) (dugc xem nhu arousal), tiém ning (potency) (duwoc xem nhu power)
va danh gi4 (evaluation) (duwoc xem nhu pleasure). Hé thdng phan 16p phan cap 2 tang
va 3 ting da dugc dé xuat trong [98], bo phéan 16p Naive Bayesian da dugc sir dung cho
tat ca cac phan loai. Ca hai hé théng duoc thé hién trong Hinh 1.10.

22 | co Nhan dang cam xtc > Tuc

< £ »| cac dac trung ngon diguva [ Vui

G an A i A R

< = chat luwong giong noi L i ha

6camxic | = En Hoi hop
c
'§' o |thap Nhan dang cam xuc — Binh thuong
IS , - A A N
S > cac ddc trung ngon dlcq va |—» chan
Z5 chat luong giong noi > Budn
a) Hé thong phan cap 2 tang
= | cao - thap » Hoihop
5 .| Nhan dang : |
j tidm nine cao Nhan dgng —>  Vui
5:: danhgida | Tuc
6 cam x1iq o

=y A ) .
< | thap ) €0 | Nhandang |—» Binh thuona
g Nhén dang | danh eid
& > Y o —> A
= tiém nang hé anh gta Chan
& thap » Budn

b) Hé thong phan cap 3 tang
Hinh 1.10 Phan cap cam xdc 2 tang 3 tang theo Lugger va Yang (nguon: [98])
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Trén Hinh 1.10, cac dic trung ngdn diéu bao gém sb liéu théng ké cua cao do,
nang luong, thoi han, phuong thirc phat am (articulation), ty 1& bién thién qua truc
khong. Céac dic trung chit luong tiéng noi duoc tinh toan 1a cac tham sé caa phd
ngudn kich thich va duoc goi 1a cac gradient pho [100]. Hé thong phan cip 2 tang
cho d6 chinh xac phan 16p 1a 83,5%, cao hon khoang 9% so véi két qua ma cac tac
gia da thu dugc trong mot nghién ctu trude dé véi cling cac dic trung chat luong
tiéng néi [101]. B4i vaGi phan 16p 3 tang, d6 chinh xé&c phan 16p ting 1én t6i 88,8%.
Trong hai nghién ctru nay, do chinh xac phan I6p dua trén danh gia chéo ty 1€ 1:10
song vécto dir liéu danh gia da duoc sir dung cho ca lua chon dac trung (trong d6
dung thuat toan SFFS) va nhan dang.

Ca 3 phuong phap tiép can két hop cac bo phan 16p duoc ap dung dé nhan dang
cam xuc tiéng noi trong [93]. Cac tac gia da dung cing mot thiét 1ap thar nghiém nhu
trong nghién ctru trude do6. Khi cac vécto danh gia dugc dung cho ca lya chon dac
trung va nhan dang, do chinh xac phan 16p vai cach tiép can phan cap, ndi tiép va
song song dugc tang 1én lan luot 12 88,6%, 96,5% va 92,6%. Khi dit liéu danh gia va
nhan dang khac nhau, d6 chinh xac phan 16p giam xuéng dang ké con 58,6%, 59,7%,
61,8% va 70,1% twong tng vaSi bo phan 16p don, phan 16p phan cap, ndi tiép va song
song.

Vai nghién ctru [102], cac tac gia da thuc hién nhan dang cam xac cho ngbn ngir
Malayalam — mét trong nhitng ngdn ngit phia nam caa An 6. Hé théng nhan dang
da str dung cac dic trung MFCC, niang luong trong thoi gian ngan (STE) va cao do.
Hai mé hinh ANN va SVM duoc sir dung dé nhan dang cac cam xuc. Két qua cho
thay truong hop st dung phuong phap nhan dang ANN c6 do chinh xac cao 88,4%
con truong hop st dung phuong phap SVM la 78,2%.

Trén day 1a cac két qua nhan dang cam xtc dd duoc thuc hién cho cac ngdn ngir
khong phai tiéng Viét. Ngoai cac nghién ciu trong [58], [57], [59], [60], [61], [62]
da duoc trinh bay trong muc 1.2, ¢6 thé néu lai cac cong trinh nghién ctru sau day lién
quan dén cam xuc tiéng Viét. Cac tac gia trong nghién ctiru [103] da sir dung SVM dé
phan I6p véi dau vao Ia tin hiéu dién ndo (EEG). Két qua cho thay, cd thé nhan dang
duoc trén thoi gian thuc 5 trang thai cam xuc co ban véi @6 chinh xac trung binh la
70,5%. Mot s6 tac gia Trung Qudc [104], [105] c6 két hop véi sinh vién Viét Nam
xay dung ngir liéu cam xuc tiéng Viét theo cach dong kich biéu 16 cam xc. Trong
nghién ciu [104], ngir liéu bao gdm phat ngdn cua 2 giong nam va 2 giong nix la sinh
vién Viét Nam véi 6 cam xuc vui, binh thuong, budn, ngac nhién, tac, so hai. Cac
tham sb dic trung duoc sit dung 1A MFCC, ning luong tin hiéu, cao d6 va cac formant
F1, F2, F3. Md hinh nhan dang duoc ding 12 GMM cho thdy, ty 1¢ nhan dang cao
nhét 13 96,5% di véi cam xtc binh thudng va thap nhat 1a 76,5% d6i véi cam xuc
budn. Con trong nghién cau [105], ngit liéu bao gom cac phét ngbn cia 6 nguoi noi
véi 20 cau va nhirng cam xtc nhu trong [104]. V&i mo hinh nhan dang st dung SVM
dua trén t6i uu hoa cua thuat toan Im-SFLA (Improved Shuffled Frog Leaping
Algorithm), ty 1¢ nhan dang tiéng Viét dat 96,5% d6i véi cam xuc binh thuong va
giam xubng con 84,1% cho cam xdc bat ngo.
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1.6 Két chwong 1

Chuong 1 di trinh bay tong quan nghién ctru vé phan loai cam xuc va mét sd
nghién cttu méi vé nhan dang cam xtc di dugc tién hanh trong va ngoai nude. Nhiéu
bo phan 16p di duoc thir nghiém dé nhan dang cam xtc nhu HMM, k-NN, GMM,
ANN va SVM. Tuy nhién, rat kho dé quyét dinh bd phan I6p nao thuc hién tét nhat
cho phan loai cam xdc vi viéc nhan dang duoc thuc hién trén cac ngir liéu cam xudc
khac nhau véi cac thiét 1ap thir nghiém khac nhau. Cac ki thuat nhan dang da lién tuc
duoc cai tién nham cai thién do chinh xac nhan dang va day van la thach thirc di voi
cac nha nghién cuu.

Hiéu nang cua cac bo nhan dang hién nay van can phai duoc cai thién mot céch
dang ké. D6 chinh xac phan 16p trung binh cua cac hé théng nhan dang cam xuc
khong phu thudc nguoi néi dat khoang 80% trong hau hét cac ky thuat duoc dé xuat
[6]. Trong mét s6 truong hop, chang han nhu [29], ty Ié dat vao khoang 50%. Déi véi
phén 16p phu thudc nguoi ndi, d6 chinh xac nhan dang vuot trén 90% trong mot vai
nghién cuu [30], [89], [106].

Hau hét cac nhom nghién ciu hién nay tap trung nhiéu vao nghién ctu cac dic
trung tiéng n6i va méi quan hé cua ching véi ndi dung cam xuc. Cac dic trung moi
cling da duoc phat trién nhu cac dic trung dya trén TEO. Ngoai ra, ciing c¢6 sir dung
cac ky thuat lya chon dic trung khac nhau dé tim ra cac didc trung t6t nhat cho nhan
dang cam xuc. Tuy nhién, két qua thu duoc khong nhat quén tir cac nghién ciru khac
nhau. Ly do chinh cd thé 1a do thyc té chi tirng ngit liéu cam xdc riéng biét dugc xem
xét trong moi nghién ciu.

Ciing can luu y rang, phan lén cac ki thuat phan 16p hién nay chua xét dén mo
hinh cau tric thoi gian cua dit liéu huan luyén va ciing chi c6 mot vai nghién ctiru xem
xét &p dung hé thong phan Iép dung nhiéu bo phan I6p (MCS) dé nhan dang cam xdc
[92], [93].

Cac két qua ciing cho thay, dbi véi tiéng Viét chua co nhiéu nghién ciru duoc cong
bd, do d6 can c6 nhirng nghién ctu vé nhan dang cam xdc cuaa tiéng Viét noi dé gop
phan cai thién cac ung dung cho tiéng Viét ¢é lién quan dén xu Iy tiéng noi.

Duya trén cac nghién ctru da trinh bay & trén, noi dung tiép theo cua luan an sé
nghién ctu vé ngit liu cam xGc tiéng Viét, cac tham sé tin hiéu tiéng néi cé anh
huong téi chat lwong nhan dang cam xuc tiéng Viét va sit dung mot sé6 mo hinh dé
thuc hién nhan dang thir nghiém cam xdc tiéng Viét.

Cac noi dung nghién ctru chinh cua chwong 1 da duoc cong bd trong cac bai bao
s6 2 va 4 trong danh muc cac cdng trinh nghién ctu caa luan &n:

2. “Emotion recognition and corpus for Vietnamese emotion recognition”, Tap
chi Khoa hoc va Cong nghé, PHSPKT Hung Yén, s 7, ISSN 2354-0575, trang
51-56.

4. “So sanh hiéu niang mét sé phwong phdp nhan dang cam xuc tiéng Viét noi”,
Ky yéu Hoi nghi khoa hoc cdng nghé qudc gia lan thi 1X, Nghién ciru co ban
va Ung dung Cong nghé Thang tin, Can Tho, trang 656-662.
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Chwong 2. NGU' LIEU CAM XUC VA CAC THAM SO PAC
TRUNG CHO CAM XUC TIENG VIET NOI

Xay dung ngir liéu va phan tich danh gia bd ngir liéu l1a khau quan trong trong qua
trinh thir nghiém nhan dang cam xuc. Chét lugng caa b ngir liéu c6 anh huang khéng
nho dén két qua nhan dang cac cam xdic. Mot b ngir liéu tét dugc dung cho nhan
dang véi thuit toan don gian s& tot hon so v&i viéc st dung thuat toan nhan dang phic
tap song lai duogc thir nghiém trén bo ngir liéu khéng phan anh ré cac cam xac. Vi
vay, phan ndy sé trinh bay cac phuong phap dé xay dung mot bo ngit lidu co cam xtc
da duoc cac nghién ctu thao luan. Tir d6, bo ngit liéu cam xuc tiéng Viét ciing dugc
xay dung ding cho thi nghiém nghién ctiu cta luan an. Céac tham sé dic trung cua
tin hiéu tiéng noi ciing 13 yéu td quan trong anh huong toi két qua nhan dang cam
xuc. Phan nay ciing trinh bay céc két qua danh gia bo ngit liéu cam xuc tiéng Viét va
cac tham sb dic trung cua tin hiéu tiéng ndi dugc sir dung.

2.1 Phwong phap xay dwng ngir liéu cam xuc

M6t van d& quan trong can duoc xem xét trong viéc danh gia hé thong tiéng noi co
cam xuc la chét luong cia ngit liéu duoc sir dung dé phat trién va danh gia hiéu ning
cua hé thong [6]. Muc tiéu va phuong phéap thu thap ngi liéu tiéng néi thay doi rat
nhiéu tly theo cac muyc dich phat trién hé thdng tiéng néi sau do.

Ngir liéu tiéng noi dugc xay dung ding cho phat trién hé thdng tiéng néi co cam
xUc c6 thé duoc chia thanh ba loai:

e Ngir liéu tiéng néi c6 cam xac dugc xay dung duwa trén dong kich (mo phong)

e Ngir liéu tiéng néi c6 cam xtc dugc xay dung dua trén suy dién

e Ngir liéu tiéng néi dugc xay dung dua trén cam xuc tu nhién

Ngir liéu tiéng ndi c6 cam xuc dua trén dong kich thuong dugc thu thap tir cac
nghé si nha hat hodc dai phat thanh ¢ kinh nghiém. Cac nghé si s& dugc thir thé hién
cac cam xuc khac nhau theo néi dung caa cau noi trung tinh vé mit ngdn ngit sau d6
thé hién cac cam xdc nay trong phong ghi am. Viéc ghi 4m duoc thuc hién trong céc
phién khac nhau dé tinh dén su bién ddi theo thoi gian cia ca mic d6 biéu cam 13n
co ché tao tiéng ndi cia con ngudi. Pay 1a phuong phap dé dang hon va dang tin cay
trong viéc thu thap ngit liéu tiéng néi cd cam xdc trong mot pham vi rong. Hon 60%
cac ngi liéu thu thap cho nghién ciru vé tiéng néi 1a thudc loai ngit lidu nay. Cac cam
xuc thu thap theo cach mé phong cé rat nhiéu trong tu nhién va thuong duoc biéu
hién manh m&, két hop phan 16n céc khia canh néi bat d6i véi cam xtc [107]. N6i
chung, cac cam xuc dong kich c¢6 xu huéng dugc biéu thi manh mé& hon so véi cam
xuc thuc [6], [108]. Mot vi du vé ngir liéu duoc xay dung theo phuong phap nay la
ngi liéu Berlin vé tiéng noi c6 cam xuc [109].

49



Ngir liéu tiéng noi c6 cam xuc suy dién duoc thu thap bang cach mé phong cac
tinh hudng cam xdc nhan tao ma nguoi noi (chu thé) khéng biét truéc cac cam xic
can biéu thi. Nguoi n6i bi 16i kéo vao nhirng cam xdc gan véi tinh hudng, trong dé
cac béi canh tinh hudng duoc tao ra ¢ dinh théng qua d6i thoai dé suy dién cac cam
xuc khéac nhau cua chi thé ma céc chu thé khong biét trudc cac loai cam xdc can dién
dat. Ngit liéu suy dién c6 thé ty nhién hon ngir liéu déng kich, nhung cac chu thé s&
cd thé khong dién dat duoc cam xic mot cach thich hop néu nhu ho biét trude dang
dugc ghi am. Poi khi, ngit lidu nay duoc ghi &m bang cach yéu cau chu thé trao doi
bang 161 voi may tinh va méay tinh do ngudi diéu khién. Nguoi diéu khién khdng biét
gi vé& chu thé dbi thoai [110].

Khong gidng nhu cam xtc déng kich, cam xUc ty nhién duoc biéu thi mot cach
thich hop hon. Nhung ddi khi rat kho dé nhan biét mot cach ré rang cac cam xdc nay
va chiing dugc xem nhu la cam xuc khéng rd rang. Ngt liéu trong treong hop nay co
thé duoc ghi &m tir cac cudc di thoai qua tong dai dién thoai, ghi am tir budng &
may bay trong céc tinh hudng bat thuong, doi thoai giita bénh nhan va bac si,... Tuy
vay, rat kho dé co duoc dai cam xdc rong trong céc trudng hop dé. Viéc phan loai
cam xUc s& mang tinh chi quan cao va thuong khdng théng nhat va day 1a loai ngir
liéu lién quan dén tinh phap 1y nhu tinh riéng tu va ban quyén.

CAc tac gia trong [111] ciing phan biét hai loai ngit liéu di véi viéc xay dung ngit
lieu tiéng ndi c6 cam xac. Po 1a ngit liéu nhan tao (ngir liéu dong kich) va ngi ligu
ty nhién doi thuc. Ngit liéu c6 cam xuc tu nhién co thé dugc xay dung hoic 1a bang
cach ghi &m tinh hudng thuc nhu ddi thoai ¢ tong dai dién thoai hodc phong vén
truyén hinh [112]. Hoic mot phuong phép rat pho bién dé xay dung ngit liéu 1a thu
thap cac ngit liéu ma khéng can co su diéu khién nao, tuc 1a ghi &m tiéng noi hang
ngay hoic cac chuong trinh man dam. Ngay ca trong cac tinh hudng thuc nhu vay,
dic tinh tiéng noi cd thé dugc diéu khién nho su trg gidp caa cong sy hoac cac dién
vién khong chuyén tham gia vao tuong tac. Hon nita, ngir liéu co thé dugc xay dung
trong phong thi nghiém hoac trong doi thuc. Thach thuc trong viéc ghi am doi thuc
nhu ghi 4&m chuong trinh man dam hay tiéng n6i hang ngay la 1am thé nao dé c6 duoc
ngit liéu véi chat luong ki thuat tét, dac biét khdng c6 nhiéu nén bén ngoai. Trong
cac trng dung dic biét, khi cam xdc can duoc nhan dang & moéi trudng nhidu thi ngir
liu c6 mot sé dang nhidu nén lai 13 hiru dung.

Nhu vay, dé xay dyng ngit liéu cam xdc cé thé thuc hién theo cac phuong phap
nhu: ghi 4m truc tiép cac d6i thoai tu nhién, xay dung kich ban sao cho cac ddi thoai
duoc cac nhan vat tiy bién cam xdc theo tinh hudng, ghi am truc tiép giong cac nghé
sTdién dat c4c ndi dung theo yéu cau biéu dat cam xtc cho truée. Trong sé cac phuong
phap nay, phuong phap ghi am giong cac nghé si biéu dat cam xac cho trudc Ia
phuong phap cho phép xay dung dugc ngit liéu thuan loi hon theo thiét ké dinh san,
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dé dat duogc sé lwgng 16n ngit liéu ddng nhat, tir d6 thuan tién cho viéc phan tich xac
dinh tham sé dic trung mot céch tin cay. Vi vay, ngit liéu sir dung trong nghién ctu
cua luan an ciing dugc xay dung theo phuong phap nay.

2.2 M6t s6 bd ngir liéu cam xuc hién cé trén thé gidi

Theo théng ké trong [113], d4 c6 nhiéu ngit liéu cam xtc duoc xay dung cho cac
ngdn ngir khac nhau trén thé giodi véi sb lugng bd ngir liéu twong tmg duge dat trong
ngodc don nhu sau: Anh (43), Phap (5), Ptc (14), Nga (1), Trung Québc (11), Nhat
(6)...Trong sb cac ngit liéu nay, c6 mot sé ngit liéu duoc xay dung ddng thoi cho 2,
3 hoic 4 ngdn ngit khac nhau. Bang 2.1 dudi day théng ké mot s6 bo ngir lidu dung
cho cac ngon ngir khac nhau.

Bang 2.1 Mét sé bg ngiz liéu cam xic (nguon: [6])

STT Ngir liéu Cé4c thong s6 chung vé bd ngir ligu

LDC - Ngon ngir: tiéng Anh
Emotional - C6 7 nghé si gdm céc dién vién chuyén nghiép, 10 cau
Prosody noi ’

1 | Speech - C06 15 cam xtc: Binh thuong, hoang loan, lo lang,
and néng gian, tac gian, lanh lung, tuyét vong, buon, han
Transcripts hoan, vui, quan tdm, chan, xau hé, kiéu ngao, khinh
[114] thuong

. - Pugc cong b va dung mién phi

Berlin A <o gik .
emotional - Ngon ngu./tleng buc

2 - C6 800 phat ngdn, 10 ngh¢ si chuyén nghiép
database f o Y SN 2 e A

- CO 7 cam xuc: tuc, vui, buon, sg héi, ghé tom, chan nan,
[115] \ \
binh thuong

Danish - Pugc cong bd song can phi ban quyen

3 emotional - Ng0n ngir: tieng Pan Mach
database - C6 4 nghé si khong chuyén
[116] - C6 5 cam xuc: tac, vui, buon, ngac nhién, binh thuong

- Khéng cbng bd
- Ngbn ngi: tiéng Mandarin (Trung Quéc) lay tir cudc
4 | Natural [117] | goi trung tam
- Gom 388 phat ngdn, 11 nguoi noi
- C06 2 cam xuc: tire, binh thuong
- Khéng céng bd
- Ng6n ngir: tiéng Mandarin (Trung Qudc)
5 | ESMBS[118] | - Gom 720 phat ngdn, 12 ngudi ndi 1a nghé si khong
chuyén
- C6 6 cam xuc: tic, budn, ghé tom, so hai, ngac nhién

- Tiéng Anh (186 phat ngdn), tiéng Slovenian (190 phat
6 | INTERFACE ngdn), tiéng Tay Ban Nha (184 phat ngdn), tiéng Phap
[119] (175 phét ngon)

o1



STT

Ngir liéu

Cé4c thong sé chung vé bd ngir liéu

- C6 8 cam xuc: tac, ghé tom, s¢ héi, vui, ngac nhién,
buon, binh thuong noéi cham, binh thuong ndi nhanh
- Ngudi ndi la cac nghé si

KISMET
[120]

- Khéng céng bd

- Ngbn ngit: tiéng Anh My

- C06 1002 phat ngbn

- C6 7 cam xuc: bang long (tan thanh), niém no, ngan
cam, d& chju, tan thanh, thu hut, binh thudng

- C6 3 nguoi noi la nghé si khong chuyén (nir)

BabyEars
[121]

- Khdng cong bd

- Ngbn ngi: tiéng Anh

- C6 509 phat ngbn

- C06 12 nghé si (6 nam + 6 nir)

- C6 3 cam xuc: tan thanh, thu hat, ngan cam

MPEG-4
[122]

- Khéng cong bd

- Ngbn ngit: tiéng Anh

- CO 2440 phét ngbn, 35 nguoi noi U.S. American
movies

- C6 7 cam xdc: vui, tic, ghé tom, so hai, budn, ngac
nhién, binh thuong

10

FERMUS 111
[123]

- COng bd nhung can phi ban quyén

- Ngbn ngit: tiéng D, tiéng Anh

- C6 2829 phat ngén, 13 nghé si

- C6 7 cam xuc: vui, tac, ghé tom, so hai, budn, ngac
nhién, binh thuong

11

KES [124]

- Khéng céng bd

- Ngbn ngit: tiéng Han

- C0 5400 phat ngdn, 10 nghé si khong chuyén
- C6 4 cam xUc: binh thuong, vui, budn, tic

12

CLDC [125]

- Khéng cong bd

- Ngbn ngit: tiéng Trung

- C6 1200 phat ngbn, 4 nghé¢ si khong chuyén

- C6 6 cam xdc: vui, tirc, ngac nhién, so hai, budn, binh
thuong

13

Amir et al.
[126]

- Khéng céng bd

- Cé4c nghé si khong chuyén gébm 60 nghé si Hebrew va
1 ngh¢ si Russian

- Qé 6 cam xUc: tac, ghé tom, so hai, vui, binh thuong,
buon

14

Pereira [127]

- Khéng cong bd

- Ngbn ngit: tiéng Anh

- C6 5 cam xUc: ndng gian, gian lanh lung, vui, budn,
binh thuong

- C0 8 phéat ngbn, 2 nghé si khong chuyén
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Hau hét cac bo ngir lidu déu khong dugc phd bién rong rai nén khé co thé lay dé
ding chung cho cac nghién ciu. Nhin chung, sé luong giong néi va noi dung noi
chua nhiéu, sb luong cac phat ngbn cho cac cam xuc khong déu nhau. Vi vay, cac
nha nghién ciru s& kho so sanh két qua trong qua trinh danh gia khi thir nghiém.

2.3 Ngir liéu cam xuc tiéng Viét

B6 ngir liéu cam xc tiéng Viét dung cho cac nghién ciu trong luan an duoc lua
chon tir bo ngwr liéu BKEmMo. BKEmMo dugc xay dung tai Dai hoc Bach khoa Ha Noi
[128] va c6 thé coi day 1a bo ngit liéu c6 sé lwong ngudi noi, cau noi, sb lugng phat
ngdn kha déng déu va co thé dung cho cac nghién ciru vé nhan dang cam xuc tiéng
Viét.

Bo ngit liu BKEmo da dugc thu am tir giong cua 56 ngudi gom 28 nam va 28 nir
la cac dién vién, nghé si 1ong tiéng chuyén nghiép, duoc lua chon theo céc tiéu chi:
c6 do tudi trai déu tir 18 dén 60 tudi, co phan bd can bang gitra giong nam va giong
nit, c6 kinh nghiém va biéu dat tdt, rd rang cam xtc khi néi. Kich ban thu duoc sap
xép khong xuat hién theo quy luat cu thé dé ngudi néi c6 thé biéu 16 cam xdc tot nhat.
Nguoi néi duoc huan luyén biéu dién mdi cam xtc theo mét cach théng nhat (cung
mat kiéu vui, ciing mot kiéu budn...) dé nhan ra hay dé biéu 16 nhat, tranh tinh trang
ngit liéu gébm rat nhiéu cach biéu 16 khac nhau cho ciing mét cam x(c nhung mdi loai
lai chi ¢ vai cau gy kho khin trong viéc tim quy luat. Tiéng néi duoc ghi am véi
tan s6 1dy mau 16kHz, 16bit/mau. Mdi cam xtc duoc phat am 4 lan. Viéc ghi am
duogc tién hanh trong studio dung cho 16ng tiéng phim. Dung lugng ghi am khoang
4GB.

Kich ban thu &m gom 55 cu va ca 55 cau dugc phat am cho 4 cam xdc: vui, budn,
tc va binh thuong. Cac cau c6 chira tir cam than hoac khdng chira tir cam than sé can
dugc biéu 16 cing mot kiéu cam xc trong sé bon cam xdc.

Dit liéu thu xong dugc xir 1y truée bang cach st dung cong cu cat bo hét khoang
ling & dau va cudi cau, nghe nhanh mot lugt dé loai bo cac cau bi 16i trong qua trinh
thu hoic cit ty dong.

B ngit lidu dugc sir dung dé nhan dang trong luan an la ngir liéu duoc chon ra tir
bo ngir liéu cam xuc tiéng Viét BKEmo. Bé tranh su khong dong déu vé sé luong
ngudi noi, Cu ndi, gisi tinh cho mdi cam x(c nhu da trinh bay trong phan 2.2, luan
an da Iya chon céc file ngir liéu tiéng noi tét nhat caa 8 giong nam va 8 giong nit voi
bdn cam xac vui, budn, tic gian, binh thuong. Cac file cam xuc dugc lya chon véi
22 cau co ndi dung khac nhau, mdi cau duoc noéi 4 1an ¢ cac thoi diém khac nhau.
Trong sb cac cau d6, co cau ngin, cau dai, cAu cam than nhu “Cé lwong roi”, “Oi
dao, nguwoi nhw vay khéng thay doi dwoc daw” dé phan tich cac tham sé dic trung cua
cam xac. Tong sb file 1416 x 4 x 22 x 4 = 5632 file. Cac file nay da dugc nghe
lai dé loai bo nhiing file chwa thé hién dung cam xGc hoic kiéu dién dat cho mot cam
xtc khong dong déu nén sé file con lai 12 5584 file. Trong d6, sb lugng file cam x(c
cho mdi giong nam va nir 1a 2792 file. Moi cam xuc co 1396 file.
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Noi chung dé thuc hién cac thir nghiém, bd ngir liéu tiéng noi c6 thé dugc phan
chia theo doc lap hoac phu thuoc nguoi noi, doc 1ap hoac phu thuéc ndi dung. Nhu
vay chi c6 bon kha niang dé lva chon ngix liéu cho thir nghiém: ngit liéu phu thudc ca
ngudi noi 1an ndi dung, ngit liéu phu thude ngudi noi va doc lap vé noi dung, ngtr liéu
doc lap nguoi noi va phu thudc noi dung, ngir liéu doc 1ap ca nguoi noi va noi dung.
Vi vay luan an da chia ngit liéu theo cach nay dé danh gia chi tiét hon vé két qua nhan
dang cam xuac ddi véi ngudi nodi va déi véi ndi dung.

Bo ngit liéu dung dé thir nghiém nhan dang cam xdc tiéng Viét trong luan an dugc
chia thanh bén tap ngit liéu (Bang 2.2). Mdi tap ngit liéu lai dwoc chia thanh 2 phan:
mot ntra ding cho huan luyén va nta con lai dung cho nhan dang.

Bdng 2.2 Ngir liéu cam xdc tieng Viét ding cho ther nghiém

Tap 2 So file So file
~ 1A , . Tong £ ”
ngir Ngir liéu thie nghiém £ e huan thw
. so file . o
ligu luyén nghiém
Testl | Phu thudc ca nguoi noi va noi dung 5584 2792 2792

Test2 | Phu thudc nguoi noi, doc 1ap noi dung 5584 2793 2791
Test3 | Boc lap nguoi néi, phu thudc ndi dung | 5584 2794 2790
Test4 | Boc lap ca nguoi noi va noi dung 2803 1403 1400

Sau day, bdn tap ngir liéu néu trén s& dung cac Ky hiéu nhu sau: Testl duoc ky
hiéu T1, Test2 dugc ky hiéu T2, Test3 dugc Ky hi¢u T3, Test4 dugc ky hiéu T4.

Véi ngit liéu phu thudc ca nguoi néi va ndi dung T1, tap ngit liéu huan luyén va
nhan dang déu c6 noi dung cau ndi va giong ngudi néi nhu nhau tuy nhién thoi diém
phat ngén 1a khac nhau cho cting mot cau ndi. Vi vay, T1 van hoan toan c6 y nghia
thuc té do tinh da dang cua tin hiéu tiéng noéi. Tinh da dang cua tin hiéu tiéng noi thé
hién & chd cing mot ngudi Ndi cing mot &m song céc tin hiéu tiéng ndi cho am nay
khong hoan toan nhu nhau khi phat 4m & cac thoi diém khéac nhau [129]. Nhu da trinh
bay & trén, d6i véi ngit lisu BKEmo, mdi cau dugc ngudi ndi phat ngén 4 lan ¢ 4 thoi
diém khac nhau. Ngir liéu phu thudc nguoi néi nhung doc 1ap noi dung co giong
ngudi ndi nhu nhau nhung s luong cau néi duge chia doi, ndi dung cia 11 cau dung
dé huan luyén khac véi noi dung 11 cau con lai ding dé nhan dang. Di véi ngit lidu
doc lap nguoi noi, phu thudc ndi dung, sb lwong ngudi néi duoc chia doi va ngudi
noi dung cho huan luyén khac véi ngudi néi ding cho nhan dang. Con ddi véi ngi
liéu doc lap nguoi ndi va doc lap noi dung, ca noi dung cau ndi 1an ngudi noi ding
cho huan luyén déu khac so véi noi dung cau noi va ngudi ndi ding cho nhan dang.

54



2.4 Tham sé dic trwng cua tin hiéu tiéng néi dung cho nhan
dang cam xuc

Trong nghién ctu [25], c4c tAc gia da dwa ra cac dic tinh sir dung dé chu giai va nhan
dang cam x(c bao gom cac dic tinh am hoc va cac dac tinh ngdn ngir. Cac dac tinh &m
hoc 1 cac dic trung cuia ngudn am, tuyén 4m va ngdn diéu. Cac dic tinh ngdn ngit la cac
dic trung vé cac dau hiéu ngdn ngir nhan dién cam xuc, vi du tir viung, ngit nghia. Cac
dic trung nay da duoc xac dinh dé tham gia vao nhan dang cam x(c trong cac hé thdng
nhan dang cam xuc tiéng néi va da dugc thuc hién trong cac cong trinh nghién ciu cho
nhiéu ngdn ngi nhu tiéng Anh, tiéng Duc, tiéng Trung... Noi dung sau day cua luan &n
s& trinh bay vé cac dic trung cua ngudn am, tuyén &m va cac dic trung ngdn diéu xét
theo phuong dién tin hiéu tiéng noi c6 lién quan dén biéu thi cam xuc.

2.4.1 Pac trwng cta nguén am va tuyén am

Trong qué trinh phat am, dao dong cua day thanh tao ra diy xung hau nhu tuan
hoan kich thich cho tuyén am. B¢ loc déo d6i vai tin hiéu tiéng ndi co thé loai bo di
thong tin vé tuyén am va cho ra sai s6 tién doan tuyén tinh LP. N6i chung, sai s6 tién
doan tuyén tinh duoc coi la xap xi cia tin hiéu nguén am. Phan tich dao LP s& loai bo
cac mdi twong quan bac thap ddi véi cac mau tiéng ndi va giir lai cac mdi twong quan
c6 bac cao hon [130].

Cac mdi trong quan bac thap 1 lién quan gitra cac mau tiéng noi ké nhau, con céc
mbi tuong quan bac cao lién quan dén cac miu cach xa nhau. Do sy hién dién cia
cac mdi twong quan bac cao, tin hiéu sai sé6 LP duoc coi nhu 13 tin hiéu ngau nhién
va khong chira thdng tin ndo ngoai tan sé co ban cua tiéng noéi. Cac dic tinh tim thay
tir sai s6 LP c6 thé chira nhitng thong tin hitu ich, va né co thé dugc sir dung dé phat
trién céc hé thong xir ly tiéng noi khac nhau.

Ngoai nhitng dic tinh cua tuyén &m, nhiing dic tinh caa ngudn am s& bo sung thém
thong tin vi dac tinh caa tuyén &m chi biéu dién cho cac méi twong quan bac thap
giita c4c mau tiéng noi. Cac dic tinh duoc stir dung dé biéu dién cho hoat dong cua
thanh mén, ma chu yéu 1a dao dong ctia ddy thanh duoc xem 1a cac dic tinh ciia ngudn
am hoac ngudn kich thich. Trén Hinh 2.1 13 vi du cac doan tin hiéu cua &m vé thanh,
hitu thanh va tin hiéu sai s6 LP twong (g ciia am “xe” trong tiéng Viét khi phan tich
LPC. Céc sai sé tién doan LP cua doan hiru thanh 1a mot chudi cac dao dong tng véi
khoang déng ctia thanh mén, noi ma sai s6 tién doan 1a 16n nhat.

Céc tuong quan bac cao c6 trong sai s6 LP ¢6 thé chira nhitng thdng tin cam x(c
cling véi cac tinh nang khac cua tiéng néi. Chudi cac dao dong gay ra do day thanh
rung déng vai trd kich thich cho tuyén am. Tuyén &m c6 thé duoc coi 1a mot chudi
c4c 6ng co tiét dién thay doi. Chudi cac cau hinh tuyén &m trong qua trinh tao cac am
khac nhau duoc xem nhu dic tinh cua tuyén am doi véi cac don vi am.

Trong qué trinh phéat &m, tuyén am hoat dong nhu bo cong hudng va ting cuong
mot s6 thanh phan tan s nao dé tuy thudc vao cau hinh cua khoang miéng. Cac
formant 1a cong huéng cua tuyén &m tai mot thoi diém nhat dinh. Formant duoc dic
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trung bai dai thong va bién d6 cong hudng, cac tham sb nay 1a duy nhat cho mdi don
vi &m. Chudi cac cau hinh tuyén am ciing vi vay ma mang thdng tin vé cam xuc, cing
Vé6i cac thong tin khac lién quan dén cac don vi am.

Nhitng dic tinh nay dwogc thiy rd trong Hinh 2.1: a) 1a dang song tin hiéu tiéng néi
ctia 4m “xe”, b) 1a tin hiéu phan am vé thanh cua tin hiéu tiéng noi, c) 1a tin hiéu phan
am hitu thanh, d) 1 tin hiéu sai sb tién doan ctia phan am v thanh con e) 1a tin hiéu
sai s6 tién doan ctia phan &m hitu thanh caa tin hiéu tiéng néi twong tng. DI voi cac
phan tich trong mién tan s, tin hiéu tiéng noi thuong duoc chia thanh cac khung véi
do rong 20-30ms, do dich cua méi khung la 10ms.

Xe.wav, Fs = 16000Hz, 12879 mau, Thoi han = 805ms

T
0.5 F N
‘("g
§ ob— I
m
05k 1 | 1 1 L 1 1 o
0 100 200 300 400 500 600 700 800
a) Dang song am "xe"
- 0.1 - 0.5
5 S
g ! S 0
m m
-(.1
-0.5
250 260 270 280 350 360 370 380
b) Tin hiéu doan am vo thanh ¢) Tin hiéu doan am htu thanh
0.1 ‘ 0.4
= S 5
5 0 5‘ 0.2
:5 ,5 0
-0.1 -0.2
250 260 270 280 350 360 370 380

d) Sai s0 tién doan doan am vo6 thanh  ¢) Sai s6 tién doan doan Aam htru thanh

Hinh 2.1 Cdc doan tin hiéu cua am v6 thanh, hizu thanh
va tin hi¢u sai so LP twong 1ing

T bién ddi Fourier s& duoc phd cua khung tiéng néi. Xuat phat tir phd bién do,
cac dic tinh nhu: cac hé s cepstrum tién doan tuyén tinh (LPCC), céc hé sé cepstrum
theo thang tan sé mel (MFCC), cac hé sé tién doan tuyén tinh cam nhan (PLPC) va
c4c dan xuat caa chung duoc tinh toan dé biéu dién cho cac dic tinh cua tuyén am
[131], [132]. Nhin chung, cac didc tinh dugc trich chon tir tuyén &m bao gom céc dic
trung pho, cac dic tinh mirc doan hodc mac hé théng.

MFCC, LPCC, PLPC la nhitng dic tinh duoc biét rong réi trong mién tan sé va
duoc dung trong cac nghién ciu khac nhau vé tiéng noi. Tir cac dic tinh nay, cd thé
nhan duoc théng tin vé cau hinh cua tuyén &m trong quéa trinh tao ra cac &m khac
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nhau. C4c cuc dai trong phd duogc goi la cac formant [131], [132]. Cac formant cho
biét c4c tan sb cong huong caa tuyén am. Hinh 2.2 1a mot doan tiéng néi va pho LP
twong (rng cua am hiru thanh.

Sau khi loai bo cac dic tinh cua tuyén am tir tin hiéu tiéng néi s& nhan duoc tin
hiéu ngudn am [133]. Bé dat duoc diéu d6, dau tién phai tién doan cac thong tin cua
tuyén am bang cach dung cac hé sb cua bo loc (cac hé s tién doan tuyén tinh LPC)
tir tin hiéu tiéng noi, sau dé tach 1y ngudn am bang bo loc dao.

Tin hiéu nhan duoc sau bo loc dao 1a sai s6 tién doan va chira phan 16n thong tin
vé ngudn am. Viéc phan tich cac khung tin hiéu tiéng n6i c6 muc dich nghién ciru cac
dic tinh cua tin hiéu thanh mdn, cac thoi diém dong-mé thanh mén, cudng do kich
thich...

a) de. song dodn am huu thanh

05 F
S
Q0
fas]
-0.5
350 355 360 365 370 375 380
Thoi gian (ms)
i b) Duong bao pho bién dd
)
3,20 .
©
S 10 1
m
0 L L L i Il /
0 1000 2000 3000 4000 5000 6000 7000 3000

Tan s6 (Hz)

Hinh 2.2 Phan tich trong mién tan sé dé c6 pho tiéng noi

a) Poan dm hitu thanh, b) Puong bao phé bién do twong iing

Céc dac tinh hoat dong cua thanh mén riéng cho cam xdc cé thé duge danh gia
bang cach dung cac dic diém cua ngudn am. Tin hiéu sai sb tién doan va thong luong
khong khi qua thanh mon dugc xem nhu ¢6 twong quan véi nhau. Trong cdc nghién
ctu vé tiéng noi, co rét it thir nghiém khai thac thdng tin ngudn am cho cac huéng
nghién ctru khac [133]. Ly do c6 thé 1a:

e Dic trung phd c6 tinh phd bién

e Tin hiéu ngudn am c6 dugc tir phan tich LP phan 16n dugc xem nhur 13 sai sd

tién dodn hodc 1a thanh phan khong thé doan trudc duoc cua tin hi¢u da dugc
tién doan [134].

57



e Sai s6 tién doan chu yéu chua cac twong quan bac cao hon va viéce thu thap cac
turong quan bic cao hon nay thuong chua dugc biét 5 [135].

Viéc tham sé héa tin hiéu sai s6 tién doan 1a khé khan, tuy nhién tin hiéu nay chira
c4c thong tin gia tri vi n6 1a kich thich ban dau caa tuyén am trong qué trinh tao tiéng
noi. Tin hiéu sai s6 LP chu yéu chira cac twong quan bac cao trong sé cac mau cua
no, vi cac twong quan bac nhat va bac hai da duoc loai bo trong qué trinh phan tich
LP [136]. Cac twong quan bac cao ndy co thé dugc thu thap & mirc do nao dé bang
cach sir dung cac dic diém nhu cudng do kich thich, dic tinh cua thong luong khong
khi qua thanh mén, dang xung thanh mon, cac dac tinh dong-m¢ cua thanh mén,...
Bang 2.3 thong k& mét sb nghién ciu sir dung thdng tin nguon kich thich trong céc

trng dung xtr Iy tiéng noi khac nhau [133].

Béing 2.3 Su dung thong tin cia nguon kich thich cho cac nghién ciu
khac nhau ve tieng noi (nguon: [133])

STT | Cac dac trung

Muc dich va ing dung

Tai liéu
tham khao

Nang lugng sai
sO tién dodn

Nhan dang nguyén am va
nguoi ndi

H. Wakita (1976)
[138]

2 Sai s0 tién doan

Céac thé hién cua kich thich
quan trong duoc xac dinh

Rao K. S va cong su
(2007) [141]

Céc quan hé bac
3 | cao cua cac mau
sai sO tién doan

Phén loai dir liéu am thanh

Bajpai A. Va
Yegnanarayana B.
(2004) [140]

4 Sai sO tién doan

Tang cuong chat luong
tiéng nd1 trong moi trudng
c6 nhi€u ngudi ndi

Yegnanarayana B va
cong su (2009) [142]

5 Sai s0 tién doan

bac trung cho do to, hi¢u
ung Lombard, toc dd noi,
doan c¢ tiéng cuoi

G. Bapineedu va cong
su (2009) [143]

Tin hiéu Kkich

Phan tich quan hé gitra cac
trang thai cam xuc cua
nguoi ndi va hoat dong cua

Cummings K. E. And

kich thich

trong tiéng noi lién tuc

6 thich thanh mén | thanh mon ’ E)llggz_)e)n[t: M]' A
Phan tl’gh cac roi loan lién
quan dén cam xuc
. pia \ A vAr e Zhen-Hua Ling, Yu
7 Tin hi¢u nguén | Phan biét cac cam xuc Hu, Ren-Hua Wang

(2005) [145]

Céc nghién ciru hién tai dua trén cac dac trung ngudn am di chi rd rang, thong tin
ngudn Am chira todn bd cac dic trung cua tiéng néi nhu: ndi dung truyén tai, nguoi
noi, ngbn ngit va cac thong tin riéng vé cam xdc [133]. Thong tin vé cao d6 duoc
trich r(t tir sai s tién doan da dugc sir dung thanh cong dé nhan dang ngudi n6i [137],
nang luong sai s tién doan da duoc ding dé nhan dang ngudi ndi va nguyén am
trong [138]. Cac dic trung cepstrum duoc dan xuit tir sai s6 tién doan da duoc duing

58



dé thu thap thong tin riéng vé& ngudi noi [139]. Két hop cac dic diém dan xuat tir cac
sai s6 tién doan va cepstrum da dugc dung dé t6i thiéu hoa ty 1¢ 15 trong trudng hop
nhan dang ngudi nodi. Cac twong quan bac cao trong s c4C mau cua sai b tién doan
cling duoc dung dé phan loai céc thé loai 4m thanh lién quan dén: thé thao, tin tuc,
phim hoat hinh, &m nhac trong méi truong sach va moi truong c6 nhiéu [140].

Céc thoi diém kich thich quan trong nhan duoc tir tin hiéu sai s6 tién doan trong
qua trinh tao am hiru thanh duoc dung dé xac dinh do tré twong ddi giita cac doan
tiéng noi cua nhitng ngudi n6i khac nhau trong mot moi trudng nhidu ngudi noi, va
sau d6 cac dai luong nay dugc dung dé cai thién tiéng néi cua timg ngudi ndi riéng
r& [142]. Céc thudc tinh lién quan dén thoi diém day thanh dong duoc khai théc trong
[146] dé cai thién tiéng noi cd tiéng vong. Cac tham sé dugc trich rat tai thoi diém
day thanh dong dugc khai thac dé phan tich cuong d6, hiéu tng Lombard, téc d6 noi
va phét hién doan c6 tiéng cudi trong tiéng noi.

Ngoai cac dic trung vé ngudn am duoc sir dung trong xir Iy tiéng néi, cac dic trung
vé tuyén am ciing duoc sir dung trong nhiéu nghién ciru. N6i chung, khung tin hiéu
tiéng noi c6 do rong 20-30ms thuong dugce dung dé trich rat cac dac trung cua tuyén
am. Cac dic tinh tuyén Am duoc phan anh rat rd khi phan tich tin hiéu tiéng néi trong
mién tan sb. Bién ddi Fourier nguoc caa khung tin hiéu tiéng ndi s& cho pho trong
thoi gian ngan. Cac dic tinh nhu formant, dai théng, phd ning luong va duong bao
pho c6 thé nhan dugc tir pho. Bién doi Fourier cua logarit cua bién do pho sé cho
cepstrum caa khung tiéng noi

Cac hé s MFCC va LPCC 1a cac dic trung phd bién dugc dan xuét tir mién
cepstrum dic trung cho thong tin tuyén am. Nhiing dic diém nay cua tuyén 4m ciing
duoc biét dén nhur 1a cac dic tinh pho, dic tinh phan doan hoic dic tinh hé théng. Noi
chung, cac dac tinh phd duoc xem nhu c¢6 do twong quan rat 16n gitra cu hinh thay
d6i caa tuyén am va tée do di chuyén ciia cac thanh phan tham gia phat am.

Céc dic tinh pho da duoc sir dung thanh cong cho céc nghién ctu tiéng néi khéc
nhau nhu phét trién hé thong nhan dang tiéng néi va nhan dang ngudi ndi. Mot s6
cong trinh nghién cau quan trong vé nhan dang cam xdc st dung cac dic tinh phé sé
duoc trich din sau day. Cac dic tinh MFCC duoc dung dé phan biét cac théng tin vé
tiéng n6i va am nhac [147]. Nghién ctiu cho thiy cac dac tinh MFCC bac thap hon s&
mang théng tin v& &m vi trong khi d6 cac dic tinh bac cao thi chua céc thong tin
khong phai vé tiéng néi. T6 hop cac hé sé MFCC, LPCC, RASTA PLPC va cac hé
s6 logarit cua cong suat dbi vai tan sé da duoc xem 1a tap cac dic diém dé phan loai
cac cam xUc: tirc, chan, trung tinh, vui, budn trong tiéng phd théng Trung Quéc [106],
[148].

Cac hé s cong suat theo logarit tan s6 (LFPC) duoc dung dé biéu dién cac théng
tin riéng vé cam xGc nham phan loai 6 cam xdc trong [12]. Véi nghién cau [12], md
hinh Markov an c6 4 tang duoc dung nhu bo phan 16p dé thuc hién phan loai cam
xuc. Hiéu ning cua cac tham sé LFPC c6 thé twong dwong véi cac dic tinh MFCC,
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LPCC thong thuong va LFPC ¢6 thé ¢ hiéu ning tot hon [12], [149]. Cac dic tinh
MFCC dugc trich rat tir cac thanh phan tan sb thip (20-300Hz) cua tin hiéu tiéng noi
duogc str dung dé md hinh héa bién thién FO. D6 chinh 14 cac dac tinh MFCC tan thap
va duoc dung dé nhan dang cam xuc trong ngir liéu cam xuc tiéng Anh va tiéng Thuy
Pién. Bang 2.4 thdng ké cac nghién ctu sir dung thong tin caa tuyén am cho cac xu
ly vé tiéng ndi [133].

Céc dac tinh MFCC tan thap cho thiy c6 két qua tét hon so véi cac dic tinh cao
d6 trong truong hop nhan dang cam xdc [150]. Céac hé sé MFCC dugc tinh théng qua
3 16p &m vi: nguyén am coé trong &m, nguyén am khong co trong am va phu am duoc
dung dé nhan dang cam xtc doc 1ap véi nguoi néi. Cac dic tinh nay duoc xem nhu
1a 16p cac dic tinh phd. Do chinh x&c phan loai s& cao hon khi dung 16p cac dic tinh
phd so véi dung 16p cac dic trung ngdn diéu hodc dic trung phd phat am. Viéc két
hop 16p cac dic trung pho Véi cac dic trung ngdn diéu s& cai thieén hiéu nang nhan
dang cam xuc.

Bang 2.4 Su dung thong tin cua tuyén am cho cac nghién ciu khac nhau
ve xu ly tieng néi (nguon: [133])

Tai liéu

STT Cac dac trung Muc dich va ing dung tham khio

Phén biét tiéng noi va 4m
nhac: Cac MFCC bac cao
chtra nhiéu hon thong tin
1 | Cac dic trung MFCC | lién quan dén 4m nhac va
MFCC bac thap chira
nhiéu hon thong tin lién
quan dén tiéng noi

Mubarak O. M. Va
cong su (2005) [147]

MFCC, LPCC,

RASTA, céc hé sb Phan loai 4 cam xtc trong | Pao T. L. Va cong su
2 | PLPC, cac hé s6 cong | tiéng Trung Quéc: tirc, (2005, 2007) [106],

sudt trong mién logarit | vui, trung tinh, budn [148]

tan s6

T6 hop cac MFCC va | Phan loai cam xtic cho

3 | cic dic tinh MFCC bac | tiéng Thuy Dién va tiéng | \ci0erd D. Va cong

su (2006) [150]

thap Anh
C? ¢ dic Emh MFCAC . Do Bitouk D., Verma R.
4 |cua phu am, nguyén Phan loai cam xtic cho And  Nenk A
am c6 va khong c6 tiéng Anh na ivencova A
A ’ (2010) [151]
trong am
Céc dic tinh pho dung A . .. .
5 | bién déi Fourier vi Mo hinh hoéa trang thai Sigmund M. (2007)

cam xuc khi cang thang [152]

Chirp
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2.4.2 bac trrng ngon diéu

Céc dic trung cua tiéng noi duoc trich chon tir cac doan tin hiéu tiéng néi dai hon
nhu 4m tiét, tir va cau chinh 14 cac dic trung ngdn diéu. Chang biéu dién cho chat
lwong tong thé tiéng néi nhu nhip diéu, trong am, ngit diéu, am sic, cam xdc... Chu
Ky co ban, thoi han, ning luong va cac dan xuat tuong tng da duoc sir dung rong rai
dé biéu dién cho cac dic trung cta ngon diéu [153], [154].

C4c dic trung ngodn diéu lién quan dén cam xuc 1a cac dic trung c6 lién quan dén
c4c tham sd siéu doan tinh (supra-segmental) hoic thoi gian dai. Con ngudi cam nhan
dugc cac cam xdc c6 trong tiéng néi bang cach khai thac cac dic trung ngon diéu va
& day cac dic trung nay duoc khai thac dé phan loai cam xuc. Hinh 2.3 1a doan tin
hiéu tiéng noi va cac dic trung ngdn diéu trong tng. Tir cac thao luan & trén, cé thé
thiy tdm quan trong cua viéc khai thac ngudn am, tuyén am, cac dic trung ngon diéu
dé nhan duoc thdng tin riéng vé cam xuc.

R
-|’ - II‘: . ""1 o |n‘.'7‘7 '“A: :7
Thoi gian (s)
b) =:o = ———
i \ ‘—'—\ ~\

o
N
Ning hromg

Thon gian (s)

~ Hinh 2.3 Cdc dac trung ngén diéu ciia tiéng noi
a) Tin higu tiéeng néi cé phan doan am tiet, b) Bien thién FO, ¢) Bién thién nang lwong

Noi dung sau day sé trinh bay khai quat vé viéc khai thac cac dic trung ngoén diéu
d3 duoc thyc hién trong cac hé thdng xir ly tiéng néi cho mot sé ngdn ngir khac nhau
trén thé gisi [2].

Trong khi noi, cé nhitng dai lugng dac trung nhu: thoi han, ngt diéu, cuong do
cho céc chudi am khac nhau. Su hop thanh céac rang budc vé ngon diéu nhu vay (thoi
han, thanh diéu va cudng d6) 1am cho tiéng ndi tu nhién. Co thé phét hién dé dang
viéc thiéu ngon diéu trong tiéng noi. Ngon diéu c6 thé duoc xem nhu cac dic diém
cua tiéng noéi di cung véi cac don vi &m 16n hon nhu 4m tiét, tir, doan cau va cau. Tur
do, ngdn diéu thuong dugc xem nhu thong tin siéu doan tinh.

Ngon diéu biéu 16 cho cau truc cia ludng tiéng noi. Ngon diéu duoc biéu dién vé
mat &m hoc bai thoi han, ngir diéu (duong bao FO) va nang lugng. Cac dai luong nay
thuong biéu thi cac thudc tinh caa tiéng néi cam thu nhu: ngit diéu, nang luong. Ngit
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diéu va ning luong thuong duge con ngudi st dung dé nghién ciu xt ly tiéng noi
trong d6 c6 nhan dang cam xuc [155], [156]. Tinh biéu cam caa con ngudi c6 thé
duoc thu thap thong qua cac dic trung ngdn diéu. Ngon diéu co thé duoc phan biét
theo 4 muc biéu hién chinh [156]. P6 1a muc ¥ dinh vé mat ngbn ngix, mic cau am,
muc thé hién vé mit am hoc, mirc cam thy. B4i véi mie ngdn ngir, ngdn diéu co quan
hé vai cac yéu té ngdn ngit khac nhau cua phat ngdn dé thé hién tinh ty nhién can co.

Chéng han, sy phan biét vé mat ngdn ngir c6 thé dugc truyén thdng qua su phan
biét giira cau hoi va dién dat thong thuong, hodc sw nhan manh ngit nghia d6i véi mot
phan tir nao d6. O mac cau am, ngdn diéu duoc biéu hién vé mat vat Iy nhu 1a mot
chudi cac chuyén dong cia bd phan ciu am. Nhu vay, cac biéu hién cua ngon diéu
bao gom chii yéu cac bién thién vé mit bién d6 caa cac chuyén dong cau am ciing
nhu bién thién &p suat khong khi. Hoat dong cua co trong hé thdng hd héap ciing nhu
doc theo tuyén am dan tai birc xa séng am.

Thé hién vé mat &m hoc cta ngdn diéu c6 thé duoc nhan thiy va luong tir hda bang
céch phan tich cac tham s &m hoc nhu tan s6 co ban FO, cudng d6 va thoi han. Chang
han, c&c m tiét c¢d trong &m s& O tan sd co ban cao hon, bién d6 Ién hon va thoi han dai
hon so véi cac am tiét khdng co trong am. O mirc cam thy, song tiéng néi di vao hé thong
thinh gi&c ctaa nguoi nghe, tir ngoén diéu va théng qua qué trinh xtr ly cam nhan cam thu
ma sinh ra cac théng tin vé ngdn ngit va thong tin ddng hanh véi ngdn ngi.

Trong qué trinh cam thu, ngon diéu c6 thé duoc biéu thi ty thudc vao trai nghiém
cha quan cua ngudi nghe, nhu khoang dirng, d6 dai, am diéu va do to cua tiéng noi
cam thu dugc. Rat kho dé xir Iy hozc phén tich ngon diéu thong qua co ché tao tiéng
noi va cam thu tiéng noi.

Céc dic tinh nhu gia tri cuc tiéu, cuc dai, trung binh, phuong sai, pham vi va do
léch chuan cta nang lugng cling nhu cac dic tinh twong tu ciia tan s6 co ban da duoc
dung nhu 12 ngudn thdng tin quan trong vé ngdn diéu dé phan biét cac cam xuc [107],
[157]. Mot s6 nghién ciru cua [13], [157] ciing di thr nghiém do ludng d6 doc cua
duong bao FO khi Ién xubng, tbc do cau am, sé luong va thoi han cua khoang dirng
dé dic trung cho cam xuc.

Cac dac trung ngdn diéu duogc trich rat tir cac don vi ngdn ngr nhé hon nhu cac
am tiét va & mac phu &m va nguyén am ciing dugc dung dé phan tich cam xdc [157].
Tam quan trong ciia dudng bao ngdn diéu dan téi cac ngit canh ¢ cam xdc khac nhau
d3a dugc nghién cau trong [158], [159]. Nghién ciu [160] cho thiy, cac cuc dai va
cuc tiéu d6i vai tan s6 co ban, cuong do, thoi han cua khoang ding, cac dot bién da
dugc dé xuat dé dinh danh 4 cam xtic nhu: so hi, tirc, budn va vui. Hiéu ning nhan
dang cam xuc trung binh dat duoc khoang 55% khi st dung cac phan tich cac yéu tb
phan biét.

Trong nghién ctu [161], day cac dac trung ngdn diéu theo tirng khung duoc trich
rat tir cac doan tiéng néi dai hon nhu tir va cau ciing dugc dung dé dic trung cho céac
cam xuc c6 trong tiéng noi. Thong tin FO dugc phan tich dé phan loai cam xuc va két
qua cho thay gié tri cuc dai, cuc tiéu, trung binh cia FO va duong bao FO 1a cac dac
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trung ndi bat cho cam xuc. Do chinh xac nhan dang cam xuc dat duoc vao khoang
80% khi st dung cac dic trung FO d3 néu cung véi bo phan 16p lang giéng k gan

nhat.

Céc dic trung siéu doan tinh trong thoi gian ngan nhu tan s6 co ban, niang lugng,
vi tri formant va dai tan tuwong ng, dai dong cua FO, ning lugng va duong bao
formant, tbc do noi da duoc sir dung dé phan tich cac cam xdc trong [162]. Quan hé
phtic hop gitra tin sb co ban, thoi han va cac tham sé ning luong da dugc khai thac
dé phét hién cam xuc [163]. Bang 2.5 cho thay mot sb cac cong trinh nghién ciu quan
trong vé nhan dang cam xdc c6 sir dung cac dic trung ngdn diéu [133].

Bang 2.5 Su dung thong tin Vé ngon di¢u cho cac nghién ciru khac nhau
ve tieng ndi (nguon: [133])

STT

Cac dac trung

Muc dich va ung dung

Tai liéu
tham khao

Khoi dau véi viée sir
dung 86 dac trung ngdn
di€u, sau d6 6 dic trung
tot nhat da duoc chon

Dinh danh céc cam xuc cho
tieng Basque. Dung GMM va
hi€u nang dat duogc 1a 92%

Luengo I., Navas
E., Hernaez |I.,
and Sanchez J.
(2005) [167]

Vécto dic trung ngdn
diéu c6 3 chiéu bao
goém FO0, nang luong va
thoi han

Phén loai 7 cam xtic cho tiéng
Puc. Két qua nhan dang cam
xuc dat khoang 51% cho truong
hop khong phu thude ngudi noi,
dung mang noron

lliou T. And
Anagnostopoulos
C.-N. (2009)
[168]

bac trung FO va cong
suat duoc trich rat theo
tung khung, am tiét va
tur

Nhan dang cam xuc cho tiéng
Trung Qudc. TH hop cac dic
trung cta khung, am tiét va tir
cho két qua nhan dang cam xuc
90%

Kao Y. Hao and
Lee L. Shan
[169]

Céc dac trung dua trén
thoi han, nang lugng va
FO

Nhan dang cam xuc cho tiéng
Trung Quéc. St dung mang
noron. Dir liéu cho nhiéu ngudi
nodi va da ngbn ngtr

Zhu A. And Luo
Q. (2007) [170]

8 dac trung ngdn di¢u
va ddc trung chat luong
tiéng noi

Phéan loai 6 cam xuc (gian, hoi
hop, chan, vui, buén) cho tiéng
Durc. Phan 16p cam xtic dung bd
phan 16p Bayes

Lugger M. And
Yang B (2007)
[101] [138]

Céc dac trung dua trén
FO, ndng lugng va thoi
han

Phén loai 6 cam xtic cho tiéng
Trung Qudc st dung SVM va
thuat toan sinh. Két qua nhan
dang dat 88%

Wang Y., Du S,
and Zhan S.
(2008) [171]

Céc dac trung dua trén
ngon di¢u va chat luong
tiéng noi

Phén loai 4 cam xtc cho tiéng
Trung Qubc (gian, phén khot,
trung tinh, budn) st dung SVM
dat két qua nhan dang 76%

Zhang S. (2008)
[172]
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C6 thé thay rang phan 16n cac nghién cau vé nhan dang cam xuc déu thuc hién
bang cach sir dung dic trung ngon diéu théng ké ¢ mic phat ngén (tong thé) [49],
[50], [161], [163], [164], [165]. Rat it nghién ctru vé hanh vi dong cua c&c mau ngén
diéu (chi tiét) dé phan tich cam xdc [160], [166]. Viéc phan tich ngon diéu co ban cua
tiéng noi dugc thyuc hién trong [141] & muc cau, tir, va mic am tiét chi st dung céc
thng ké bac nhat caia cac tham sé ngdn diéu co ban.

Thoi han ciing 1a mét trong nhitng tham s6 anh hudng nhiéu nhat dén cam xdc theo
Cahn [13] va cung két hop véi dudng bao FO 1a da dé phan biét cac cam x(c binh
thuong, vui, budn, gian dir, chan nan, so hai va phan né trong tiéng Ha Lan [173].
Nghién ctu trong [174] ciing tham khao mdi quan hé giira duong bao FO, toc do phat
am, cuong d6 va cao do anh hudng dén tiéng ndi tong hop c6 cam xuc trong ngdn
ngtt Malayalam.

2.5 Tham sé dic trwng dung cho nhan dang cam xUc tiéng Viét

Trong giao tiép thong thudng gitra nguoi Voi nguoi, ngoai ndi dung cia thong diep
can trao d6i, nguoi nghe ciing thu duoc rat nhiéu théng tin théng qua cac cam xuc
ctia ngudi noi lic d6. Vi vay, trong giao tiép nguoi-may can phat trién cac hé thong
tiéng noi c6 thé xu ly cac cam xudc kém theo noi dung can truyén tai. Cac muc tiéu co
ban cua hé thong xir ly tiéng ndi c6 cam xuc 1a nhan dang cam xdc thé hién trong
tiéng ndi va tong hop cam xic mong mudn trong tiéng nodi dé truyén tai y dinh noi
dung. Tir goc d6 k¥ thuat, dé 1am duoc diéu ndy, can phai tim dwuoc cac tham sé dic
trung vé cam x(c trong tiéng noéi n6i chung va trong tiéng Viét néi ndi riéng sau do
dua ra duoc cadc md hinh téng hop, nhan dang tiéng néi c6 cam xdc.

Vé mit ky thuat, c¢d rat nhiéu nghién ciru dua ra cac tham s khac nhau anh huéng
dén cam xuc trong nhan dang va tong hop tiéng néi, cac thdng sb nay s& duoc phan
tich dé tim ra cac quy luat anh huong dén cam xdc caa tirng ngdn ngir khac nhau. O
muc 2.4, luan &n da trinh bay cac tham sb dic trung cua tin hiéu tiéng ndi dung cho
nhan dang cam xdc va mot s6 cac nghién ciu da sir dung cac dic trung nay dé phan
loai cac cam xUc. Dya theo c&c nghién ctru V& cac dic trung cua tin hiéu tiéng noi va
nhitng (tng dung caa nd trong cac nghién ctu thir nghiém vé nhan dang cam xdc,
trong muc nay luan an sé dé xuat cac tham sb dic trung dugce trinh bay dudi day dung
cho thir nghiém nhan dang cam xdc tiéng Viét noi.

2.5.1 Cac hé s6é MFCC

Nhu di trinh bay trong muc 2.4.1, MFCC la cac hé s6 ceptrum theo tan s6 Mel duoc
sir dung rong réi trong nhan dang tiéng no6i va duoc Davis va Mermelstein gigi thiéu
trong nhitng nam 1980. D3 ¢ nhiéu nghién ctu cho thdy cac dic tinh MFCC dugc
xem nhu 12 tap cac dic diém cua hé théng dé phan loai cac cam xdc. MFCC da dugc
str dung dé phan loai cac cam xdc cho nhiéu ngdn ngit khac nhau nhu tiéng Trung Qudc
[175], [176], tiéng Puc [177], [178] hay nhan dang cam x(c trén ngit lidu da thé thic
IEMOCAP [179]... Do vay, MFCC duoc coi 1a cac dic trung co ban cua tin hiéu tiéng
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n6i va dugc sir dung trong céc hé théng nhan dang vé cam xuc tiéng néi. Qua trinh tinh
toan cac hé s6 MFCC nay thuong duoc thuc hién theo so d6 Hinh 2.4

Céac bude duoc thuc hién trén so dd nhu sau:

(1). Tién xtr ly tin hiéu tiéng néi: Tin hiéu tiéng noéi duoc dua qua bd loc hidu
chinh ¢6 tac dung bu lai pho tin hiéu ngudn 4m hitu thanh chii yéu tap trung & mién tan
thip va hiéu ing birc xa tai moi trong duwong véi bd loc thong cao. Béi vi tiéng ndi co
su suy giam khoang 20dB/decade khi 1&n tan sé cao do dic diém sinh 1y cua hé
théng phat am cua con ngudi nén bude xur 1y nay s& ting cuong tin hiéu 18n mot
gia tri gan 20dB/decade dé khic phuc su suy giam d6.

Dé thuc hién loc hiéu chinh thuong ding b loc dap wng xung hitu han FIR (Finite
Impulse Response) c6 ham truyén dat:

H,.(2) =1—-apz? (2.1)

Trong dé, anc 1a hé s6 hiéu chinh, thuong c6 gia tri 1a 0,95.

T hiew ) XK ————
tieng noi Loc hiéu x(n) s R Cac bo loc
— chinh > » thang Mel
s(n) 3(n)
Ctra $6 v
Nang Log(zl.f)
luong
2 2 Si(m)
£ X Bién do6i nguoc
P— Lay dao ham ain)

DFT hoac cosin

P
«

Hinh 2.4 So dé tinh hé s6 MFCC

(2). Chia tin hiéu tiéng néi thanh chudi cac khung véi kich thude khung 1a 20ms
va d6 doi khung 12 10ms. Sau khi chia khung, tin hiéu duogc dwa qua cira s6 Hamming

(3). Bién d6i tin hiéu vé mién tan so: Tai buéc nay, véi mdi khung tin hiéu, st
dung bo bién doi Fourier roi rac DFT dé chuyén tin hiéu vé mién tan sb. Cong viéc
tinh toan duogc thuc hién bang thuat toan FFT.

(4). Pho Mel duoc tinh bang cach cho tin hiéu DFT di qua qua bang bo loc Mel:
Phé ciia mdi khung tin hiéu sau khi thu dwgc qua DFT dwoc xt Iy qua cac bo loc sb
dugc ap dung dé loc cac tin hiéu theo cac dai tan so khéc nhau. Phan ¢ng cua tai
nguoi voi cac thanh phan cua tan sé 1a khéng tuyén tinh. Sy khac nhau vé tan sb ¢
viing tan sb thap (<1KHz) dé dugc nhan biét boi con nguoi hon 13 ¢ viing tan sé cao.
Loc theo thang tan s6 Mel mé phong tinh chat ndy bang cach dung cac bo loc duoc
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phan bd theo mot ham phi tuyén trong khoang khdng gian tan sé, thong thuong la
ham Mel:

Mel(f) = 2595l0g;o(1 + =) 2.2)

Dau ra cua cac bo loc 1a tong cac thanh phan phd duogc loc. Cac bo loc ndy md
phong qua trinh xtr Iy cua hé thong thinh giac.

(5). Lay log cua dau ra cac bo loc va dung bién doi cosin roi rac DCT trén céc
vécto log cua phd s& duoc cac hé sé MFCC.

Cac hé s6 MFCC c6 thé duoc ldy dao ham dé c6 thong tin bién thién theo thoi gian
cua cac vécto dic trung nhu dao ham bac nhat, dao ham bac 2 caa MFCC.

2.5.2 Nang lwong tiéng noi

Ning lugng tiéng ndi cling 1a mot tham sé ¢6 lién quan dén cam xdc cua tiéng noi.
Nang luong duogc tinh bang tong cia can bac hai do 16n cac thanh phan FFT roi rac
cua tin hiéu. Tong nay sau d6 dugc chuan hoa theo d6 dai cira so.

2.5.3 Cworng do tiéng noi

Cuong do tiéng noi 1a dic trung ciia ngodn diéu tiéng nodi. Cac cam xtc hung phan
thudng c6 cuong do 1on hon nhu khi vui thi nguoi ta néi to hon khi budn, hay khi tic
gian thudng ndi to hon binh thuong. Pay ciing 14 tham sé quan trong anh huong toi
phan biét cac cam x(c vui, budn, tirc hay binh thuong.

2.5.4 Tan sd co ban FO va cac bién thé cua FO

Tiéng Viét 1a ngdn ngit c6 thanh diéu nén ngodi cac tham sé dic trung vé ngudn
am, tuyén am thi dic trung vé ngdn diéu ¢ tim quan trong anh huéng dén nhan dang
cam xuc. Tiéng Viét co sau thanh diéu: thanh ngang, thanh huyén, thanh sac, thanh
hoi, thanh nga va thanh ning [180]. Céc thanh diéu trong tiéng Viét n6i duoc thé hién
qua qui luat bién thién tan sb co ban F0. Vi vay, dic trung tan s6 co ban FO va cac
bién thé cua FO s& 1a nhitng tham s hitu ich cho nhan dang cam xuc tiéng Viét. Két
luan nay ciing phu hop véi viéc sir dung tham sé FO dé tong hop tiéng Viét c6 cam
xuc trong nghién ctu da duoc cong bd & bai bao “Tong hop tiéng Viét c6 cam xac”
tai Chuyén san cac cong trinh nghién ciru phat trién Cong nghé Thang tin va Truyén
thong cua tap chi Buu chinh Vién thong, tap V-2, s6 18 (38), trang 67-77.

Luan &n st dung céc bién thé cua FO duoc tinh theo cac cong thirc sau day:

e Dao ham FO:

dFO(t) = dFO(t)/dt (2.3)
e Chuan hoa FO theo gia tri trung binh cia FO cho mdi file:
FONormAver(t) = FO(t)/FO(t) (2.4)
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e Chuén héa FO theo gia tri min FO va max FO cho mdi file:
FO(t) — min FO(t)
FONormMinMax(t) max FO(D) — min FOD) (2.5)
e Chuan hda FO0 theo trung binh va do léch chuan cua FO:

FO(t) — FO(¢)

_ 2.6
FONormAverStd(t) SFO(D) (2.6)
e Dao ham LogFO:
dLogFO0(t) = dLogFO0(t)/dt (2.7)

e Chuan héa LogF0 theo gia tri min LogF0 va max LogF0 cho mdi file:
LogFO0(t) — min LogFO(t)

max LogFO0(t) — min LogFO0(t)

e Chuan héa LogFO0 theo trung binh LogF0 cho mbi file:
LogFONormAver(t) = LogFO0(t)/LogF0(t) (2.9)

e Chuan héa LogFO theo trung binh va d6 léch chuan caa LogF0 cho méi file:

LogFO0(t) — LogFO(t)

oLogFO0(t)

LogFONormMinMax(t) = (2.8)

LogFONormAverStd(t) = (2.10)

2.5.5 Cac formant va dai théng twong trng

N6i chung, formant dai dién cho chudi cac cau hinh tuyén &m, do d6 phan tich
formant st dung gia tri, vi tri va bang thong cua ching cé thé gilp trich xuat duoc
nhitng thong tin cy thé lién quan dén cam x(c tir tin hiéu tiéng n6i. Tham sé formant
rat quan trong trong nhan dang giong ndi. Vi vay, mét su thay doi nho trong céc tham
sb nay gay ra su khéc biét vé cam nhan, cé thé dan dén su biéu hién cua nhitng cam
xuc khéc nhau.

Dai thong tuwong (ng véi formant khdng anh hudng dén théng tin ngit am ma dai
dién cho mot s6 thong tin cu thé ciia ngudi noi. Khi ¢é sy thay doi trong dai thong,
formant ciing gy ra nhiing truong hop thay doi vé cam xuc. Dai thong formant 1a dai
tan s6 do dugc & khoang 3dB tinh tir dinh cuc dai tuong tng tré xubng.

2.5.6 Cac dac trwng pho

Céc dac trung phd nhu cac thanh phan hai (harmonicity), trong tam phé (center of
gravity), mémen trung tam (central spectral moment), o léch chuan tan s (standard
deviation), gia tri trung binh cia pho (mean), do léch (skewness), do nhon (kurtosis),
d6 doc (slope) va do léch chuan cua pho trung binh dai han (standard deviation of
LTAS-Long Term Average Spectrum) ciing dwoc xem la céc tham s dic trung c6 lién
quan dén cam xuc tiéng ndi. Theo Praat [181], cac thanh phan hai dai dién cho muc
d6 tuan hoan va con duoc goi 1a ty 16 séng hai-nhidu HNR (Harmonics-to-Noise
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Ratio). Harmonicity dugc biéu dién theo thang do dB. Néu 99% nang lugng cua tin
hiéu nam trong chu ky va 1% la nhiéu thi HNR 1a 10 x log10 (99/1) = 20dB. Néu
HNR bing 0 dB c6 nghia 13 ning lwgng trong séng hai va trong nhiéu bing nhau
[181]. Gia st S(f) la phd phirc, trong d6 f 1a tin sb, trong tam phd dwgc cho bai cong
thac (2.11).

I FIS(H)IPdf
NG (2.11)

O day [”1S(f)IPdf 1a ndng luong. Nhu vay, trong tam phd la trung binh ciia tin
s6 trén toan b mién tan sé vai trong sb 12 |S () |?. Khi p = 2, trong sb 1a phd cong
suit, con p = 1 trong s la tri tuyét ddi cua phé. Gia tri thuong duoc dung lap =
2/3. Trong tdm pho 1a phép do tan sb trung binh cua tan sé trong phd. Béi véi tin
hiéu hinh sin & tan s6 377 Hz, trong tam pho 1a 377 Hz. B6i véi nhiéu trang & tan s6
22050 Hz, trong tam pho 1a 5512,5 Hz, tirc la bang nta tan s6 Nyquist. Néu S(f) la
phd phuc thi mdmen phé trung tam thit n dugc cho bai ¢éng thuc (2.12) véi £ 1a
trong tam pho.

Iy f = fOrIS(HPdf
NN

Mo6men trung tam tha n 12 gid tri trung binh caa (f — fc)™ trén toan bo mién tan
s6 Véi trong sb 12 |S(f)|P. Mémen lién quan dén bac n trong cong thac (2.12). Néu
n = 2 ta c6 phuong sai cua cac tan sé trong pho. P léch chuan tan sb chinh la cian
bac hai cia phuong sai nay.

Néu n = 3 ta s& c6 mémen phd trung tdm béc 3, d6 ciing chinh la d6 bat dbi xing
skewness khong chuan hoa caa phd. Bé chuan hoa, can chia cho 1,5 cong suét cua
momen bac hai. Skewness cho biét o léch cua tap dit liéu so voi phan b chuan. Néu
d6 léch nam dudi gia tri trung binh thi dit liéu tap trung hon so véi d6 léch nam trén
gia tri trung binh. Do bat ddi xing skewness ctia mot phan bd xac suat la do do sy bat
d6i xtrng cuia phan bé do. Gia tri tuyét doi cua skewness cang cao thi phan bd dé cang
bat ddi xtng. Mot phan bé d6i xiing c6 skewness bang 0.

Véin = 4, ta c6 kurtosis caa phd khdng chuan hoa. Bé chuan hoa can chia cho
binh phuong cia mémen bac hai va trir di 3. Kurtosis 1a mot chi sé dé danh gia dic
diém hinh dang cia mot phan b xac suat. Cu thé, kurtosis so sanh d6 cao phan trung
tam cua mot phan bd so voi phan bd chuan. Phan trung thm caa phan b cang cao va
nhon thi chi sé kurtosis ciia phan bé d6 cang 16n. Phan bé chuan cé kurtosis bang 3.

Gia tri trung binh cua phé lién quan dén do léch chuan caa phd. Véi bai toan phan
I6p, khi mot tap cac gia tri caa dir liéu c6 xu huéng phan bd gan gia trj trung tam thi
muc d6 tap trung caa dit liéu tét hon so véi tap di liéu c6 xu hudng phan b xa gia
tri trung tim. Nhu vay, gia tri trung binh c6 thé Ia hitu ich dé mé ta tap cac gia tri cua
dit liéu c6 méi twong quan véi nhau. Trung binh cua cac gia tri xy, ..., xy 1a:

(2.12)
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1 N
%= Nz x; 2.13)
=

Dé tién hanh cac tht nghiém nhan dang, cac tham sé dic trung cho tiéng noi co
cam xuc trong bd ngir liéu cam xdc tiéng Viét da dugc trich chon bang bo cong cu
Praat [181] va Alize [182]. Céac tham sé ndy duoc dé xuat trong Bang 2.6. Pham vi
xac dinh FO phu thudc vao gi6i tinh. Di vai giong nit, gia tri FO tdi da 1a 350 Hz, va
gia tri nay 1a 200 Hz ddi véi giong nam.

Bang 2.6 Cdc tham s6 dac trung dwoc dung cho nhdgn dang cam xac tieng Viét.

Chi s6 Tham s6 diic trung S6 lwong
(1) Cdc hé s6é MFCC 19
(2) Pao ham béc nhat MFCC 19
3) Dao ham bgc hai MFCC 19
() Ndang lwong, dao ham bdc nhat, bdc hai cia nding 3

lirong
(5) Tan sé co ban FO 1
(6) Cuong dé tiéng néi 1
(7) Cdc formant va ddi thong twong 1rng 8
(8) Cdc thanh phan hai 1
(9) Trong tam pho 1
(10) MoOmen trung tam 1
(11) | Skewness 1
(12) | Kurtosis 1
(13) | Pé léch chudan tan so 1
(14) | Gid trj trung binh cua pho 1
(15) B¢ dac va do léch chudn cua phé trung binh dai hagn 5
LTAS (Long Term Average Spectrum)
(16) dFO0 1
(17) FONormAver 1
(18) FONormMinMax 1
(19) FONormAverStd 1
(20) dLogFO0 1
(21) LogFONormMinMax 1
(22) LogFONormAuver 1
(23) LogFONormAuverStd 1
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Cac tham sb thdng ké trong Bang 2.6 s& duoc sir dung cho cac thir nghiém nhan
dang bén cam xUc vui, budn, tirc, binh thudng trong nghién ctu cua luan én.

2.6 Phan tich anh hwéng cia mét sé tham sé dén kha nang phan
biét cAc cam xUc cta bd ngiv liéu cam xdc tiéng Viét
Luén &n s& sir dung phan tich phuong sai ANOVA va kiém dinh T (Tukey’s test)
dé danh gia anh huong cua mot s6 tham sé co ban nhu tin sb co ban FO trung binh,
nang luong trung binh, cac dic trung phd cua bd ngit liéu cam xuc tiéng Viét da dugc
trinh bay cu thé trong muc 2.3. Muc 2.6.1 sau ddy s& trinh bay khai quat vé phuong
phap phan tich phuong sai ANOVA va kiém dinh T.

2.6.1 Phan tich phwong sai ANOVA va kiém dinh T

2.6.1.1 Phéan tich phwong sai one-way ANOVA

Céc phan tich ANOVA [64] thudong dugc xem nhu 1a tap hop cua cac tinh hudng
thue nghiém va cac tha tuc thdng ké dé phén tich cac dap (ng c6 tinh dinh luong tir
cac don vi thir nghiém. Bai toan ANOVA don gian dugc goi vai cac tén khac nhau
nhu nhan t6 don (single-factor) hoic one-way ANOVA. Bai toan ANOVA don gian
lién quan dén viéc phan tich trong truong hop cac dit liéu duoc l1dy mau tir hai quan
thé tré 1én hozc khi dit liéu dugc Iy tir cac thir nghiém trong d6 dung tir hai phuong
phap xi ly tré 18n. Céac dic tinh phan biét cac phuong phap xt Iy hoic cac quan thé
v6i nhau duoc goi 1a cac nhan té (factor) va duoc dung trong nghién ciu, con céc
phuong phap xtr Iy khac nhau hozc quan thé khac nhau duoc goi 1a cac mire d6 cua
nhan té. Phan tich one-way ANOVA duoc st dung trong trudng hop chi c6 mot yéu
t6 nao d6 duwoc xem xét nham xac dinh anh huong cia nd dén mot yéu té khéc. Yéu
t6 duoc xem xét anh huong sé duoc dung dé phan loai cac quan sét thanh cac nhém
khac nhau.

Phuong phap one-way ANOVA thyc hién so sanh céc gia tri thong ké (gia tri trung
binh) ctia nhiéu tap dix liéu. Gia st I 12 s6 tap dix liéu can so sanh, py, ..., 4y 12 cac gia
trj trung binh cua ting tap dit liéu, gia thuyét can kiém dinh Ia:

Hy: py = p, = -+ yy (gia tri trung binh ciia cac tap dir liéu bang nhau)

H,: it nhat 1 trong 2 gi trj u; khac nhau.

Néu H, 1a dang, cac J quan sat trong mdi ca thé tir mot quan thé phan bd chuan
thong thuong cd cung mot gid tri trung binh g Trong truong hop do, gia tri trung
binh ciia cac ca thé Xy, X5, ..., X; 12 gan véi nhau. CAc thu tuc kiém tra dya trén viéc
so sanh phép do do chénh léch giita cac x; so vai phép do do bién dbi duogc tinh toan
tir m&i mau. Bé kiém dinh cac gia thuyét trén, can tinh gia tri trung binh binh phuong
MSTr (Mean Square for Treatments) va trung binh binh phwong 16i MSE (Mean
Square for Error) theo cac cong thac (2.14) va (2.15).
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MSTr = 1{_1 (X, —X)?+ (X, — X )2+ + (X, — X)?]
B L c o2 (2.14)
== 1Z<Xi. %)

MSE2512+S§+---+S,2 .15
i :

Trong c6ng thac (2.14), I 1a s6 tap dit liéu va J 1a sb gia tri do cho mdi tap di liéu.
X, 1a gia tri trung binh trén mau tha i, X la gia tri trung binh trén toan bo dir liéu.
Trong cong thic (2.15), S? 1a phuong sai mau thir i. Thir nghiém thdng ké cho one-
way ANOVA 1a F = MSTr/MSE.
2.6.1.2 Kiém dinh T

Két qua phan tich phuong sai ANOVA loai bo gia thuyét H, va chap nhan H,, nhu
Vay s& c6 cac cap gia tri u; — p; cua cac tap dit liéu khac nhau. Khi do, can biét chinh
X&c nhitng cap gia tri nao co sy khac biét dang ké. Bé kiém dinh diéu nay, mét trong
nhitng phwong phap duoc sir dung pho bién 1a kiém dinh T (Tukey’s test [64]). Kiém
dinh T sir dung phan b6 Student d¢ danh gia cac cap gid tri ; — p; . Cac khoang tin
cay cua cac cap gia tri y; — u; duoc tinh dé so sanh. Khoang tin cay cua gié tri nay
dugc Mo td & phuong trinh (2.16) V&i Q4 1¢—1)) 12 gid tri ctia phan bo Student tai
muc ¥ nghia «a.

X — Xj - Q(a,l,l(]—l))\/ MSE/] < w—p; < X — )?j + Qa1g-1)V MSE/] (2.16)
véimoii,jva(i=1,..,1vaj=1,..,J)voi (i <))

Gia s I = 4 thi ta can tinh khoang tin cay cho 6 cap: u; — ty, fy — H3, 1y —
Ua) Uy — Uz, Uy — Ua, Uz — Uy . NgOaira, P — value ciing dugc tinh cho cac truong
hop nay. Goi F la ty Ié trung binh binh phuong 18i, P 1a x4c suat théng ké thir nghiém,
cd thé c6 mot gia tri Ion hon hoac bang gia tri théng ké kiém dinh (P > F).

2.6.2 Anh hwéng ctia tham sé dac trwng dén phan biét cac cam xuc

Luan an d4 tién hanh cac thir nghiém dé xem xét yéu té dic trung cua tin hiéu tiéng
no6i da trinh bay trong Bang 2.6 ¢6 anh hudng dén su phan loai bon cam xuc co ban
hay khong, néu cé anh huéng thi gia tri trung binh cua dic trung phd cua cac tap cam
xuc s€ la khac nhau. Trong luan an, phuong phap one-way ANOVA da duoc str dung
dé phan tich su anh hudng cua cac dic trung dén su phan biét cac cam xuc véi nhau.
Ngir liéu cam xuc da gigi thiu ¢ muc 2.3 duoc dua vao danh gia. Gia thuyét can
kiém dinh 14 cac gi4 tri trung binh cua bbn tap cam xdc vui, budn, tic gian va binh
thudng 14 nhu nhau, nghia 12 khong c6 su khac biét giita bon cam xtc. Gia thuyét doi
lap: c6 it nhat hai cap cam xuc c6 su khéc biét vai nhau. Bang 2.7 théng ké gia tri F
va P — value cua phan tich ANOVA cho cac dic trung di dé xuat.
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Gia sir can kiém dinh xem tham s6 dic trung skewness caa pho cé anh huong dén
su phan biét cac cam xac hay khong, cac gia tri MSTr va MSE s€ duoc tinh toan dua
trén cac gia tri trung binh va phwong sai ctia tham sé nay. Tuong tu VSi cac tham sé
dic trung khac, cac két qua phan tich thong ké F va P — value cua cac tham sé dic
trung dugc trinh bay trong Bang 2.7.

Bang 2.7 Gia tri thang ké F va P-value cua phan tich ANOVA
cho cac tham so ddc trung

STT Tham s6 dic trung GiatriF | Giatri P — value
1 Harmonicity 218,4038 5,7727E-134
2 Center of gravity 1317,4812 0,0
3 Standard deviation 1397,2756 0,0
4 Skewness 1114,7564 0,0
5 Kurtosis 5941112 0,0
6 Central spectral moment 1664,5398 0,0
7 Mean 783,2338 0,0
8 Slope 1218,3402 0,0
9 Standard deviation of LTAS | 751,0346 0,0
10 Intensity 877,2506 0,0
11 Formantl 414,7949 3,008715E-243
12 Bandl 423,7496 5,269112E-248
13 Formant2 1066,9129 0,0
14 Band2 417,9563 6,265008E-245
15 Formant3 418,7876 2,265692E-245
16 Band3 342,0899 6,349E-204
17 Formant4 198,3841 2,954376E-122
18 Band4 321,2435 2,071804E-192
19 FO 453,9051 6,902E-264
20 dF0 25,6372 1,8217E-16
21 FONormAver 3241,4807 0,0
22 FONormMinMax 257,7462 1,1788E-156
23 FONormAverStd 3241,481 0,0
24 dLogFO0 91,85127 5,104602E-58
25 LogFONormMinMax 186,8734 1,792956E-115
26 LogFONormAver 1168,8149 0,0
27 LogFONormAversStd 3001,683 0,0

C6 thé thay rang, trong phan 16n cac trudng hop, P — value = 0,05 dwoc st dung
lam ngudng cit cho quyét dinh khac biét [64]. Néu gia tri P — value nhé hon 0,05,
gia thuyét cho rang khong co su khac biét gitra cac cap cam xdc sé bi loai bo va khang
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dinh c6 sy khac biét dang ké. Bang 2.7 cho thay, cac gia tri P — value = 0, c¢6 nghia
X4C suat dé cac gia tri trung binh p; = u, = us = p, ctia cac cam xuc la rat thap. Nhu
vay, gia thuyét khdng c6 su phan biét giira cac cam xdc bi bac bo va c6 thé khing
dinh rang cd thé phan biét dugc cac cam xic véi nhau dua vao cac tham sé trén.

Bang 2.8 Gia tri P — value cua kiém dinh T véi cac tham sé ddc trung cho ting cgp cam Xxdc

Thie | Tham sé dic P —value

tu trung BT -Budn BT -Tic BT -Vui | Budn-Tic| Budn—Vui | Tirc - Vui
1 | Harmonicity 3,7683E-00 | 3,7683E-09 | 2,8624E-06| 3,7683E-09 | 3,7683E-09 | 3,7683E-00
2 | center of gravity 3,7683E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 1,3024E-06
3 | Standard deviation | 3,7683E-09 | 3,7683E-09 | 3,7683E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09
4 | Skewness 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
5 | Kurtosis 3,7683E-09 | 3,7683E-09 | 6,4688E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
6 g‘;’:;;i'fpewa' 0,010095 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09
7 | Mean 3,7683E-09 | 0,20606 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
8 | Slope 3,7683E-00 | 3,8234E-09 | 3,7683E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
9 i;al_”f:gd deviation | 5 7683F 09 | 0,61003 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09
10 | Intensity 3.7683E-00 | 04524 | 3,7683E-09 | 3,76 83E-09| 3,7683E-09 | 3,7683E-00
11 | Formant 3,7683E-09 | 0,0032784 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
12 | Band1 3,7683E-00 | 3,7683E-09 | 3,7694E-09 | 4,0303E-09 | 3,7683E-09 | 3,7683E-00
13 | Formant2 3,7683E-09 | 3,9206E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
14 | Band2 3,7683E-09 | 3,7683E-09 | 0,0001134 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
15 | Formant3 3,7683E-09 | 3,7683E-09 | 7,2108E-05 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
16 | Band3 3,7683E-00 | 3,7683E-09 | 3,7683E-00 | 3,7683E-09 | 3,8514E-09 | 3,7683E-00
17 | Formants 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09| 0,015535 | 3,7683E-00
18 | Band4 3,7683E-09 | 0,0013824 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
19 | Fo 3,7683E-09 | 0,018149 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
20 | dFo 2,8295E-07 | 0,0092189 | 009973 | 3,7683E-09 | 1,6984E-07 | 1,6984E-07
21 | FoNormAver 3,7683E-09 | 3,7683E-09 | 3,7683E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
22 | FoNormMinMax 3,7683E-09 | 0,014222 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
23 | FoNormAverstd 3,7683E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
24 | dLogFo 3,7683E-09 | 018898 | 042845 | 3,7683E-09 | 3,7683E-09 | 0,96305
25 | LogFONormMinMax | 4,4826E-07 | 3,84E-09 | 3,7683E-09 | 3,7683E-09| 3,7683E-09 | 3,7683E-09
26 | LogFONormAver 3,7683E-00 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-00
27 | LogFONormAverstd | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09 | 3,7683E-09
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Két qua phan tich ANOVA véi bén cam xac cho thdy cé thé phan biét duoc cac
cam xuc duya trén cac tham sé dic trung phd cua tin hiéu. Vay lam sao dé biét nhitng
cap cam xUc nao ¢ thé phan biét dugc vai nhau dya vao cac tham sé do6? Bé tim kha
nang phan biét cac cap cam xuc nay, luan an da tién hanh thir nghiém ding kiém dinh
T va két qua duoc thong ké trong Bang 2.8.

Bang 2.8 cho thay, c4c gia tri P — value 1 rat nho khi danh gia cho ting tham s
dbi véi tirng cap cam xuc. Cac cap cam xtac dugc phan biét tot nhat véi hau hét 27
tham sb dic trung 13 budn-vui, budn-tic. Piéu nay 1a phii hop vi trong thuc té hai cap
cam xuc nay ciing dé dugc cam nhan phan biét mot cach rd rang. Cac cap cam xuc
con lai cling dugc phan biét rd, tuy nhién cac tham sé mean, standard deviation of
LTA, intensity c6 anh huodng it hon véi cap cam xUc binh thuong-tic. Cac tham sé
dFO0, dLogFO0 anh hudng it dén cap cam xUc binh thudng-vui. Ciing kho phan biét ddi
véi cap cam xUc tac-vui khi st dung tham sé dLogFO.

Ciing can luu y, viéc xét mot tham sé nao do dé thay rang c6 @6 phan biét cao chi
c6 ¥ nghia riéng biét d6i vai tham sé do chir khéng mang tinh tong thé cho ca mé
hinh nhan dang. Trén thuc té, viéc xay dung mot mé hinh khéng chi sir dung mdi mot
tham s6 nao d6 ma sir dung mot tap tham sé khac nhau. Trong luan an khong danh
gi4 su anh huang cua cac tham sé6 MFCC bai vi MFCC la tham sb dic trung co ban
can ¢ cua tin hiéu tiéng noi va duoc sir dung rong rai trong cac nghién ciru vé nhan
dang tiéng noi noi chung va nhan dang cam xac noi riéng.

Céacgiatri P — value trong Bang 2.7 va 2.8 duoc tinh toan bai MatLab vai d6 chinh
xac double-precision va dugc giir nguyén theo dinh dang hién thi cia MatLab. Trén
thuc té, cac gid trj rat nhé nhu xxxE-243, XxXxE-248... ¢6 thé dugc coi 1a gia tri 0.

2.7 Panh gia sw phan |&p cta bé ngir liéu cam xuc tiéng Viét

2.7.1 Két qua phan 1&p véi LDA

Dé danh gia sy phan 1ép cua bo ngit liu cam xdc tiéng Viét ding cho cac the
nghiém trong luan an, phuong phap phan 16p LDA di duoc sir dung. Tong s6 file
tiéng néi dua vao phan 16p 12 5584 file, trong d6 ¢ 2792 file tiéng noi tuong tng Voi
mai gidi tinh.

Két qua phan 16p bing phuong phap LDA trén Hinh 2.5 cho thiy, 4 cam x(c vui,
budn, tire, binh thudng duoc phan 16p twong dbi rd rang cho ca giong nam va giong ni.
Trong 4 cam Xuc, cam xtc binh thudng dugc phan biét rd nhat so vai 3 cam xdc con lai.

Tir Hinh 2.5 cho giong nit, cam xtc binh thudng dugc quan sat thay rat rd rét. Ba
cam xdc vui, budn va tic tuy phan b gan nhau hon nhung chiing van phan b theo
tirng ving cua tirng cam xuc va ciing d& quan sét va ciing dé thiy c6 do phan biét.
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Hinh 2.5 Két qud phan Iép cam xuc giong nam va ni bang LDA
Hinh 2.6 1a két qua phan 16p cam xuac cho ca giong nam va nit. Ca bén cam xuc
duoc quan sat phan biét rd rang, viéc phan biét cac cam xuac cua bo ngir lidu kha tot
trong d6 cam xuac binh thuong dugc phan I6p kha tach biét so véi 3 cam xuc con lai.
LDA chiéu cho giong nam va giong ni
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Hinh 2.6 Két qud phan I6p cam xdc cd giong nam va niz bang LDA

2.7.2 Thir nghiém nhan dang cam xuc tiéng Viét dwa trén bd phan 1&p
IBk, SMO va Trees J48

Trudc khi nghién ciru thir nghiém nhan dang vai mé hinh GMM va DCNN, luan
an da tién hanh thtr nghiém nhan dang cam xuac trén cac bo phan 16p IBK, Trees J48,
SMO dé gop phan danh gia tinh phan 16p cta bo ngi lidu cam xac tiéng Viét.
2.7.2.1 C6ng cu, ngi liéu va tham sé s dung

Cac bo phan 16p IBK, Trees J48, SMO thudc bo cong cu Weka, gdm tap hop céc
thuat toan hoc may dung cho khai pha ngtr liéu do Pai hoc Waikato, NewZealand
phét trién [183]. SMO [184] la thu4t toan ti wu hoa cuc tiéu lan luot dé huan luyén
bo phan 16p hé trg vécto dung kernel da thirc hoac Gauss. IBK 1a bo phén I16p k lang
giéng gan nhat sir dung do do khoang cach Oclit [183]. Bo phan 16p Trees J48 [185]
dugc dung dé co cac luat tir cac cay quyét dinh riéng phan di duoc xay dung bang
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cach sir dung J48. J48 1a cai dat ma ngudn mo Java cua thuat toan C4.5 va thuat toan
nay duoc ding dé tao cay quyét dinh do Ross Quinlan phat trién.

Ngtr liéu dung cho cac thir nghiém nay la tap ngir liéu T1 da duoc trinh bay trong
Chuong 2 gom 5584 file twong tng véi 4 cam xuc va duoc 16 nghé si (8 giong nam
va 8 giong nir) thé hién. Sé file trong bd ngit liéu duoc chia 1am 2 phan bang nhau,
mét phan dung dé huan luyén va phan con lai ding cho nhan dang. Thi nghiém nhan
dang dugc thuc hién theo phuong phap danh gia chéo (cross-validation). Bo tham sb
dic trung duoc trich rat nhd cong cu OpenSMILE véi 384 tham sé [186]. Céac tham
s6 nay dugc tinh toan nhu sau:

Véi mai file tin hiéu tiéng néi s& dugc phan tach thanh mét tap cac khung tin hiéu
véi do dai khung 25 ms va d¢ dich khung 10 ms. Sau do, 16 gia tri dac trung duoc
tinh toan cho mdi khung bao gom:

e 12 hé s6 MFCC, ty 18 bién thién qua truc khong (Zero-Crossing Rate)

e Xac suit Am hiru thanh, tin s co ban, nang luong

MJi gié tri dic trung nay lai dugc tinh dao ham bac nhat theo thoi gian va thu dugc
32 tham s6. Tt ca 32 tham s6 lai dugc tinh toan voi 12 gia tri théng ké sau day:

e Gia tri cuc dai, cuc tiéu, vi tri xuat hién cuc dai, vi tri Xqét hién cuc tiéu, gi:ci tri

trung binh, dai gid tri (d chénh léch gitra gia tri Ién nhat va gia tri nho nhat)

e Do ddc, d6 léch va 16i trung binh binh phuong cia xap xi tuyén tinh

e D0 léch chuan, do 1éch pho so véi tan s6 trung binh (skewness), do khac bit

pho quanh tam pho so véi phan bo Gauss (kurtosis).

Nhu vay, s6 tham sb dic trung duoc tinh s& 1a 32 x 12 = 384 tham sé cho mdi file
tiéng noi.
2.7.2.2 Két qua thir nghiém

Két qua nhan dang cam xuc tiéng Viét st dung cac bo phan 16p 1Bk, Trees J48,
SMO dugc théng ké trong Bang 2.9, Bang 2.10 va Bang 2.11.

Bang 2.9 la ty 1¢ nhan dang cam xdc ding tat ca 384 tham sb. Bang 2.9 cho thay,
ty 18 nhan dang dung trung binh cao nhat cho ca 4 cam xuc dat 98,17% khi sir dung
bo phan 16p IBK con ty 18 nhan dang ding trung binh thap nhat 14 80,64% khi sir dung
bo phan 16p Trees J48.

Bang 2.9 Ty Ié (%) nhadn dang cam xdc véi 384 tham sé

N VA a Cam xuc , . Binh N Tyle
B¢ phanlép | . , Tlre Vul \ Buén trung
Cam xuc thuong binh
Tac 99,07 0,64 0,14 0,14
\Vui 0,93 98,85 0,07 0,14
IBk Binh thuong 0 0 97,92 2,08 98,17
Budn 0 0,07 3,08 | 96,85
Tac 96,06 3,65 0,29 0
SMO \Vui 2,94 96,13 0,93 0 94,73
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Binh thuong 029 | 057 | 9312 | 6,02
Buon 021 | 079 | 537 | 9362
Tirc 7765 | 1612 | 444 | 1.79
Vi 1547 | 7901 | 387 | 165

Trees J48  Sinh thuong 437 | 415 | 808 | 1067 | 2004
Buon 136 | 179 | 1175 | 851

Bang 2.10 I ty & nhan dang cam xuc d6i véi trudng hop chi sir dung 288 tham sé
lién quan &én MFCC. Ty Ié nhan dang trung binh di vai bo phan 16p 1Bk 1a 98,4%,
SMO la 92.8%, Trees J48 la 79,3%.

Bang 2.10 Ty 1¢ (%) nhdn dang cam xtc chi dung 228 tham sé lién quan dén MFCC

L . Ty 1é
N A s Cam xuc , . Binh N ;
Bo phan lép CAMm Xtc Tuc Vui thuong Buon tt;llj:rg];
The 098,28 | 1,29 0,29 0,14
VUi 0,93 | 98,93 | 0,07 0,07
IBK Binh thuong 0 0 | 9885 | 115 | °of
Budn 0 0 251 | 97,49
Tire 93,34 | 5,80 0,72 0,14
VUi 523 | 9334 | 1,36 0,07
SMO Binh thudng 0,36 0,86 | 92,34 | 645 928
Budn 0,14 1,72 6,09 | 92,05
The 7736 | 17,62 | 3,65 1,36
VUi 16,48 | 77,29 | 3,94 2.29
Trees J48 I ginh thwong 365 | 258 | 8030 | 1347 | >3
Budn 15 2,22 13,97 | 82,31

Déi vai Bang 2.11, khi s6 tham sé giam xudng con 48 tham s6 lién quan dén FO
va nang luong thi ty 1é nhan dang dung déu giam so véi trudng hop ding ca 384 tham
s6 song van gitr quy luat ty 1é nhan dang dtng trung binh cao nhat cho bo phan 16p
IBK va thap nhat cho b phan 16p Trees J48. Trudng hop chi sir dung cac tham sé lién
quan dén FO va ning luong, ty 1¢ nhan dang dung trung binh cao nhat giam xudng
con 82,59% va ty 1é nhan dang dung trung binh thap nhat giam xuéng con 75,25%.

Bang 2.11 Ty 1¢ (%) nhdn dang cam xic chi dung 48 tham sé lién quan dén
FO0va nang luvong

N camxdc | - | Binh L vie
B0 phan lop Cam x(c Tuc Vul thudng Buon trgng
binh
Tic 84,96 | 10,32 | 3,22 1,50
Vui 9,96 84,1 4,51 1,43
IBK Binh thuong 2,15 3,58 78,3 | 1597 82,59
Budn 1,50 093 | 1454 | 83,02
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Tiro 8105 | 12.75 | 380 | 150
Vi 13.04 | 79.01 | 7.16 | 079
SMO Binh thuong 222 | 709 | 6468 | 26 | '3
Buon 100 | 236 | 1117 | 8546
Tirc 7765 | 1562 | 501 | 172
Vi 1626 | 7536 | 7,09 | 1.29
Trees J48 I ginh thuong 550 | 659 | 6941 | 1848 | >°°
Budn 1,22 2,36 | 17,84 | 7858

Nhin chung, céc két qua nay déu kha quan so véi mot sé két qua nhan dang cam
xuc tiéng Viét da dugc cong bé trong cac tai liéu [104], [105] hoic két qua nhan dang
cam xdc cua mot sé ngdn ngir khac [187] [188], [189], [190].

Trong s6 cac bo phan 16p duoc sir dung dé thir nghiém bude dau nhan dang cam xuc
theo bo ngit liu BKEmo, bo phan 16p 1Bk cho két qua nhan dang tét nhat ddi véi ca
bdn cam xuac. Véi viéc thir nghiém nhan dang trén cong cu Weka ding 3 bo phan 16p
trén, co thé thay bo ngir lieu cam xuc tiéng Viét da dé xuat co chat luong dam bao dé
tién hanh cac thir nghiém nhan dang cam x(c trong luan an. Chuong sau cua luan an
s& di sau vao nghién ctu thir nghiém nhan dang cam xac cho tiéng Viét noi véi md
hinh nhan dang GMM duya trén cac tap ngit liéu va tham sé st dung khac nhau.

2.8 Két chwong 2

Chuong 2 da trinh bay cac phuong phap xay dung ngir liéu tiéng ndi co cam x(c
dé thuc hién cac nghién ciru vé nhan dang cam xdc va cach lra chon, phan tich danh
gia bo ngir liéu cam xdc tiéng Viét. Bo ngit liéu cam xdc tiéng Viét duoc dé xuat cho
cac thir nghiém trong dé tai bao gom 5584 file tiéng n6i cd cam xUc cua cac nghé si
duogc thu am véi bén cam xdc vui, budn, tirc va binh thuong. Bo ngit liéu nay da dugc
nghe va danh gia mtrc 46 phan 16p bang phwong phap LDA, d4nh gia ty 1& nhan dang
dung bang mo hinh SMO, 1Bk, Trees J48 cua bo cong cu Weka. Két qua cho thay bo
ngit liéu c6 su phan 16p rd rang cac cam xdc véi nhau va dang tin cay dé thuc hién
cac thir nghiém nhan cam xac di véi tiéng Viét.

Céc nghién ciru tinh toan, phén tich va danh gia cac tham sé dic trung cua tiéng
noi ¢ anh hudng dén cam xuc tiéng Viét ciing da duoc trinh bay. Céc tham sb dic
trung cua tin hiéu tiéng noi trong bo ngi liéu tiéng Viét da duoc trich chon bang bo
cdng cu Alize va Praat. Két qua phan tich phuwong sai ANOVA va kiém dinh T cho
thiy cac tham s lién quan dén tan sé co ban FO, ning luong va cac dic trung phd
cua tin hiéu tiéng néi déu c6 anh huéng dén su phan biét cac cam xdc vui, budn, tic
va binh thuong. Nhitng két qua nay 1a co s dé tién hanh nghién ctiu thir nghiém cac mé
hinh nhan dang cam xdc cho tiéng Viét ndi duoc trinh bay trong cac chuong tiép theo
cua luan &n dua trén bo ngit liéu va cac tham sé da dugc danh gia trong Chuong 2.

Cac noi dung nghién ctru chinh cua chwong 2 da duoc cong bd trong cac bai bao
$63,4,5,6 trong danh muc cac cong trinh nghién ctru cua luan an:
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. Cam xic trong tieng n6i va phan tich thong k& ngir liéu cam xuc tiéng Viét,
Chuyén san Cac cong trinh Nghién ctu, Phat trién va Ung dung Céng nghé
Théng tin, Tap chi Buu chinh Vién théng, tap V-1, s6 15 (35), trang 86-98.

. S0 sanh hiéu nang mét sé phwong phdp nhdn dang cam xuc tieng Viét néi, Ky
yéu Hoi nghi khoa hoc céng nghé quéc gia lan thtr IX, Nghién ciru co ban va
rng dung céng nghé thdng tin, Can Tho, trang 656-662.

. Tong hop tiéng Viét cd cam xidc, Chuyén san Cac cong trinh nghién cau phat
trién Cong nghé Thong tin va Truyén thdng, Tap chi Buu chinh Vién théng, Tap
V-2, S6 18 (38), trang 67-77.

. Anh hwong cia déc trng phé tin hiéu tiéng néi @én nhan dang cam xuc tiéng
Viét, Ky yéu Hoi nghi khoa hoc céng nghé quéc gia lan thi X, Nghién ciru co
ban va Ung dung Cong nghé Thong tin, Pa Ning, trang 36-43.
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Chwong 3. NHAN DANG CAM XUC TIENG VIET NOI VOI
MO HINH GMM

Dé nhan dang cam x(c tiéng noi, da c6 nhiéu bd phan 16p duoc dung nhuy HMM,
GMM, SVM, ANN, k-NN va nhiéu bo phan 16p khac. Nhu d trinh bay, trén thyc té
khong c6 su thoa thuan vé mot bo phan 16p nao d6 1a thich hop nhat cho nhan dang
cam xuc. Bai 18 mdi bo phan 16p c6 wu thé va han ché riéng caa n6. Chuong nay cua
luan &n s& trinh bay két qua tht nghiém nhan dang cam xuc véi md hinh nhan dang
GMM sir dung bo ngit liéu cam xuc tiéng Viét da duoc trinh bay trong Chuong 2.

3.1 M6 hinh GMM cho nhan dang cam xuc

Muyc 1.4.7 da trinh bay kha chi tiét vé mé hinh GMM va pham vi ¢ng dung caa md
hinh nay. Trén thyc té, GMM da dugc dung pho bién cho cac truong hop dinh danh
ngudi noi [182], dinh danh ngbn ngit [191] dinh danh phuong ngir [192] hoac phén
I6p thé loai &m nhac [193]. Phan nay sé trinh bay cu thé viéc st dung md hinh GMM
cho nhan dang cam xc tiéng Viét trong khudn khé cuaa luan an.

Gia str vi mot phat ngon cia cam x(c j twong tng ¢6 K khung tiéng n6i va moi
khung tiéng noi trich chon duoc vécto dic trung x; ¢ D chiéu. Nhu vay, mot phat
ngbn cua cam XxUc j s€ twong Gng Vvoi tap X chua K vécto dic trung X =
{x1,%,, ..., X }. Gia thiét cac vécto dic trung phu hop véi phan bé Gauss, phan b
nay dugc xac dinh bai trung binh va d6 Iéch so véi gia tri trung binh. Tur d6, phan bd
cac dic trung cua cam XxUc j ¢d thé duoc md hinh héa bang hdn hop cac phan bd
Gauss. M hinh hdn hop cac phan bo Gauss 4; ciia cam x(c j s& bang tong c6 trong
s6 cia M phan b thanh phan dugc xac dinh boi xac suat:

M
p(x|2;) = Z TN (X; oy ) (3.1)
m=1
Trong (3.1), 7,,, 1a c4c trong sé caa hdn hop thoa man diéu kien ¥4 _. m,, = 1,
N(X; ., ) 1 cac ham mat do thanh phan véi phan b Gauss D chiéu c6 dang:

1 1 Ty -1
. — —S&X-um) Zm~ X—um)
N(X; o, Zn) = (2m)P/2|x, |1/2 ezt g (3.2)

Trong (3.2), w., la vécto ky vong u,,, € R? con X, la ma tran hiép phuong sai
2, € RP*P Nhu vay, m6 hinh GMM A; cho cam xuc j dugce xac dinh béi bo ba gom
cac vécto ky vong, cAc ma tran hiép phuong sai va cac trong sé cho M thanh
phan: 4; = {fm, Zm, T} m = 1,2, ..., M.

Trén thuc té, viéc xac dinh md hinh GMM A; cia cam xuc j s€ duoc thuc hién theo
thuat toan cuc dai héa ky vong (EM: Expectation-Maximization). Thuat toan nay sé
x4c dinh cuc dai kha hién (ML: Maximum-Likelihood) cia log kha hién log (p(X|4,)
[194]. Trong qua trinh huan luyén, thudng dung thuat toan EM dé tim ra cac dai lugng
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dic trung cia md hinh. Hinh 3.1 14 so @ mé hinh GMM cho nhan dang cam x(c
tiéng néi. Trong do:

e Phan huin luyén mé hinh: Tir cac vécto tham sé cua tap ngi lidu, huin luyén
dugc thuc hién qua cac budc:

+ Khoi tao mo hinh

+ Huan luyén md hinh nén UBM: Tao ramot mé hinh chung tir tap ngit liéu chung
VGi cac dac trung chung cho cam xdc (A = {u;, 7, Z;})

+ Dua trén md hinh nén d3 duoc huin luyén, tap ngtr licu cua bdn cam xic s&
dugc hudn luyén cho timg mé hinh cam xuc. S& ¢6 4 mo hinh cam xuc tuong
ung véi 4 cam xuc nhu sau: A,y = {Uy, Ty, 20} Apwsn = e T Zp ) Age =
{ue, w0 20 Apinn thuong — {be Thes Zpe})

M&i mé hinh cam xuc c6 cac dic trung ky vong, phuong sai, ma tran hiép phuong
sai va mot gia tri cua so thanh phan Gauss M tuong ung.

»

| M6 hinh nén UBM

Hudn luyén

Dit licu Trich chon
§ ; - \ A

tiéng noi dactrungva| Mb hinh

cam xuc chuan héa . . )
a diic trung cho tirng cam xudc

A
Nhén dang Két qua
> nhan dang

Hinh 3.1 So' @6 md hinh GMM téng quét cho nhédn dang cam xc

Hinh 3.2 1a cac vi du minh hoa cho m6 hinh GMM tuong ing véi 4 cam xuc: vui,
budn, tirc va binh thuong ctia bo ngir liéu BKEmo. Hinh 3.3 1a vi du minh hoa cho
mo hinh GMM ctia 6 cip cam xuc tuong (g v6i 4 cam xtic ndy. Vécto tham sb dic
trung ctia cac vi du & day chi 1a 2 chiéu bao gdm tan sé co ban va cudng do.

s i hid funmg ‘ Coams v baaln Bede
I 1
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Hinh 3.3 M6 hinh Gauss cua 6 cap cam xuc

e Phan thir nghiém nhan dang: Tir ngit liéu dau vao ding dé nhan dang cam xuc,
cac vécto tham sd dic trung cua tap nglr li¢u dugc dua vao mo hinh, mé hinh
s& thuc hién tinh toan két qua va dua ra diém sd.
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3.2 Cdng cu, tham sé va ngir liéu str dung

Trong luan an, bo cong cu Alize da duogc sir dung dé danh gia mé hinh GMM va
thuc hién nhan dang cam xdc con Matlab 1a ngdn ngit lap trinh trung gian dung dé
két ndi, phéi hop, tinh toan va thiét 1ap cac cdu hinh twong tng. Vi vy viéc nhan
dang cam xuc tiéng Viét trong nghién ciu cua luan an da duoc thuc hién hoan toan
tu dong.

Alize 12 mét thu vién ma ngudén mé hd trg trong linh vuc nhan dang tu dong nguoi
noi va co thé ma rong cho céc wng dung nhan dang khéac nhu nhan dang phwong ngit,
nhan dang cam xuc [182]. Alize dugc phat trién tir mot hé thong cé san tai KTH
(Kungliga Tekniska hogskolan — Royal Institute of Technology), goi la GIVES
(General Identity Verification System) trong chuong trinh nghién ctru cta Phép.
Alize cung cap cac cong cu giup thuc hién cac xu ly nhu: trich chon dic trung, chuan
hoa dic trung, huan luyén md hinh va nhan dang. Két qua sir dung Alize dé nhan
dang phuong ngit tiéng Viét da duoc cong bd & bai bao “Nghién ciru va thir nghiém
nhan dang phuong ngir tiéng Viét” trén Tap chi Khoa hoc va Cong nghé, PHSPKT
Hung Yén, s 4, ISSN 2354-0575, trang 96-101.

Luan an ciing da thuc hién thir nghiém danh gia bo céng cu Alize vai mé hinh
GMM nhan dang cam xuc trén bo ngi liéu tiéng Dwrc [115]. Tuy nhién, bo ngit liu
nay c6 s6 luong nguoi noi, s6 lwong giong néi cho cac cam xuc rat it va phan b
khong dong déu nhu thong ké trong Phu luc 2 cho thay nén rat kho dé so sanh két qua
nhan dang cam xac véi b ngir lidu tiéng Viét. Két qua thir nghiém dung Alize dé
nhan dang cam xac theo md hinh GMM dbi véi b ngit liéu cam xac tiéng Dic da
duoc cho ¢ Phu luc 2.

Bo tham s6 sur dung trong phan thir nghiém dé nhan dang bén cam xuac thudc
Chuong 3 gdom MFCC (19 hé s6), dao ham bac nhat, dao ham bac hai cua MFCC,
FO0 va bién thé cua FO, nang lugng, cuong do, formant va dai thong tuong wng, cac
tham sé dic trung phd. Céc tham sé nay da duoc trinh bay chi tiét trong muc 2.5 cua
Chuong 2. Dé danh gia va xac dinh gia trj cua cac tham sé hoic cua tirng tham sé ddi
véi md hinh nhan dang, luan &n da thir nghiém véi nhiéu to hop tham sé khéac nhau
dé danh gia két qua nhan dang véi céc to hop tham sé nay, tir d6 xac nhan nhiing
tham sé ndo cd anh hudng tich cuc dén nhan dang cam xdc tiéng Viét néi.

MAi thir nghiém nhan dang duoc tién hanh véi sb thanh phan Gauss M ting tir 16
dén 8192 theo lity thira 2 (M = 2™,n = 4,5, ...,13). Qua thir nghiém thay rang, khi
M tang cao, thoi gian tinh todn cling tang 1én nhung ty 1€ nhan dang tang khong dang
ké. Do vay, luan an da sir dung M tang tir 2* dén 213 ma khong ting thém nira.
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Ngit liéu ding cho céc thir nghiém trong muc 3.3 sau day gom 4 tap ngit liéu T1,
T2, T3 va T4. Chi tiét v& cac tap ngit liéu nay da duoc trinh bay trong Bang 2.2 cua
Chuong 2.

3.3 Cac thte nghiém nhan dang

Lu4n an da tién hanh 13 thir nghiém nhan dang cam xuc véi mé hinh GMM. Bd tham
s6 va sb lwong céc tham sé cua 13 thir nghiém nay duoc trinh bay trong Bang 3.1.

Bang 3.1 Cac thu nghiém nhdn dang cam xac voi GMM

cac thi Tap tham sb Ghi chu S0
nghiém lwong
Thtr nghiém 1 | MFCC 19 MFCC 19
, = 19 MFCC + 19 Deltal
Thi nghiém 2 | MFCC+Deltal ctia MECC 38
, A 19 MFCC + 19 Deltal
Thu nghiém 3 | MFCC+Deltal2 va 19 Delta2 cia MECC 57
MFCC+Deltal2 + nang
Thir nghiém 4 | prm60 lwong + Deltal va 60
Delta2 cua nang luong
prm60 + FO + cuong do
Thi nghiém 5 | prm79 +4 formant + 4 dai 79
théng + 9 dac trung pho
Thir nghiém 6 | prm87 prm79 + 8 bién thé FO 87
Thur nghiém 7 | FeaSpec Céc dic trung phod 9
Thu nghiém 8 | MFCC+FeaSpec Fl)ﬁéMFCC +9 ddc trung 28
Thu nghié¢m 9 | MFCC+Deltal+FeaSpec 19 MFCC § 19; Deltal + 47
9 dac trung pho
19 MFCC + 19 Deltal
Thtr nghiém 10 | MFCC+Deltal2+FeaSpec | va 19 Delta2 cia MFCC 66
+ 9 dac trung pho
19 MFCC + 19 Deltal
Thir nahiem 11 MFCC+DeIta12+mé§ va 19 Delta2 caa MFCC 58
ghie trong 9 dac trung pho + mot trong 9 dac trung
pho
Thir nghiém 12 | prm60+F0+bién thé FO Egm60 +FO+8bién the 69
s prm79 + mét trong 8 bién
Thu nghiém 13 thé E0 80
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Céc tham s trong Bang 3.1 gdm cac dic trung phd (FeaSpec) da duoc trinh bay chi
tiét & muc 2.5.6, tdm bién thé FO da dugc trinh bay chi tiét & muc 2.5.4. Ky hiéu Deltal
cua MFCC dé chi dao ham bac nhit caa MFCC, ky hiéu Delta2 caa MFCC dé chi dao
ham bac hai cia MFCC, ky hiéu Deltal2 caa MFCC @ chi dao ham béc nhit va dao
ham bac hai cua MFCC. Ky hiéu prm60 dé chi tap gdm 60 tham s6, prm79 dé chi tap
gom 79 tham s, prm87 dé chi tap gém 87 tham sb.

Tiéng Viét 1a ngdn ngir co thanh diéu nén cac dic trung lién quan dén tan s6 co ban
c6 anh huong dang ké dén nhan dang cam xuc. Diéu nay di dugc phan tich va danh gia
trong Chuong 2 cua luan an. Muc ndy sé trinh bay cac két qua thir nghiém nhan dang
cam xUc khong chi st dung riéng dic trung MFCC ma con két hop véi dic trung phd,
cuong do, ning luong, formant va dai thong trong tng cling véi FO va bién thé caa FO.

Ly do str dung cac tham sé nhu trong Bang 2.6 va viéc chia cac bo tham sé nhu
trong Bang 3.1 dé tién hanh thtr nghiém c6 thé duoc giai thich nhu sau. MFCC da duoc
sir dung pho bién trong cac hé thdng xtr ly tiéng noi nhu nhan dang nguoi noi, nhan
dang tiéng n6i, nhan dang cam xuc. .. nén MFCC duoc xem nhu cac tham sé dic trung
co ban cua cac hé théng nay. C6 thé ndi ring MFCC la cac tham s6 co ban lién quan
dén phd tin hiéu tiéng noi da duoc hoi tu va dya trén do nhay cua hé théng thinh giac.
Ngoai ra, cac tham sé dic trung tir (8) dén (15) trong Bang 2.6 ciing 14 cac tham s6 lién
quan dén pho tin hiéu tiéng noi da duoc xac dinh théng ké. Bac biét, cac tham sé dic
trung skewness (11) va kurtosis (12) lién quan chat ché dén phan bé chuan ma GMM
da str dung. Quy luat bién thién khéc nhau cua FO s& xac dinh séu thanh diéu khéc nhau
cua tiéng Viét. Mit khac, cac quy luat bién thién FO cuia mot tir hodc mot cau ciing
tham gia biéu hién cam xuc [8]. Do d6, FO va cac tham s bién thé cua FO tir (16) dén
(23) c6 lién quan chat ché véi tiéng Viét va cam xUc cua tiéng noi.

Sau day 13 ni dung chi tiét cua cac thr nghiém d duoc tién hanh.

3.3.1 Thir nghiém 1 dén Thir nghiém 6

Cac Thtr nghiém tir 1 ¢én 6 thuc hién nhan dang cam xuc véi sau tap tham sb bao
gom MFCC, MFCC+Deltal, MFCC+Deltal2, prm60, prm79 va prm87. Sau day la
két qua thir nghiém nhan dang d6i véi ting tap ngir liéu va véi ting cam xdc.

3.3.1.1 Nhan dang déi véi timg tap ngd liéu

Hinh 3.4 1a két qua nhan dang cam xdc véi lan lugt cac tap tham sb twong ang Voi
cac Tha nghiém tir 1 dén 6 cho tap ngix liéu T1. C4 thé thdy, nhin chung ty I& nhan
dang dang ting dan khi M ting 1én. Khi sir dung tap prm87 dé nhan dang, ty 1& nhan
dang dung trung binh 13 98,96% dat cao nhat so v&i nam truong hop con lai va nam
trong khoang tr 97,53% - 99,97%. Truong hop chi dung MFCC, ty 1€ nhan dang
dung 1a thap nhat va nam trong khoang tir 72,96% - 88,90%, ty 1¢ trung binh dat
82,96%. Bon tap tham s6 con lai (MFCC+Deltal, MFCC+Deltal2, prm60, prm79)
cd ty 1& nhan dang xap xi nhau trong khoang tir 87,43% - 89,19%. Khi M > 128, tap
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tham s6 MFCC+Deltal cho ty & nhian dang cao hon so véi tap tham sé
MFCC+Deltal2, prm60, prm79.
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S6 thanh phan Gauss M

—— MFCC —=— MFCC+Deltal —a— MFCC+Deltal2
- % - prm60 —o—prm79 —o— prm87

Hinh 3.4 Két qud nhdn dang cam xtc doi véi T1
Két qua nhan dang dung trung binh cta bén cam xuc cho tirng tap tham sé véi tap
ngtt liéu T2 duoc trinh bay trén Hinh 3.5.
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S6 thanh phan Gauss M
—e— MFCC —=— MFCC+Deltal —&— MFCC+Deltal2
- =% - prm60 —o— prm79 —o— prm87

Hinh 3.5 Két qud nhdn dang cam xiic doi véi T2
Hinh 3.5 cho thay, khi sir dung tap tham sé prm87, ty 1& nhan dang dung van dat
cao nhit so véi cac tap tham sé con lai va nam trong khoang 93% - 99,11%. Vi 5
tap tham sb con lai, ty 1& nhan dang dang nam trong khoang tir 72,29% - 85,71%.
Truong hop tap tham sé chi co6 MFCC, ty 1é nhan dang dung van la thip nhat. Hai
truong hop dung MFCC+Deltal2 va prm60 c6 ty 1é nhan dang dung xap xi nhau.
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Hinh 3.6 1a két qua nhan dang véi tap ngit liéu T3. Két qua nhan dang cho thay,
tap tham sé prm87 van cho ty 18 nhan dang dtng cao nhat va trung binh 1a 85,44%.
Dic biét, trong thir nghiém nay, két qua nhan dang dat ty 1& cao nhat 1a 90,14% Vi
M = 16 con thap nhat 1a 80,54% voi M = 256. Cac truong hop con lai, ty 1& nhan
dang dtng trong khoang tir 57,75% - 74,79%. Khi M tang, ty 1€ nhan dang cua cac
tap tham sé nay ciing ting nhung khong nhiéu chi tir 66,97% dén 67,37%.
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Hinh 3.6 Két qud nhdn dang cam xiic doi véi T3

16 32 64 128 256 512 1024 2048 4096 8192
S6 thanh phan Gauss M

—e—MFCC —=— MFCC+Deltal —a— MFCC+Deltal2
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Hinh 3.7 Két qud nhan dgng cam xic doi véi T4
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Véi tap ngit liéu T4, Hinh 3.7 1a két qua nhan dang vai céc tap tham sb. Ty 1& nhan
dang dung cho tap tham sé prm87 cao hon han so véi cac tap tham sé con lai. Khi
M = 1024, ty I¢ nay dat cao nhat 13 94,22% con ty 1€ nhan dang dtng trung binh la
90,76%. Cac tap tham s6 con lai c6 ty 1& nhan dang dang thap hon va trong khoang
tr 52,69% - 69,40%.

3.3.1.2 Nhan dang déi véi timg cdm xac

Hinh 3.8 la két qua nhan dang cho tirng cam xdc @ng véi tirng tap tham sé cho T1.
Két qua théng ké cho thay, ty 1¢ nhan dang dting trung binh ciia cam xuc budn la thap
nhét (83,69%). Cam xuc vui dat ty 1é nhan dang dung (86,57%) cao hon cam xuc
budn. Hai cam xdc con lai ¢é ty 1& nhan dang dang trung binh cao hon va xap xi bang
nhau, trong d6 cam xuc tic co ty I1¢ nhan dang dang la 89,06% con cam xuc binh
thuong la 89,08%. Ca bon cam xuc déu dat ty 1é nhan dang dung cao nhat khi st dung
tap tham s6 prm87 vai ty Ié trung binh nhan dang dang lan luot 4 99,66%, 98,77%,
97,7%, 90,64% cho cac cam xtc binh thuong, tac, vui va budn.
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Tap tham sd dic trung
Hinh 3.8 Ty Ié nhdn dang diing trung binh ciia bon cam xUc ing Véi 6 tap tham s
choTl
Khi sir dung tap tham s prm87 va M = 4096, ty & nhan nham giira cac cam xuc
la thap nhat. Ma tran nham Ian nhan dang ddi véi cac cam xac duoc thong ké trong
Bang 3.2.

Bang 3.2 Ma trdn nham lan nhdn dang cac cam xuc véi T1

M=4096 Vui Buon Tc Binh thwong
Vui 100 0 1 0
Buén 0 100 0 0,72
T 3,15 0,57 99,86 0
Binh thwong 0 0,43 0 100
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Bang 3.2 cho thay, ty 1& nhan dang dang trung binh caa bdn cam xac la 99,97%,
trong d6 cac cam xdc vui, budn, binh thudng déu dat 100% con cam x(c tac dat
99,86%. Ty 1¢ nhan dang nham I4n tir cam xuc tic sang vui chi 1a 3,15%. Con lai,
giita cac cap cam xuc khac déu cé ty 1é nhan nham nho hon hoic bang 1%.
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Tap tham sd dic trung

Hinh 3.9 Ty Ié nhdn dang diing trung binh ciia bon cam XUc ing Véi 6 tap tham s
cho T2

Hinh 3.9 thong ké ty 1¢ nhan dang dung trung binh ctia bon cam x(c tng véi cac
tap tham sé cho tap ngit liéu T2. Két qua cho thay, cam xac vui cho ty 1é nhan dang
dang thip hon so v&i ba cam xac con lai khi dung cac tap tham sé6 MFCC,
MFCC+Deltal, MFCC+Deltal2, prm60, prm79. Tuy nhién, ty I¢ nhan dang dung
trung binh vai cam xac nay lai bién thién ting manh hon so véi 3 cam xac con lai khi
dung tap tham s6 prm87. Véi tap tham s6 prm87, cam xuc budn co ty 1é nhan dang
dang thap nhat so vai ba cam xac con lai. Ty 18 nhan dang dung cho cac cam xuc tic
va binh thudng ting cao khi dung tap tham sé prm79 va prm87. Ty I¢ nhan dang dung
nhan dugc khi st dung prm87 1an lan luot 13 98,82% (vui), 97,24% (binh thudng),
94,97% (tirc) va 86,88% (buon).

Bang 3.3 Ma trdn nham lan nhdn dang cac cam xuc véi T2

M=128 Vui Buén Tac | Binh thuong
Vui 97,98 0 0,29 0
Buén 0 93,83 0 3,01
Tic 0 0,85 85,09 0
Binh thwong 0 0,86 0 95,11

Ciing trong thir nghiém nay, néu dung tap tham s prm87 va M = 128 thi ty Ié
nhan dang nham 1an gita cac cam xuc s& thap nhat. Ma tran nham lan nhan dang doi
véi cam xuc duogc théng ké trong Bang 3.3. Ty 16 nhan dang ding cao nhat 1 97,98%
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cho cam xuc vui, con thap nhét 12 85,09% cho cam xdc tic. Ty 16 nhan dang nham tir
cam xuc budn sang binh thudng la cao nhat va bang 3,01%. Cac trudng hop nhan
nham con lai déu co ty 1é nham nho hon 1%. Tinh trung binh, ty 1& nhan dang dung
cua 4 cam xuc 1a 93% con ty 18 nhan nham 12 0,42%.

Hinh 3.10 14 ty & nhan dang dtng cho tirng cam xuc ddi véi T3. Ty 1é nhan dang
cao nhat khi st dung tap tham s prm87 ddi véi cam xdc vui 1 91,15%, tic 12 91,98%,
binh thudng 12 95,52% va budn 14 68,13%

—e— VUi - = - Buén —4— Tiic - -® - Binh thudng
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MFCC MFCC%D MFCCH) p’b?60 p’Th79 13171)87
e][a] e][a]2

Tap tham sb dic trung

Hinh 3.10 Ty Ié nhdn dang diing trung binh ciia bon cam xuc i#ng véi 6 tap tham so
voi T3
Ty 18 nhan dang nham tir cam xGc binh thudng sang cam xac budn la 23,42% va
la ty Ié cao nhat. Ty 1¢ nhan dang dung trung binh ciia 4 cam xdc d6i vai T3 12 80,54%
con trung binh ty 18 nhan dang nham 1a 2,7%. Ma tran nham 13n nhan dang déi voi
cac cam xuc duoc théng ké trong Bang 3.4 khi st dung tap tham s prm87 tng voi
M = 256.

Bang 3.4 Ma trdn nham lan nhdn dang cac cam xuc véi T3

M=256 Vui Buon Tac | Binh thwong
Vui 89,6 0 0,28 0
Buon 0 63,71 3 0,29
Tirc 5,49 0 79,19 0
Binh thwong 0 23,42 0 89,66

Hinh 3.11 la ty I¢ nhan dang dang cho tirng cam xuc. Ty Ié nhan dang dang cua
cam xac tac 1a tot nhat cho tat ca cac bo tham sé. Tiép theo, ty & nhan dang ding
giam xuéng theo cac cam xuc lan luot 13 budn, vui va binh thudng. Nhin chung, ty 16
nhan dang dung cac cam xuc bién thién it khi dung cac tap tham s6 MFCC,
MFCC+Deltal, MFCC+Deltal2, prm60 va prm79: vui (52,60% - 62,52%), budn
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(58,96% - 67,61%), tirc (74,21% - 87,44%), binh thwong (40,55% - 45,09%). Tuy
nhién, khi st dung tap tham sé prm87, ty & nhan dang dung cac cam xuc déu ting
cao: vui (97,17%), tic (98,15%), binh thudng (97,08%), trir cam xac budn giam
xubng (64,33%) so véi ba cam xac con lai.
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Hinh 3.11 Ty Ié nhdn dang diing trung binh ciia bon cam xuc i#ng véi 6 tap tham so
voi T4
Ty 18 nhan dang nham cac cam xac la thap nhat khi dung tap tham sé prm87 véi
M = 16. Ma tran nham 1an nhan dang d4i véi cac cam xuc duoc duoc thong ké trong
Bang 3.5.

Bang 3.5 Ma trdn nham lan nhdn dang cac cam xuc véi T4

M=16 Vui Buén Tuc Binh thwong
Vui 97,43 0 0 0
Buén 0 48,01 0 0
Tic 1,14 0 97,44 0
Binh thwong 0 25,43 0 94,8

Tir Bang 3.5 ¢6 thé thay, ty Ié nhan dang dung cao nhat dat 97,44% cho cam xdc
tac, thap nhat dat 48,01% cho cam xdc budn. Ty 1é nhan nham tir cam x(c binh
thuong sang budn la cao nhat va bang 25,43% con ty 16 nhan nham tir cam xac tac
sang vui chi bang 1,14%. Cac cap cam xac khac o ty 1é nhan nham bang 0%. Ty 18
nhan dang dung trung binh cua 4 cam xUc 1a 84,42%, ty 1é nhan nham trung binh 1a
2,21%.

3.3.1.3 So sénh két qua cda 6 thdr nghiém

Két qua nhan dang dung trung binh cua 4 tap ngir lidu twong Gng vai 6 tap tham
s6 caa 6 thir nghiém duoc trinh bay trén Hinh 3.12.
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Hinh 3.12 cho thiy, ty I& nhan dang dang trung binh cua cac cam xuac ddi véi T1
c6 két qua cao nhat va bang 89,21%, tiép dén la tap ngit liéu T2 bang 82,27%, vai tap
ngir liéu T3 la 70,35% con tap ngit liu T4 14 66,99%. Diéu nay la phu hop vi trong
thir nghiém véi T1, giai doan huan luyén va nhan dang déu ¢6 chung ngudi néi, noi
dung néi gidng nhau song khac nhau & thoi diém phat am. Vi vay, thong thuong ty 16
nhan dang s& dat cao nhat. Dbi voi T4 1a tap ngit liéu doc 1ap ca nguoi noi va noi
dung, giai doan huan luyén va nhan dang c6 ngudi noi, ndi dung ndi hoan toan khac
nhau nén ty & nhan dang trung binh cho T4 la thap nhat.
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Tap tham sé dic trung

Hinh 3.12 Ty I¢ nhdn dang dung trung binh cam xuc cua 4 tap ngir liéu trong 6 thi nghiém

3.3.2 The nghiém 7 dén Thir nghiém 10

Céc thu nghiém nay thuc hién nhan dang cam xuc sir dung MFCC va céac dac trung
lién quan dén MFCC két hop Vvoéi cac dic trung phd dé xem xét anh hudng cua dic
trung phd dén nhan dang cam xdc. Céc thir nghiém trong phan nay dugc thyuc hién
v6i tap ngir lieu T1. Cac tap tham s6 bao géom: FeaSpec, MFCC+FeaSpec,
MFCC+Deltal+FeaSpec, MFCC+Deltal2+FeaSpec. Dé so sanh két qua nhan dang
ctia c4c tap tham sé vira néu nay vai cac tap tham sé chi sir dung MFCC va cac dac
trung lién quan dén MFCC, & day ciing 14y lai két qua nhan dang st dung MFCC va
c4c tham s lién quan dén MFCC da duoc trinh bay & muc 3.3.1.

Hinh 3.13 d4 trinh bay két qua nhan dang cua 7 tap tham s khac nhau. Bay tap
tham s6 nay bao gom: MFCC, MFCC+Deltal, MFCC+Deltal2, FeaSpec,
MFCC+FeaSpec, MFCC+Deltal+FeaSpec, MFCC+Deltal2+FeaSpec va c6 thé
chia thanh 2 nhém (Nhom 1: chi sir dung céc tham s6 lién quan dén MFCC hoic chi
dic trung phd, Nhom 2: Két hop cac tham sé lién quan dén MFCC va cac dic trung
phd).
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Két qua dat dugc cia Nhom 1 nhu sau. B4i véi truong hop chi sir dung MFCC, ty
16 nhan dang chinh x4c dat dwoc trong khoang 73,1% - 90,44%. Khi két hop
MFCC+Deltal, ty 1é nhan dang chinh xac tang 1én va trong khoang 76,72% - 93,8%.
Vi treong hop dung MFCC+Deltal2, ty I¢ nhan dang chinh xac trong khoang
75,68% - 91,26%. Néu chi dung cac tham sé dic trung phd (FeaSpec), ty 1&é nhan
dang s& thip hon va co gia tri tir 67,48% - 73,82%.
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Hinh 3.13 Ty I¢é nhdn dang sir dung MFCC va cdc ddc trung phé véi T1

Déi véi Nhom 2, ty 16 nhan dang chinh xac dat tir 76,68% - 89,97% khi sir dung
MFCC+FeaSpec. Ty Ié nay la tir 76,72% - 92,73% khi sir dung MFCC+Deltal+
FeaSpec va tu 77,51% - 91,87% khi sir dung MFCC+Deltal2+FeaSpec.

Hinh 3.14 ciing cho thay, nhin chung khi s6 thanh phan Gauss M ting, ty 1¢ nhan
dang ciing ting 1én. Vi gia tri cia M tir 16 dén 256, ty I¢ nhan dang dung trung binh
cia bon cam xiac dat dwoc khi st dung diy da bo tham sé6 gom
MFCC+Deltal2+FeaSpec noi chung déu cao hon so véi cac trudng hop khdng sir
dung day du bo tham sb nay. Con véi gia tri M tir 256 dén 8192, ty Ié nhan dang dung
trung binh bdn cam xuac khi sir dung MFCC+Deltal cao hon so vdi cac trudong hop
con lai.

Hinh 3.14 thong ké ty 1¢ nhan dang dung trung binh cho 7 tap tham sb da noi o trén.
Ty & nhan dang dang trung binh 14 thap nhat khi chi ding dic trung pho va bang 69,71%.
Ty Ié nhan dang dang trung binh dat cao nhat bang 88,03% khi dung MFCC+Deltal.
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Néu dung MFCC+Deltal2 thi ty 1¢ nhan dang 1a 87,16% va ty Ié nay ting 0,71% khi c6
két hop véi dic trung phd FeaSpec. Viéc két hop véi dic trung phd déu lam ting ty 16
nhan dang trong 2 truong hop MFCC+FeaSpec va MFCC+Deltal2+FeaSpec.
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Tap tham sd dic trung

Hinh 3.14 Ty I¢é nhdn dang ding trung binh cho 7 tdp tham so da néu véi T1.

3.3.3 Thr nghiém 11

Thir nghiém 11 ciing dwoc thuc hién nhan dang véi tap ngit liéu T1 nham xem xét
anh huong cua timg dic trung phd ddi véi nhan dang cam x(c tiéng Viét. Két qua
nhan dang khi két hop cac dic trung MFCC véi dic trung pho trén Hinh 3.14 & muc
3.3.2 cho thay két qua nhan dang cao nhat khi sir dung MFCC+Deltal. Do vay, Thi
nghiém 11 s& chi sir dung MFCC+Deltal két hop vai tirng dic trung phd dé xét rieng
anh huong caa mdi dic trung pho. Két qua nhan dang trong thir nghiém nay cho thay,
ty 16 nhan dang dang trung binh dat cao nhét Ia 88,61% ddi voi dic trung skewness
cho cac gia tri caa M tir 16 dén 8192. Ty I nhan dang dung trung binh thap nhat la
87,77% d6i véi dic trung harmonicity.
Hinh 3.15 la ty 18 nhan dang diing cao nhat va thap nhat twong tng véi dic trung phd
Va C4c gia tri khac nhau ciia s6 thanh phan Gauss M. Véi ting gia tri cua M, biéu do chi
biéu dién ty 1 nhan dang dung cao nhat va thap nhét twong tng véi dic trung pho.
Tur Hinh 3.15 ¢6 thé nhan xét:
e Dic trung kurtosis c6 bdn 1an xuat hién ty 18 nhan dang dting cao nhat ang voi
cac gia tri cia M=32, 128, 1024, 2048.

e Dic trung do léch chuan cua phd (standard deviation) c6 ba lan xuat hién ty 1&
nhan dang dang cao nhat tng véi cac gia tri cia M =16, 256, 4096,

e Dic trung skewness c6 hai 1an xuat hién ty I¢ nhan dang dtng cao nhat tng véi
cac giatricaa M = 64, 512.

94



e Dic trung momen trung tdm cta phd chi xuat hién mot 1an ¢ ty 1 nhan dang
cao nhét tng véi M = 8192.

e Dic trung d6 léch chuan cua LTAS (stddevi) khdng xuat hién trén biéu do,
nghia 1a ty 1& nhan dang cao nhat hoic thap nhét cho ting gia tri cua M khéng
thudc vé dic trung nay.
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Hinh 3.15 Ty Ié nhdn dang diing cao nhdt va thap nhdt twong ing véi déic trung phé
cho cdc gid tri cua M

C6 thé suy dién Iy do dé dic trung kurtosis ¢6 s6 1an xuat hién nhiéu nhat tng véi
ty 18 nhan dang dang cao nhat nhu sau. Ban chat cia dic trung kurtosis la danh gia
d6 nhon phan trung tdm cua phan b phd so véi phan b chuan. Trong khi 6, GMM
la md hinh gom t6 hop tuyén tinh cac phan bé chuan. Chinh vi vay, phuong thirc xac
dinh dic trung kurtosis kha twong dong véi phuong thirc mé hinh hoa cia GMM.
Bang 3.6 Ty I¢ nhan dang trung pz‘nh cua M khi két hgp MFCC+Deltal véi méi déc trung

phé cho cdc cam xuc doi voi T1

Ty I€ (%) nhan dang dang cho
Thi B tirng cam xac
twr Tham so Binh
' Vui Bubn | Tic n
thuwong
1 Harmonicity 88,41 90,43 89,41 85,20
2 Center of gravity 88,78 90,76 89,31 85,09
3 Standard deviation 88,73 90,26 90,30 85,86
4 Skewness 89,14 91,49 90,82 85,13

95



5 Kurtosis 88,80 91,12 90,37 86,26
6 Central spectral moment 88,44 90,99 89,70 84,89
7 Mean 89,17 91,10 89,11 84,67
8 Slope 88,74 91,06 88,87 85,53
9 Standard deviation of LTAS 88,48 90,46 90,13 85,65

Két qua danh gia anh hudng coa timg dic trung pho khi két hop mdi dic trung nay
v6i MFCC+Deltal duogc trinh bay & Bang 3.6. Bang 3.6 cho thdy, khi dic trung
kurtosis cia phd dugc két hop voi MFCC+Deltal, ty 1& nhan dang trung binh cao
nhat d6i vai cam xiac vui la 88,80% va cam xuc binh thudng 12 86,26%. Khi két hop
MFCC+Deltal véi dic trung skewness, ca cam xac budn va cam xac tic gian déu
cho ty & nhan dang trung binh cao nhét lan luot 14 91,49% va 90,82%.

Nhu d3 trinh bay trong Chuong 2, phuong phap thong ké ANOVA va kiém dinh
T da duoc st dung dé danh gia va két qua cho thy cac tham sé dic trung phd déu
cho kha nang phan biét 4 cam xtc khac nhau cua tiéng Viét noi. Piéu nay ciing duoc
thé hién thong qua két qua nhan dang cac cam xuc dya trén md hinh GMM trong d6
cac tham sb ciia mé hinh 1a MFCC két hop véi cac dic trung phd. Tét ca cac tham sb
dic trung pho khi két hop véi MFCC+Deltal déu cho ty Ié nhan dang tuong d6i
ngang nhau véi tirng cam xac. Ty 18 nhan dang dtng trén 90% d6i véi cam xac budn
va trén 84% vai cac cam xac con lai.

Trong sb cac dic trung phd harmonicity, centre of gravity, standard deviation,
skewness, kurtosis, mean, slope va standard deviation of LTA, dac trung kurtosis cua
phd to ra c6 anh hudng quan trong hon dén ty 1 nhan dang dung cac cam xuac. Doi
véi 2 cam xac budn va tire, dic trung skewness cho ty 1& nhan dang dung cao hon ca.
Ty 1é nhan dang ding cling cao hon d6i véi 2 cam xac vui va binh thuong khi st
dung dic trung kurtosis. Két qua thir nghiém ciing cho thay viéc lya chon sb thanh
phan Gauss M cho mé hinh GMM can phai duoc can nhac dwa trén bo tham sé dic
trung ctia md hinh va yéu cau cu thé cua bai toan nhan dang cam xuc.

3.3.4 Thr nghiém 12

Trong phan nay, luan an da nghién ctu va danh gia viéc nhan dang cam xuac sir
dung tap tham s6 prm60 két hop vai tan sb co ban va cac bién thé cua né. C6 3 truong
hop da dugc tién hanh bao gom: chi dung prm60, prm60+F0 va prm60+F0+bién thé
FO. Cac truong hop nay duoc thuc hién véi ca bén tap ngit liu T1, T2, T3 va T4.

Déi vai tap ngit lieu T1, két qua nhan dang duoc trinh bay trén Hinh 3.16. Khi s
dung tap tham s6 pm60+F0+8 bién thé cua FO, ty 1¢ nhan dang cao hon han so véi
chi dung prm60 hoac prm60+FO0.

D6 chinh xac nhan dang st dung tap tham sé pm60+F0+8 bién thé cua FO da dat
trung binh tir 96,49% dén 99,93%. Néu chi dung prm60+F0, ty I nay ting it va gan
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nhu x4p xi bang ty 1& cua prm60. Piéu nay cho thiy, cac bién thé cua FO c6 anh

huong rat Ién dén ty 16 nhan dang cam xc tiéng Viét va da cai thién dang ké ty 16

nhan dang ddi véi truong hop ngir liéu phu thudc ca ngudi ndi va ndi dung.
——prm60  ---#--- prm60+F0  —a— prm60+F0+bién thé FO
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Hinh 3.16 Ty I¢ nhan dang diing trung binh khi két hop prm60-+F0-+céc bién thé cua FO
doivoi Tl
Déi véi tap ngir liéu T2, Hinh 3.17 thay ring ty 1é nhan dang khi sir dung FO va
c4c bién thé cua FO cao hon han so vai chi dung prm60, do chinh xac trung binh tix
91,83% - 98,82%. Khi sir dung prm60, ty I nay 1a 72,86% - 81,36%. Két qua vai T2
cling khang dinh FO va cac bién thé cua FO c6 anh hudng rat 16n, cai thién dang ké
ty 1é nhan dang cam x(c tiéng Viét.
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Hinh 3.17 Ty Ié nhdn dang ding trung binh khi két hop prm60+FO0+cac bién thé cua FO
doivoi T2
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Hinh 3.18 1a két qua nhan dang di véi tap ngit liéu T3, khi thém FO va bién thé
FO, ty 18 nhan dang ciing tang 1én dang ké. Ty Ié nhan dang cao nhat dat duoc l1a
94,39% khi str dung prm60+F0 va M = 16.

—e—prm60  ---#---prm60+F0  —+— prm60+F0+bién thé FO
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Hinh 3.18 Ty I¢ nhdn dang diing trung binh khi két hop prm60+F0+cac bién thé cia FO
doivoi T3
Hinh 3.19 Ia két qua thir nghiém nhan dang ddi véi tap ngit liéu T4. Thir nghiém
két hop prm60 véi FO va bién thé caa FO ciing cho ty 1é nhan dang cao hon hin so
véi chi sir dung prm60. Ty Ié nhan dang cao nhat dat 94,95% d6i véi prm60+F0+bién
thé FO. Néu chi sir dung prm60, ty 1é nhan dang dat duoc chi tir 52,69% - 64,99%.
Diéu nay cho thay FO va bién thé cua FO c6 vai trd quan trong dbi vai phan biét céc
cam x(c tiéng Viét.
—e—prm60  --#---prm60+F0 —4— prm60+F0+bién thé FO
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Hinh 3.19 Ty I¢ nhdn dang diing trung binh khi két hop prm60+F0+cac bién thé cia FO
doi véi T4
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Két qua nhan dang dang trung binh ddi véi 4 tap ngir liéu khi sir dung két hop tap
tham sé prm60 véi FO va bién thé FO dugc thdng ké trong Bang 3.7.

Bang 3.7 Ty I¢ nhan dang diing trung binh doi véi 4 tap ngit liéu khi két hop prmé0 véi FO
va bién thé FO

A Ty 1€ nhan dang (%)
Tap ngir lieu -
prme0 prm60+FO0 prm60+F0+biéen thée FO
T1 87,80 87,15 98,86
T2 78,30 95,73 96,76
T3 67,37 83,12 86,14
T4 60,27 86,64 91,05

3.3.5 Thr nghiém 13

Thir nghiém 13 str dung tap tham sé gom prm79 két hop véi mot trong 8 bién thé
FO0 nham xem xét anh huéng caa mdi bién thé nay véi tirng cam xuc. C6 8 tap tham sd
duoc danh sb tir S1 dén S8 véi s6 lwong twong g cac tham sé dugc trinh bay trong
Bang 3.8. Céc két qua nhan dang ddi véi vai 8 tap tham sé nay duoc so sanh véi két
qua nhan dang chi st dung prm79 trong Thir nghiém 5 da trinh bay ¢ muc 3.3.1.

Bang 3.8 Tdp tham so prm79 két hop véi mét trong 8 bién thé ciia FO

Tap

tham C4c tham sb Ghi chu S6 lwong
)
S1 | prm79+dF0 prm79 + dao ham cua FO 80

prm79 + chuan hoa FO0 theo
gié tri trung binh cua FO
prm79 + chuan hoa F0 theo
gia tri max FO va min FO
prm79 + chuan hoa FO0 theo
S4 | prm79+FONormAverStd gia tri trung binh va do léch 80
chuan caa FO

prm79 + dao ham cua
logFO0

prm79 + chuan hoa
S6 | prm79+LogFONormMinMax | logFO0 theo gia tri min cua 80
logF0 va max cua logFO0
prm79 + chuan héa logFo0
S7 | prm79+LogFONormAver theo gia tri trung binh cua 80
logFO0

prm79 + chuan héa logFo0
S8 | prm79+LogFONormAverStd | theo trung binh va d6 léch 80
chuan caa logFo

S2 | prm79+FONormAver 80

S3 | prm79+FONormMinMax 80

S5 | prm79+dLogF0 80

99



Hinh 3.20 1a két qua xét anh huong cua céc tap tham sé tir S1 dén S8 ddi véi cac
cam xdc trong d6 thdng ké ty 1& nhan dang dung trung binh khi két hop tap tham sb
prm79 vai ting bién thé cua FO cho T1. Két qua cho thay, khi mét trong 8 bién thé
FO0 duoc thém vao tap tham s6 prm79 thi ty 1é nhan dang cho céc cam xuc dugc ting
1én dang ké (trén 90%), dic biét 1a 3 cam xtc: binh thudng, tic va vui.

—e— VUi - = - Budn —&— Ttc - -* - Binh thuong
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Hinh 3.20 Ty I¢ nhdn dang diing trung binh cua cac cam xdc cho tung tdp tham 6
doivoi Tl
Cam xtc binh thuong ludn cho ty Ié cao hon ba cam xdc con lai va dat xap xi 100%
Vvé6i cing tap tham sé tir S1 dén S8. Néu xét ty Ié nhan dang ddi vai mdi cam xuc thi
ca 8 bién thé F0O déu cho ty I& nhan dang 6n dinh trén tap T1 va cao hon ty I& nhan
dang chi dung prm79.
Tir Hinh 3.21 ¢6 thé thay, d6i véi T2 cam xGc vui ¢6 ty 1é nhan dang dung cao
nhat, cam xuc budn c6 ty & nhan dang thap nhat. Anh huéng cua céc tap tham sb xét
trén tirng cam xUc ciing twong ddi 6n dinh va cao hon han so vai chi ding prm79.
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Hinh 3.21 Ty I¢ nhdn dang dung trung binh cua cac cam xtc cho ting tap tham 6
doivoi T2
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Hinh 3.22 la két qua thdng ké ty 1& nhan dang cam xac véi tirng cam xac cho tap
ngit liu T3. Két qua nhan dang d6i vai cam xuc budn khi st dung tap tham sé tir S1
dén S8 thap hon so vai két qua nhan dang st dung prm79. Cam xGc vui 6 ty 18 nhan
dang 6n dinh hon khi sir dung cac bién thé khac nhau cua F0. Véi ba cam xdc budn,
tirc va binh thudng, tap tham s6 S3 (prm79+FONormMinMax) ¢6 anh hudng it hon
S0 VGi c4c tap tham sb con lai.
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Hinh 3.22 Ty I¢ nhdn dang diing trung binh cua cac cam xdc #ng cho ting tdp tham s6
doivoi T3
Dbi vai T4, khi thém mot trong 8 bién thé FO, két qua nhan dang caa ba cam x(c:
VUi, tirc va binh thudng dat ty 18 cao hon so véi prm79 (Hinh 3.23). Dic biét ddi véi
cam xuc binh thuong, ty I¢ nhan dang da tang vot tir (nho hon 50%) 1én (trén 90%).
Déi vai cam xuc vui va tac ty 18 nhan dang da dat xap xi 100%. Ty 1é nhan dang cua
c4c cam x(c ciing twrong doi 6n dinh khi sir dung cac tap tham so tir S1 dén S8.

—e— VUi - = -Budn —*— Tic - -* - Binh thudng
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Hinh 3.23 Ty I¢ nhdn dang dung trung binh cua cac cam xtc cho ting tap tham 6
doivoi T4
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Nhu vay, khi thém mot trong 8 bién thé cua FO vao tap tham sé prm79, ty 1& nhan
dang céc cam xUc hau nhu dugc nang 1én dang ké nhét 1a ddi véi cam xac vui, tic va
binh thuong. Riéng cam xuc budn giam nhe ddi véi tap ngir liéu T3 va T4.

Két qua nhan dang dung trung binh dbi vai 4 tap ngir liéu khi st dung két hop
prm79 véi tirng bién thé FO duoc thong ké trong Bang 3.9.

Bing 3.9 Ty I¢ nhdn dang dung trung bink déi véi 4 tap ngit liéu khi két hop prm79 vsi
teeng bien thé FO

Tap Tap tham so6
ngir
lieu | prm79 | S1 S2 S3 S4 S5 S6 S7 S8

T1 86,80 | 96,73 | 96,66 | 96,70 | 96,66 | 96,75 | 96,73 | 96,73 | 96,73
T2 81,18 | 94,50 | 93,92 | 94,21 | 94,46 | 94,41 | 94,45 | 94,07 | 94,42
T3 70,38 | 83,52 | 81,92 | 77,51 | 83,20 | 83,30 | 81,94 | 82,55 | 82,95
T4 65,39 | 88,25 | 88,37 | 88,11 | 88,20 | 88,07 | 88,79 | 88,31 | 88,22

3.4 Panh gia sw anh hwéng cua tan sé co ban

Cac nghién ctu thir nghiém da trinh bay ¢ muc 3.3 trén ddy cho thay, tan sé co
ban c6 tim anh huong rat Ion dén két qua nhan dang cac cam xuc tiéng Viét. Viéc bo
sung tham sé FO va bién thé ciia FO da cho ty 18 nhan dang ting 1én dang ké. Cu thé,
Tha nghiém 6 da thuc hién nhan dang cam xdc voi tap tham sé prm87 va cho thay,
khi cac tham sé lién quan truc tiép dén FO duoc thém vao, ty 1é nhan dang dbi véi
c4c tap ngit liéu déu ting cao so Vi viéc bd sung cac tham s lién quan truc tiép dén
pho. Két qua cua Tha nghiém 6 da duoc trinh bay trén Hinh 3.12 trong muc 3.3.1.3.
Ty I nhan dang trung binh ting manh nhat ddi voi T4 14 24,32%. Muc tang nho nhat
13 10,05% dbi v&i T1. Tuy nhién, su gia ting nho nhat trong truong hop nay van Ién
hon murc ting t6i da trong trudng hop bo sung dic trung phd (6.29% ddi véi T4).

Két qua trong Thir nghiém 12 ciing chi ra, ty 1& nhan dang tang 1én rat nhiéu doi
VGi ca 4 tap ngir lidu khi sir dung tap tham sé prm60+F0+bién thé FO so véi chi st
dung tap tham s prm60. Bac biét vai T4, néu chi dung prm60 thi ty 1& nhan dang dat
60,27% con khi dung prm60+FO0+bién thé FO ty 1¢é nhan dang dat 91,05%.

Céc két qua nhan dang d6i véi tirng cam xdc cho 4 tap ngit liéu duoc trinh bay
trong Thir nghiém 13 ciing cho két qua nhan dang tét khi két hop tap tham sé prm79
v6i mot trong 8 bién thé cua FO.

Néu chi xét riéng truong hop nhan dang voi sb thanh phan Gauss M = 512 va s
dung tirng bién thé FO két hop véi tap tham s6 prm79 nhu trinh bay trén Hinh 3.26 thi
cling c6 két qua tuong tu. Viéc iy gia tri M = 512 dugc dya trén cac két qua thu
nghiém d3 trinh bay & trén. Gié tri nay caa M c6 thé duogc coi 1a diém nam trong dai ty
16 nhan dang chuyén tir ting nhanh sang ty 1é nhan dang ting cham hon khi ting M.
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Hinh 3.24 Ty I¢ nhan dang trung binh ca 4 cam xdc theo tirng bién thé FO va prm79 cho
Cac tdap ngr liéu T1 den T4, voi M=512.

Hinh 3.24 ciing cho thay, anh huéng cua cac bién thé FO khong giéng nhau doi
v6i mai tap ngi lidu. V6i T1, cac bién thé FO (18), (19), (20), (22) va (23) da cho ty
1& nhan dang tang 1én téi da va dat 100%. Twong tu nhu vay, T1, T3 va T4 co ty 18
nhan dang cao nhat khi thém bién thé FO (23) va ty 1& nay lan luot 1a 100%, 87,42%
va 93,46%. Trong khi dé, bién thé FO (23) c6 anh huong it nhat dén T2 so véi céc
bién thé con lai. T2 c6 ty Ié nhan dang cao nhat va bang 96,56% d6i vai truong hop
thém bién thé FO (16). Tuong Gng véi T1, T2, T3, va T4, cac bién thé FO (17), (23),
(20), va (18) c6 hiéu suat thap nhat.

Su gia tang dang ké ty 1¢ nhan dang cam xdc tiéng Viét khi bo sung FO va cac bién
thé FO 12 hoan toan hop Iy vi tan s6 co ban dong mot vai trd rat quan trong trong ngén
ngit c6 thanh diéu nhu tiéng Viét va tan sé co ban ciing tham gia tich cuc vao biéu thi
cam xUc.

Trén day luan an da trinh bay cac két qua nhan dang bon cam xac co ban vui, budn,
tac va binh thuong véi bon truong hop tuy theo sy doc 1ap hay phuy thudc cia ngudi
noi va noi dung. Viéc nhan dang dua trén mé hinh GMM ciing duoc tién hanh véi
c4c tap tham sé khac nhau. Két qua cho thay, ty Ié nhan dang dung cao nhat khi ngir
lieu phu thudc nguoi noi va phu thudc noi dung. Ty 1é nhan dang dung la thap nhat
trong truong hop ngir liéu doc lap ca noi dung va ngudoi noi. Véi ngir ligu phu thuoc
ngudi n6i nhung doc 1ap vé noi dung va ngit liéu phu thudc ndi dung nhung doc lap
ngudi noi, ty 1é nhan dang dang nam & muc trung gian giita hai truong hop o ty 18
nhan dang dung cao nhét va thip nhat nay. Nhan dang phu thudc nguoi néi, doc 1ap
noi dung co ty 1& cao hon nhan dang doc lap ngudi noi, phu thudc noi dung. Vai tat
ca bon tap ngir lieu T1, T2, T3 va T4, tap tham sé prm87 ludn cho ty 1é nhan dang
cao hon ca. Diéu nay cho thay tan s6 co ban va cac bién thé cua no 1a nhing dic trung
cua tin hiéu tiéng Viét ndi c6 anh huong rat 16n, 1lam ting do chinh xac nhan dang
cam xuc tiéng Viét.
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3.5 Quan hé gitra sé thanh phan Gauss M va ty |é nhan dang

Trong muc nay, luan &n trinh bay méi quan hé gitta s6 thanh phan Gauss M va ty
Ié nhan dang cam xdc. Cac thir nghiém nhan dang cam xdc véi mé hinh GMM cho
thiy, ty 1& nhan dang thay dbi theo sb thanh phan Gauss duoc sir dung trong mé hinh.

B T4_Aver T3_Aver O T2_Aver B T1_Aver
90
85
80

Ty 1¢ (%) nhan dang ding

75
70 ; E: EE
{f i
“ 0 CHE L
eo ME I BE HE BE HE R . :
16 64 128 256 512 1024 204 409 8192
S6 thanh phan Gauss M

Hinh 3.25 Quan hé giia sé thanh phan Gauss M va ty I¢ nhan dang dung trung binh cua
Thue nghiém ter 1 den 6 voi 4 tap ngir liéu
Hinh 3.25 1a mdi quan hé gitra s6 thanh phan Gauss M va ty I¢ nhan dang trung
binh cua bdn tap ngix liéu T1, T2, T3, T4 trong cac Thir nghiém tir 1 dén 6. Hinh 3.25
cho thay, vai gia tri M thap (giita 16 va 512), ty Ié nhan dang ting dang ké, khi M
tang tir 512 1&n 8192, ty & nhan dang trung binh ting rat it.

1024, 87.52 2048, 88.26 =
: 4096, 88.93 8192, 89.56

512, 86.74

%
= 256, 85.59
S |# 128, 83.76
g

5 ¢ 64,81.71

co

— & 32,78.69
2 @ 16, 75.06

SO thanh phan Gauss M

Hinh 3.26 Quan hé giira s6 thanh phdn Gauss M va ty I¢ nhan dang dung trung binh cac
Thet nghigm ter 1 den 3 va tur 7 den 10 voi T1.
Hinh 3.26 1a méi quan hé gitta s6 thanh phan Gauss M va ty 1& nhan dang dung
trung binh cac Thir nghiém tir 1 dén 3 va tir 7 d@én 10 véi Tlciing cho két qua twrong
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tu. Voi gia tri M thay d6i tir 16 dén 256, ty Ié nhan dang dung trung binh ting 10,53%
nhung khi M tang tir 512 dén 8192, ty I¢ nhan dang dung trung binh ting chi 2,82%.

Nhu vay, c6 thé thay rang, khi M ting du 16n (khoang trén 512), mé hinh GMM
hau nhu da dat t6i mac xap xi viéc md hinh héa cac cam xdc nén ty & nhan dang
dung trung binh ting theo dang bdo hoa khi ting M. Viéc xac dinh téi wu cac thanh
phan Gauss M la quan trong nhung d6 ciing lai 12 bai toan kho [6]. M cang ting thi
thoi gian tinh toan ciing tang theo. Tuy tirng b tham sé dua vao nhan dang ma gia tri
t6i wu cia M can dugc lua chon thich hop theo thoi gian tinh toan can thiét va do
chinh x&c nhan dang theo yéu cau.

3.6 Két chwong 3

Chuong 3 cua luan an da trinh bay cac két qua nghién ctu vé nhan dang cam xac
tiéng Viét noi dya trén cac md hinh nhan dang GMM cung véi c4c tap tham sb dac
trung khac nhau.

Tur két qua nhan dang cé thé thay rang, GMM 1a mot mé hinh kha thich hop cho
nhan dang cam x(c tiéng Viét. Ty 1é nhan dang véi tap ngit liéu cam xuc tiéng Viét
phu thudc ca ngudi ndi va noi dung dat téi 99,97% khi sir dung tap tham s prm87.
Déi vai ngir liéu doc 1ap ca nguoi ndi va noi dung, ty 1& nhan dang dat 97,58% khi sir
dung tap tham s6 prm79 két hop véi bién thé LogFONormMinMax cua FO. Két qua
nhan dang vai cam xic budn ludn thap hon ba cam xdc con lai. Cap cam xUc hay
nham Ian vé&i nhau 12 budn-binh thuong va vui-tic. V6i nhitng két qua nhan dang da
dugc phan tich va danh gia trong chuong nay, luan an dé xuat mot mo hinh tét dé
nhan dang cam xuc tiéng Viét véi GMM la can phai két hop MFCC, cac dic trung
phd va dac biét 1a tan sé co ban FO va bién thé cua FO.

Tiép theo trong chuong 4 s& trinh bay vé nhan dang cam xdc tiéng Viét noi sir dung
mo hinh DCNN sau. Pay la mot ky thuat nhan dang méi dugc str dung trong nhirng
nam gan day va da mang lai hiéu qua tét khi khai thac mang noron hoc sau.

Céc két qua nghién ctu chinh cia chuong 3 da duoc cong b trong céac bai bao s6
1, 3, 6, 7 trong danh muc cac cdng trinh nghién ctru cua luan an:

1. Nghién cizu va thir nghiém nhdn dang phwong ngir tieng Viét, Tap chi Khoa hoc

va Cong nghé, PHSPKT Hung Yén, sb 4, ISSN 2354-0575, trang 96-101.

3. Cam xUc trong tiéng noi va phan tich thong ké nga liéu cam xuc tieng Viét,
Chuyén san Cac cong trinh Nghién ciru, Phat trién va Ung dung Cong nghé
Thong tin, Tap chi Buu chinh Vién théng, tap V-1, s6 15 (35), trang 86-98.

6. Anh hirong ciia déic trung phé tin hiéu tiéng néi @én nhan dang cam xuc tiéng
Viét, Ky yéu Hoi nghi khoa hoc cong nghé qudc gia lan thir X, Nghién ciru co
ban va tng dung cong nghé thong tin, Pa Nang, trang 36-43.

7. GMM for emotion recognition of Vietnamese, Journal of Computer Science and
Cybernetics, V.33, N.3, pp.229-246.
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Chwong 4. NHAN DANG CAM XUC TIENG VIET NOI St
DUNG MO HINH DCNN

Chuong 3 d trinh bay cac nghién cru nhan dang cam x(c tiéng Viét theo md hinh
GMM. Véi GMM, day 1a m6 hinh mang tinh truyén théng khong tén nhiéu thoi gian
dé huan luyén va nhan dang va chi can xac dinh mé hinh theo b¢ ba tham sé (cac
vécto ky vong, cac ma tran hiép phwong sai va cac trong s6 cho M thanh phan). Trong
khi d6, voi mang noron néi chung, kién tr(ic mang noron rat phong phi nén kha ning
khai thac md hinh mang noron cho cac wng dung la rat 16n.

Trong sb cac mang noron, Convolutional Neural Network (CNN — Mang noron
ldy chap) 12 mot trong nhitng mo hinh Deep Learning tién tién gitp xay dung duoc
nhitng hé thong thdng minh véi do chinh xac cao hién nay nhu hé thdng Ion xu ly
anh Facebook, Google hay Amazon da dua vao san pham ciia minh nhiing chic ning
théng minh nhan dién khudn mat ngudi ding, phét trién xe hoi tu 14i hay may giao
hang tu dong... CNN duoc sir dung nhiéu trong cac bai toan nhan dang cac dbi tuong
trong anh. Chuong nay trinh bay cac két qua thir nghiém nhan dang cam xuc tiéng
Viét sir dung mé hinh DCNN.

4.1 M6 hinh mang noron lay chap

Mang noron lay chap CNN la mét trong nhitng thuat toan hoc sau cho két qua tot
nhét hién nay trong hau hét cac bai toan vé thi giac may nhu phéan 16p, nhan dang. Pa
¢ nhiéu cong trinh nghién ciu tng dung moé hinh CNN trong nhiéu linh vyuc khac
nhau nhu nhan dang hinh anh [195], xu Iy tin hiéu tiéng noi [196], nhan dang cam
xuc theo guong mit [197], nhan dang ngudi noi [198], nhan dang cam xac tiéng noi
[199], [200], [201], [202], [203], [204], [205], [206] ciing nhu trong nhiéu nhiém vu
phén tich di li¢u lon [207], [208].

Trong [209], c4c tac gia da sir dung DCNN 3 16p dé nhan dang 7 cam xdc caa ngi
lieu tiéng Pc: vui, budn, tirc, so hai, ghé tom, chan nan, binh thuong. Két qua nhan
dang dang trung binh cac cam xdc dat 56,38%.

Vé co ban CNN la mot kiéu mang ANN truyén thang, trong d6 kién triic chinh
gom nhiéu thanh phan dugc ghép ndi véi nhau theo cau tric nhiéu taing bao gom: lay
chap (Convolution), lay gop (Pooling), kich hoat phi tuyén (Non-linear activation) va
két ndi day du (Fully-connected).

4.1.1 L4y chap

L4y chap 1 thao tac dau tién quan trong nhat trong cau tric cta mang hoc sau
CNN. Phép lay chap dua trén ly thuyét xir ly tin hiéu s6, thuc hién cac xir ly vé mat
toan hoc tinh lay chap dé gidp trich xuat dwoc nhitng thong tin quan trong tir dir liéu.
Pau vao cua phép lay chap la mot mang céc gia tri cua dit liéu. Chang han, trong phan
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loai anh, dau vao 1a mét anh duoc biéu dién bang mang 32x32x3 cac gia tri pixel
(mdi phan tir cia mang c6 gié tri trong khoang tir 0 dén 255 biéu dién cudng do séang
cua pixel tai mot diém).

Dé thuc hién lay chap, mot bo loc (filter) con goi 1a kernel duoc di chuyén qua cac
vi tri trén toan bo ma tran anh. Bo loc ndy thuc chat 1a mot cira s6 ¢6 kich thudc n x n
(ki hiéu F = n) chtra c4c sb (cac sé nay chinh 1a trong sb hay tham sd). Kich thuéc
cua bo loc thuong 1a nho (chang han 3x3 hoic 16n nhét 1a 5x5). Bo loc s& di chuyén
tir trai qua phai, tir trén xudng dudi véi bude dich chuyén S = 1 cho ca hai chiéu, vi
tri dau tién cua bo loc 1a goc trén bén trai. Thao tac lay chap duoc thuc hién tai cac vi
tri ma bo loc di qua. Y nghia cua thao tac lay chap la xac dinh kha ning xuat hién céc
mAu tai c&c vi tri nhat dinh trong anh. M&i mau dugc biéu dién bang trong sb cua cira
s6 tuong (g vai mot bo loc. Mbi vi tri cua bo loc sé tinh duoc mot gia tri theo cong
thac:

Trong cong thic (4.1), x; bao géom cac diém anh phd nam trong pham vi cia 6
dang quét, gia sir kich thudc bo loc 5x5 s& ¢6 25 diém anh phd duoc quét. Sb gia tri
phai quét nam tai cung vi tri cho tat ca cac thanh phan, do vay s& c6 Kx5x5 gia tri x;
va w; tuong (tng. Ngoai ra, con thém mot hé sé do léch b trong cong thic nay. Do
vay, s6 tham sé can thiét cho thao tac lay chap bao gom w; va b 1a Kx5x5+1 tham
s6. Gia thiét dung M bo loc, sb luong tham sb s& 1a Mx(Kx5x5+1) tham sb.

Sau khi truot bo loc qua tat ca céc vi tri va lay chap s& dugc mot mang vai mdi gia
tri 1a cac s6 duoc tinh bang cach lay chap theo cong thic trén. Bi véi vi du mang
dau vao cua anh ¢ trén ta duoc mang 28x28x1 cé4c gié tri. Mang nay duoc goi 1a anh
xa kich hoat (activation map) hay &nh xa dac trung (feature map). Ly do c6 mang
28x28 vi ¢ 784 vj tri khac nhau dé bo loc 5x5 ¢6 thé khép trén anh 32x32, 784 gia
tri ndy duoc anh xa thanh mang 28x28. Hinh 4.1 mé ta budéc lay chap cho vi du anh
dau vao cd kich thudc 32x32, dau ra la anh xa dic trung c6 kich thudc 28x28.

S6 noron dau vao 32x32 S6 noron I&p an thir nhat 28x28

—— Tl

Bo loc 00 TaTaTalein30ivm smiermamas et oY aTale
ExE Pl 88832_—“ e S R ——)

Q00 QO imr e I TSt
00000 oI

Hinh 4.1 M6 ta buéc ldy chdp dung bé loc kich thuéc 5%5
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Hinh 4.2 md ta liy chap trén mot phan anh dau vao véi mang gia tri c6 kich thude
8x8. Bo loc dich chuyén 5x5 s& di chuyén qua toan bd phan anh va thao tac 1y chap
dugc &p dung cho 25 ndt trén cira s6 bo loc. Gia thiét ma tran trong sb caa bo loc co
c4c gid tri déu 12 0,5. Két qua thu duoc ¢ dau ra 1a mot mang anh xa dic trung c6 kich
thuge 4x4. Vi mdi 6 vudng mau lam va mau luc twong trung cho cira s6 bo loc s&
duoc tinh toan (Iiy chap) cho ra mét gia tri twong tng & dau ra. Budc truot s& kiém
soat bo loc lay chap khap anh vao. Mic dinh, mdi lan bé loc s& dich chuyén di mét
don vi. S6 lwong don vi ma b loc dich di dugc goi 1a budc truot (stride).

71916 ,413]8]|0

3/716|/8]9]|2 Mang gia tri dau ra 4x4

213|104 |116)3 |4
0|5 |4 |3 |22t 22—
> >45 | 50 | 475 | 445
4)13|6|8|4|3|9]3
/54,5 58 | 51 | 46,5
3143 7|3 1 615 | 665| 61 | 54
1151 3/21816l1l0 > |60,5| 69 | 59 | 54,5
Convolutional
7
0
7

0,6 5|3 [9]|6/|3

Mang gi4 tri dau vao 8x8

Hinh 4.2 M6 ta chi tiét ldy chdp dung bé loc kich thwéc 5%5
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)
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Hinh 4.3 M6 ta buéc ldy chdp cia mang noron dimg bé loc kich thudc 5%5
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Thao tac lay chap trén Hinh 4.2 c6 thé duoc biéu dién minh hoa bang biéu dd mang
noron nhu Hinh 4.3. Céc gié tri dau vao va dau ra cia mang duoc biéu didn bang mot
nGt véi trong sé két ndi 1a 0,5. DI voi mang gié tri anh dau vao kich thudc 8x8 sé& ¢6
64 nUt vao (vVao1...vaoes) Va 16 nit ra (ras...rase). Vi tri thir nhat caa bo loc tng véi
mau lam, vi tri tha hai ang véi mau luc.

Chay rang, cac tham sb caa bo loc (trong s6) duoc giit nguyén khi bo loc di chuyén
qua anh dau vao. Diéu nay cho phép bo loc can dugc huan luyén nhan ra mot sé dic
trung trong dir liéu vao. B4i véi nhan dang anh, c6 thé hoc dé nhan biét cac hinh dang
nhu doan thang, canh va cac hinh dang phan biét khac. Vi thé buéc lay chap con duoc
goi 12 &nh xa dic trung. Tuy nhién, dé phan loai tét, & mdi tang 1y chap thuong can
nhiéu bo loc. Vi du, Hinh 4.4 sir dung 3 b6 loc c6 kich thudc 5x5 véi dau vao 1a anh
mau kich thuéc 32x32, dau ra caa ldy chap la anh xa dic trung xép chdng co kich
thudc 28x28%6.

Bo loc 5x5x3

Convolutional

»
>

%
- 6
3

Hinh 4.4 M6 ta buéc lay chdp cia mang noron dimg 3 bé loc kich thudc 5%5

R\

32

w

Str dung lay chap c6 nhirng uu diém sau:

+ Giam s6 lugng tham s6: G ANN truyén théng, cac noron & 19p trudc s& két noi
tGi tat ca cac noron & 16p sau (fully connected) gay nén tinh trang qua nhiéu tham
s6 can hoc. Pay 1a nguyén nhan chinh gy nén tinh trang quéa khép (overfiting)
cling nhu 1am ting thoi gian huan luyén. Viéc sir dung lay chap trong dé cho phép
chia sé trong sé lién két (shared weights), cling nhu thay vi sir dung két ndi day
du (fully connected) sé& sir dung truong tiép nhan cuc bo (local receptive fields)
gilip giam tham sé.

+ Céac tham sb trong qua trinh str dung lay chap hay gié tri cua céc filter - kernel s&
dugc hoc trong qué trinh huan luyén.
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4.1.2 Kich hoat phi tuyén

V& co ban, lay chap 1a mot phép bién d6i tuyén tinh. Néu tat ca cac noron duoc
t6ng hop bai cac phép bién di tuyén tinh thi mot mang noron déu cé thé dua vé dudi
dang mot ham tuyén tinh. Khi d6 mang ANN s& dwa cac bai toan vé hdi qui logistic
(logistic regression). Do d6, sau mdi 16p 13y chap, dau ra cua anh xa lay chap duoc
cho qua ham kich hoat phi tuyén.

Mot s6 ham kich hoat phi tuyén thuong dung nhu ReLU (Rectified Linear Unit),
ELU (Exponential Linear Unit) [210]. ReLU c6 ham kich hoat dang f(x) =
max (0, x) cho c&c gia tri vao. Vé co ban, ham nay s& thay ddi tt ca cac gia tri kich
hoat am thanh 0 va ting tinh phi tuyén caa mé hinh va toan mang ma khdng anh
huong t6i 16p 1ay chap. Ham ELU c¢6 dang nhu (4.2) vé6i « > 0:

f(x)={

Ham ReLU thyc hién tinh todn don gian hon ELU. Tuy nhién, c&c nghién ctru gan
day cho thay viéc st dung ham ELU cho hiéu suat tét hon.

X néux >0

o« (exp(x) —1) néux<0 (4.2)

4.1.3 Lay gop

Lay gop (pooling) hay con goi subsampling hoic downsampling 1a mét trong
nhitng thanh phan tinh toan chinh trong cu tric CNN. Xét vé mit toan hoc, lay gop
thuc chét 1a qua trinh tinh toan trén ma tran dau vao trong d6 muc tiéu dat duoc sau
khi tinh toan 1a giam kich thuéc ma tran nhung van 1am ndi bat 1én dugc dic trung
c6 trong ma tran dau vao.

Trong CNN, toan tir pooling duoc thuc hién doc 1ap trén moi kénh mau cua ma
tran anh dau vao. C6 nhiéu toan tir pooling nhu sum-pooling, max-pooling, L2-
pooling song max-pooling thudng duoc st dung. V& mit y nghia, max-pooling xac
dinh vi tri cho tin hiéu manh nhat khi 4p dung maot loai bo loc. Piéu nay ciing tuong
tu nhu 1 bo loc phét hién vi tri d6i tuong trong bai toan phét hién déi twong trong
anh. Nhin chung, b loc di chuyén thuong co kich thudc F = 2 va bude trugt S = 2
dugc dung phd bién. C6 it cac thiét 1ap st dung b loc di chuyén c6 kich thudc F = 3
va S = 2. Va hiém co thiét 1ap kich thuéc 16n hon 3. Do kich thudc b loc di chuyén
qua 16n cd thé s& dan dén mat mat mot sé thdng tin hitu ich, diéu nay lam cho hiéu
suat nhan dang kém di.

Hinh 4.5 1a vi du vé mang noron 1dy gop sir dung toan tar max-pooling (lay gop
cuc dai).

Hinh 4.5 a) 1a c4ch thuc pooling xu 1y d6i véi mot dau vao 1a két qua caa nhiéu bo
loc (k = 64), kich thudc ciia dau vao 1a 224x224x64 duoc thyc hien véi F = 2, S =
2, dau ra s& co kich thugc 112x112x64 . Hinh 4.5 b) md ta chi tiét cach thuc hoat
d6ng cua max-pooling trong d6 F = 2, S = 2 va két qua dau ra ma tran tuong Gng.
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Hinh 4.5 Vi du stz dung max-pooling

Padding (dém) la ky thuat thém cac pixel bén ngoai hinh anh. Vi CNN, thuong
dung zero padding nghia 13 cac gia tri pixel thém vao déu bang 0. Nén trong qué trinh
ldy gop, dé bao toan théng tin cho anh dau vao thuong sir dung padding véi gia tri
bang 0 dé khdng anh hudng dén qua trinh lay gop trén anh dau vao. Hinh 4.6 mo ta
cach thuc hién max-pooling vai zero padding va b6 loc F = 2 cho toan bo anh.

vao; ao, |vaos |ao, |vaos [pad;
> 1121060 [

Vaog a0z a0s |Vaog |vaoi [pad; 3 5 6

max-pooling rai_|raz | ras

3|o|1|2]4]0 R

Hinh 4.6 M6 ta cach thuc hién max-pooling véi zero padding

4.1.4 Két ndi day da

Két ndi day du 1a cach két ndi cac noron ¢ hai tAng véi nhau trong d6 tang sau két
ndi day du véi cac noron ¢ tang trude néd. Pay ciing 1a dang két ndi thuong thay ¢
ANN. Trong CNN, tang nay thuong dugc sir dung ¢ céc tang phia cudi caa kién tric
mang két ndi voi dau ra cia mang. L6p ndy co ban la liy thong tin dau vao (c6 thé 1a
dau ra cua l6p 1ay chap hoic kich hoat phi tuyén hoic 1y gop) con dau ra 1a vécto N
chiéu vai N 1a sé 16p can phan 16p.
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Nhu vay, CNN Ia thuat toan c6 kién tric bao gom nhiéu tang c6 chirc niang khac
nhau trong d6 tng chinh hoat dong thong qua co ché lay chap. Trong suét qua trinh
huan luyén, CNN s& tu dong hoc duoc cac thong sé cho cac bo loc twong tng 1a céc
dic trung theo ting cap do khéac nhau. Vi du trong bai toan phan 16p anh, CNN s& ¢
gang tim ra cac thdng s téi wu cho cac b loc trong wng theo thir tu diém anh — cac
canh — khu6n hinh — bo mat — cac dac trung muc cao (pixel — edges — shapes
— facial — high-level features). Pay chinh 13 Iy do ma CNN ¢ duoc két qua vuot
troi so vai cac thuat toan trude day.

4.2 Md hinh DCNN cho nhan dang cam xuc tiéng Viét

Tin hiéu tiéng néi déu c6 thé dugc biéu dién bang hinh anh phd mel dé lam anh
dau vao cho CNN. Vi vay, c6 thé st dung mé hinh CNN dé nhan dang cam xuc tiéng
noi ndi riéng va cho céc xir ly tin hiéu tiéng noi ndi chung.

Hinh 4.7 1a vi du vé pho mel cua tin hiéu tiéng néi 1am anh dau vao cho lép tha
nhét trong truong hop md hinh baseline.

(4492

lrequency (mel)

Time (s)

Hinh 4.7 Phé mel cua tin hiéu tiéng néi 1am anh dau vao cho 16p thiz nhdt trong trirong
hop md hinh baseline

Dé6i véi nhan dang cam xuc cua tiéng Viét duoc thuc hién trong luan an, cau hinh
day dii cia mang noron DCNN dé huan luyén dugc md ta nhu Bang 4.1 trong truong
hop mé hinh baseline va&i 260 tham s6. Bi vai md hinh ¢6 sé luong tham s6 16n hon
260, cau hinh mang c6 thé dé dang duoc suy dién theo cach tuong tu.

Déi véi 16p the nhat, anh dau vao 1a ma tran 260x260 (260 hé s6 phd Melx260
khung). S6 khung duoc chon 1a 260 ddi véi tat ca cac file dugc sir dung cho céc thir
nghiém véi d6 rong khung 13 25ms va do dich khung la 10ms. S khung dugc chon la
260 duya trén dung luong cac file c6 sé luong khung dao dong xung quanh gia tri nay.

Sau khi sir dung bd loc di chuyén 3x3 véi padding, s& cd 64 anh xa dic trung co
kich thudc 260%x260. Tinh toan tiép theo cua 16p nay la chuan héa theo 16 (batch
normalization), kich hoat phi tuyén ELU (Exponential Linear Unit) va max-pooling
Vi cira s6 2x2 va cudi cung 1a dropout vai hé s6 0,5. Thao tac lay chap duoc thuc
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hién tai cac vi tri ma bo loc di qua, mdi vi tri cua bd loc s& tinh dugc mot gia tri theo
cong thirc (4.1). Gia sir K 1a sb anh du vao, M 1a s anh xa dic trung thi s6 tham sb
can tinh cho thao tac lay chap 1a M x (K x kich thudc cira s6 loc +1).

D6i v6i mdi 16p, muc tiéu cia chuan hoa theo 16 1a dé dat duoc sy phan bé 6n dinh
c4c gia tri kich hoat trong subt qué trinh huan luyén va do d6 dem lai su ting toc dang
ké trong huan luyén [211]. ELU lam ting téc d6 hoc trong mang noron siu va nhu
thé s& giup do chinh xéac phan loai cao hon [210]. Ham max-pooling lam giam sé
lwong tham sé cia md hinh can phai tinh toan, tir 6 giam thoi gian tinh toan [212].
Cubi ciing, dropout duoc coi 1a mot cach dé tranh cac mang noron bi qua khép [213].

Bing 4.1 Cdu triic mang DCNN cho nhdn dgng cam x(c tiéng Viét trong
truong hop 260 tham so

Il_r?g:; Layer (type) Output Shape Param #
BatchNormalization (260, 260, 1) 1040
Convolution2D (3x3) (260, 260, 64) 640
BatchNormalization (260, 260, 64) 256

1 ELU (260, 260, 64) 0
MaxPooling2D (2%2) (130, 130, 64) 0
Dropout (0,5) (130, 130, 64) 0
Convolution2D(3x3) (130, 130, 128) 73856
BatchNormalization (130, 130, 128) 512

2 ELU (130, 130, 128) 0
MaxPooling2D(2x2) (65, 65, 128) 0
Dropout (0,5) (65, 65, 128) 0
Convolution2D(3x3) (65, 65, 128) 147584
BatchNormalization (65, 65, 128) 512

3 ELU (65, 65, 128) 0
MaxPooling2D(2x2) (32, 32, 128) 0
Dropout (0,5) (32, 32, 128) 0
Convolution2D(3%3) (32, 32, 128) 147584
BatchNormalization (32, 32, 128) 512

4 ELU (32, 32, 128) 0
MaxPooling2D(2x2) (10, 10, 128) 0
Dropout (0,5) (10, 10, 128) 0
Convolution2D(3%3) (10, 10, 64) 73792
BatchNormalization (10, 10, 64) 256

5 ELU (10, 10, 64) 0
MaxPooling2D(2x2) (2,2, 64) 0
Dropout (0,5) (2,2,64) 0
Flatten (256) 0
Dense (4) 1028
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Cac 16p 2, 3 va 4 thyuc hién cac thao tic twong tu: Lay chap sir dung bo loc di
chuyén kich thuéc 3x3 ¢ padding va dau ra cua cac 16p nay 1a 128 anh xa dic trung
V6i kich thuéc 1an luot la 130x130, 65x65, 32x32 twong tng. Sau khi lay chap, cac
I6p nay ciing thuc hién chuan hoa theo 16, kich hoat phi tuyén ELU, max-pooling va
dropout.

Cubi cung dbi vai 16p 5, sau khi chuan héa theo 16, kich hoat phi tuyén ELU, max-
pooling va dropout, ta c6 16p két ndi day du véi 256 dau vao va 4 dau ra twong Gng
véi 4 cam xdc. Ham truyén cua 16p két ndi day du 1a Softmax thé hién phan bé xéc
suat cho mdi cam xuc.

Thong thudng, s 16p an cia mang noron tir 3 tré 18n c6 thé duoc coi 1a mang
noron sau. Nghién ctu [214] 1a mot vi du vé kién trdc DCNN véi 5 16p song la dé
phan loai hinh anh.

M6 hinh DCNN cho nhan dang cam xuc tiéng Viét duoc thuc hién trong luan an
VGi céc tap tham sé khac nhau dugc trinh bay trén cac Hinh tir 4.8 dén 4.12. Trong
d6, 5 16p an déu duoc thyc hién qua cac budc lay chap, chuan hoa theo 16, ELU, max-
pooling va dropout. Lép an cudi cung 1a 16p két néi day du va dau ra la phan lop 4
loai cam x(c.

Feature Feature
maps maps

128@32x32 64@10x10

% e

Feature Feature
maps maps

128@130x130 128@65x65

) =

Feature
maps
64@260x260

Inputs

Cutputs
l@260x260 4

R

Conwvolution Convalution Conwvolution Conwvolution Convalution

3x3 kernel 3x3 kernel 3x3 kernel 3x3 kernel 3x3 kernel Flatten Fully
Max-pooling Max-pooling Max-pooling Max-pooling Max-pooling connected
2x2 kernel 2x2 kernel 2x2 kernel 2x2 kernel 2x2 kernel

ELL ELU ELL ELU ELU

DropOut 0.5 DropOut 0.5 DropOut 0.5 DropOut 0.5 DropOut 0.5

Hinh 4.8 M6 hinh DCNN cho nhdn dang cam xdc tiéng Viét véi 260 tham s

Feature Feature Feature Feature Feature Hidden
Inputs maps maps maps maps units Outputs
l@2e4x264 64@264x264 128@132x132 123@663(66 128@33x33 64@11x11 1028 4

o ' %,

Il |

Convolution
3x3 kernel
Max-pooling
2x2 kernel
ELU

DropQut 0.5

Conwvolution
3x3 kernel

Max-pooling
2x2 kernel

ELU
DropOut 0.5

Conwvolution
3x3 kernel
Max-pooling
2x2 kernel
ELU

DropQut 0.5

Conwvolution
3x3 kernel
Max-pooling
2x2 kernel
ELL
DropOut 0.5

Conwvolution
3x3 kernel
Max-pooling
2x2 kernel
ELL

DropOut 0.5

Flatten Fully

connected

Hinh 4.9 M6 hinh DCNN cho nhdn dang cam xdc tiéng Viét véi 264 tham sé
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Feature Feature Feature Feature Feature Hidden
Inputs maps maps maps maps maps units Outputs
l@267x267 64@267x267 128@133x133 128@66x66 128@33%33 64@llxll 1028

- I N

Convolution Convaolution Convolution Convalution Convolution

3x3 kernel 3x2 kernel 3x3 kernel 3x3 kernel 3x3 kernel Flatten Fully
Max-pooling Max-pooling Max-pooling Max-pooling Max-pooling connected
2x2 kernel 2x2 kernel 2x2 kernel 2x2 kernel 2x2 kernel

ELL ELU ELL ELU ELL

DropOut 0.5 DropOut 0.5 DropOut 0.5 DropOut 0.5 DropOut 0.5

Hinh 4.10 M6 hinh DCNN cho nhdn dang cam xuc tiéng Viét véi 267 tham sé

Feature feature feature foature feature Hdden
nputs maps maps mapt maps Mg units Outputs
2% GAQ %M Lagleariey (VLTRSS ) APL TR LER [ Qi 2300 4

\ ™

™

Convolution Canyolution Convalution Conyohitbion Convalution

1) kerned Ind hernel 1x) kerrwl st kernel 1x ) kol Maten Futly

Max panling Max poaling Max. pooling Max pooling Max poaling canneted
2xd bl Ix2 varnal I harnel Ix2 kernol %2 varnwl

(81) (SK1) By Ly fay

DrapOut 0 % DropOwt 0 % DropOut 0 % DvapOuwt 0 % DropOut 0 5

Hinh 4.11 M6 hinh DCNN cho nhdn dang cam xuc tiéng Viét véi 294 tham so

Feature Feature Feature Featine Feature Hssen
nouts magps maps mape maps mapt wraty (uuun
P 29020 GAG 2960200 L8914l 140 L2040 14x 74 20937217 “Piivil 2308

\ A

™~

Convohdtan Convolutxan Convolution Convahuton Comverhtion

2 hernwl ) kerne 103 karnel 1a) kernel ) kprned Nattan rutly

Mo pooiing Mas pooling Mas pooling Mas pooiing Mo« pookng amnected
202 hermel d2d hermel 20l hernel 20d berrwl 2x hernel

0o ey By ny By

DropOut 0.5 OvopOut 0 5% DvopOut 0 % DropOut 0.5 DropOwt 0 5

Hinh 4.12 M6 hinh DCNN cho nhdn dang cam xuc tiéng Viét véi 296 tham so

4.3 Ngiv liéu, tham sé va cong cu dung cho thie nghiém

Dé thuc hién cac thir nghiém véi DCNN, bén tap ngit liéu T1, T2, T3 va T4 trong
Bang 2.2 ciia Chuong 2 dugc phan chia theo ty 18 s6 file tiéng néi 14 2-1-1 twong ng
v6i huan luyén - danh gia - thir nghiém. Chi tiét sé file ngi liéu thir nghiém trong
muc nay duoc trinh bay trong cac Bang tir 4.2 dén 4.5 sau day.
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Bang 4.2 Phan chia ngiz liéu T1 (phu thugc cd nguoi néi va ngi dung)

Cam Xxuc S6 file Test | S6 file Train | S6 file Valid | Tong sé file
Binh thuong 350 697 349 1396
Vui 349 699 348 1396
Buon 351 698 347 1396
Tac 349 698 349 1396

Téng 1399 2792 1393 5584

Bang 4.3 Phan chia ngiz liéu T2 (phu thuéc nguoi néi va doc lap néi dung)

Camxuc | Sb file Test | Sé file Train | Sé file Valid | Tong sb file
Binh thuong 347 700 349 1396
Vui 349 702 345 1396
Buon 349 699 348 1396
Tac 352 692 352 1396

Tong 1397 2793 1394 5584

Bang 4.4 Phan chia ngiz ligu T3 (déc ldp nguoi néi va phu thuge ngi dung)

Camxac | S file Test | S6 file Train | Sé file Valid | Tong sé file
Binh thuong 348 704 344 1396
Vui 352 696 348 1396
Buon 350 698 348 1396
Tac 350 698 348 1396

Tong 1400 2796 1388 5584
Bang 4.5 Phan chia ngiz ligu T4 (doc 1dp ca nguoi néi va ngi dung)

Cam xuic S6 file Test | So file Train | S6 file Valid | Tong sb file
Binh thuong 174 346 176 696
Vui 175 350 175 700
Buon 175 352 176 703
Tac 176 352 176 704

Tong 700 1400 703 2803

Céc tham sb st dung nhan dang cam xuc véi md hinh DCNN dugc théng ké trong
Bang 4.6.

Bang 4.6 Nam tdp tham sé thir nghiém nhédn dang véi DCNN

Tap tham s6

Céc tham sé sir dung

260 260 hé s6 MFCC
- 260 h¢ sd MFCC
-Tan so co ban F0O
264

- 3 bién thé cua FO: FONormMinMax, logFONormAver,
logFONormMinMax
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Tap tham sé C&c tham sé sir dung

- 264 tham so

267 - 3 bién thé FO: FONormAver, FONormAverStd,
logFONormAuverStd

- 260 h¢ s6 MFCC

- Intensity, FO

- 5 bién thé FO: FONormAver, FONormMinMax,
FONormAuverStd, logFONormMinMax, logFONormAverStd
294 - 4 formant va dai thong tuwong rng

- 5 dac trung phd: harmonicity, centre of gravity, central
moment, skewness, kurtosis

- 14 hé s6 dap ung xung cua bd loc dao cua tuyén am

- 294 tham s0 ’
- 2 tham so lién quan dén FO: dFO, logFONormAver

296

Céc thtr nghiém duoc thyc hién ddi véi nam tap tham sb va bon tap ngir liu (T1, T2,
T3, T4).

Dé thuc hién cac thir nghiém nhan dang cam xuc tiéng Viét véi DCNN, luan an da
sir dung cac ham cua Keras [215] va Tensorflow [216]. Keras la mot thu vién API
(Application Programming Interface) mang noron cp cao, duoc Vviét bang Python va
c6 kha nang chay trén TensorFlow. TensorFlow la mét thu vién phan mém ma nguon
ma dé tinh toan s liéu bang cac biéu d6 ludng dit liéu. TensorFlow ban dau dugc phét
trién boi cac nha nghién ctiu va ki su 1am viéc trong nhém Google Brain trong to chiic
nghién ctu tri tué may cua Google nham muc dich nghién cttu vé hoc may va mang
noron sau. Hé thdng nay cd thé &p dung trong nhiéu linh vuc khéc nhau.

Chuong trinh thir nghiém nhan dang cam xuc tiéng Viét sir dung DCNN trong luan
an duoc viét bang ngdn ngi Python chay trén 2 may c6 cau hinh CPU Intel Core i7 -
4790 @ 3,60GHz x 8, RAM 16 GB, GPU NVIDIA GeForce GTX 1050 Ti / PCle /
SSE2, RAM 8 GB. Thoi gian huan luyén trung binh véi DCNN khoang 6 ngay cho
mét trong 4 tap ngix liéu voi mot trong 5 tap tham sé.

4.4 Thir nghiém nhan dang cam xuc tiéng Viét bang mé hinh DCNN

Hinh 4.13 1a két qua ty 18 nhan dang vai 4 tap ngit liéu khac nhau tuong (g Voi
ting tap tham sé. Poi vai thir nghiém Ti — 260, Ti — 264 (i = 1,2,3,4), ty & nhan
dang déu tang theo i theo chiéu tir 4 dén 1 (Chl y cach ky hiéu thir nghiém duoc ding
& day: T1-260 nghia 1a thir nghiém dung tap ngir liéu T1 véi 260 tham s6, T2-264
nghia 1a thir nghiém dung tap ngit liéu T2 véi 264 tham s6...). Trong truong hop ding
260 tham sd, gia ting ty 18 nhan dang Ién nhat 1a 15,86 % (T1 — 260 so v&i T4 —
260), gia ting ty 1& nhan dang nho nhat 140,22 % (T3 — 260 so véi T4 — 260). Trong
truong hop dung 264 tham sé, gia ting ty 18 nhan dang 16n nhit 12 16,22 % (T1 —
264 50 VGi T4 — 264), gia tang ty 1& nhan dang nho nhat 1 1,0 % (T3 — 264 so véi
T4 — 264).
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Tap tham s6 dic trung

Hinh 4.13 Két qud nhdn dang véi 5 tdp tham sé cho 4 tap ngir liéu

Khi ting s6 tham s tir 260 lén 264, cac tha nghiém vai tap ngit liéu T2, T4 déu
khong tiang ty 1é nhan dang, con lai cac thir nghiém véi tap ngit liéu T1, T3 déu ting
ty 1€ nhan dang.

Déi véi thir nghiém Ti — 267 (i = 1,2,3,4) thi T1, T2, T4 déu tang ty Ié nhan dang.
Gia tang ty 1& nhan dang 16n nhat 1a 15,85 % (T1 — 267 so0 Voi T4 — 267), gia ting
ty 16 nhan dang nho nhét 1a 1,21 % (T3 — 267 so véi T4 — 267). Riéng truong hop
T2 — 267, ty I1¢ nhan dang giam 0,79% so véi T2 — 264.

Trong trudng hop ding 294 tham sé, ty 1é nhan dang déu tang ddi véi T1, T2, T4.
Trong d6, thir nghiém T2 — 294 tang 1én dang ké (3,08%) so v&i T2 — 267. Nguoc
lai, thir nghiém T3 — 294 lai giam 2,71% so véi T3 — 267. Khi s6 tham sd tiang 1én
296, cé4c tap ngit liéu T1, T2 déu dat ty 1 nhan dang cao nhat so véi cac trudong hop
con lai. Thir nghiém T1 — 296 dat 98,93% con T2 — 296 dat 89,76%.

Nhu vay trong cac thir nghiém vai 5 tap tham sb khac nhau, ty 1é nhan dang dat cao
nhat ang véi tap ngit liéu T1, T2 khi st dung 296 tham sb. Bdi vai T3, ty 1é nhan dang
la cao nhit khi str dung 267 tham s, con dbi véi T4 cao nhat khi sir dung 294 tham so.

Ty Ié nhan dang trung binh cua tat ca cac thir nghiém ddi véi tiing tap tham sb
duoc trinh bay trén Hinh 4.14. Hinh 4.14 cho thay ty 1& nhan dang trung binh cua cac
thir nghiém dat cao nhat khi sir dung 296 tham sé va nho nhat khi st dung 260 tham
s6. Piéu nay ciing cho thiy, viéc thém cac dic trung vé ning luong, phd, tan sé co
ban FO va bién thé cua FO, bon formant va dai théng tuong tmg da 1am cho ty 1& nhan
dang tang 1én. C4c dic trung nay 1a cac tham s6 ¢6 anh huong tét dén kha nang phan
biét c4c cam xuc va da dugc phan tich danh gia bang phuong phap one-way ANOVA
va kiém dinh T da duoc trinh bay & muc 2.6 cia Chuong 2. Bic biét, anh hudéng cua
hai tham s6 lién quan dén tan s6 co ban FO 1a dF0 va logFONormAver khi dugc st
dung trong tap tham sé 296 da nang ty 1& nhan dang Ién t6t hon (tir 87,26% lén
88,01%).
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Hinh 4.14 Ty I¢é nhdn dgng trung binh cua cé&c thi: nghiém véi 5 tap tham so

Hinh 4.15 cho thay, nhin chung cam xdc budn dat ty I¢ nhan dang cao nhat so V&i
cac cam xUc khéc trong cac thir nghiém st dung céc tap ngir liéu T1, T2, T4. Piéu
nay ciing duoc thé hién trén Hinh 4.16 trong d6 di thong ké ty 1& nhan dang trung
binh cua tirng cam xuc d6i véi cac thir nghiem. B4i véi tha nghiém dung T1, ty 1é
nhan dang dat cao nhat va khéng chénh Iénh nhiéu gitra cac cam xac (nam trong
khoang tir 95,42% - 100%). Con véi thu nghiém dung T4, cac cam xuc khac c6 ty 1€

nhan dang chénh Iénh nhiéu hon so véi cam xdc budn.

100

9

=

i

=

5]
-

Gl

Ty 1€ nhin dang dang (%)

Binh thuémg = Vui ® Tire ® Buon

T1-260 T1-264 T1-267 T1-294 T1-206 T2-260 T2-264 T2-157 TI-I94 TI-296 TI-160 TI-164 T3-267 T3=294 T2-206 T4-260 T4=204 T4-267 T4-294 T4-I96

Ti T2 T3

Téap ngit liéu va tham s6 twong (g

T4

Hinh 4.15 Ty Ié nhdn dang diing cao nhat cua tirng cam xiic déi véi ting thiz nghiém

Néu xét ty 1é nhan dang trung binh cua tat ca cac thir nghiém véi tirng tap tham sb,
ty 1& nhan dang trung binh ctia cam xdc budn cao nhat (90,54%), tiép theo la cam xc
tac (89,03%), cam xUc vui (87%) va thap nhét 1a cam xuc binh thuong (80,77%). Ty
I& nhan dang trung binh cua ting thir nghiém véi tiing cam xtc dugc thong ké trén

Hinh 4.16.
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Déi véi tap 296 tham sb, c6 14 hé sb dap ung xung cua bd loc dao cua tuyén am
duoc thém vao tap tham s6 va chiém maot luong dang ké. Céc hé sé ndy mang thong
tin v& tuyén am. Tuy nhién, c6 thé thiy ring su gia ting dang ké cac hé sé nay khéng
lam tang dang ké do chinh xéac nhan dang so vai viéc ting d6 chinh xac nhan dang
khi ting sb lwong tham sé lién quan dén FO. Piéu nay cho thay tim quan trong cua
FO0 d6i vé6i nhan dang cam xuc va nén luu ¥ khi xem xét mdi lién quan gitta s6 lwong
tham sd, d6 chinh xac trung binh, thoi gian huan luyén va chi phi huan luyén.

O Binh thuong “Vui  #Tac & Budn
97.25

100 97.37 97.65 98.69
R 4 9117

90.23

90

(o]
o

Ty 1€ nhéan dang dang (%)
\‘
o

T1 T2 .. wa T3 T4
Tap ngir liéu
Hinh 4.16 Ty I¢ nhan dang diing trung binh cia mai cam xic
doi voi teeng tap nge liéu

Két qua cia ANOVA va kiém dinh T da cho thdy kha nang phan biét tot cac cam
xuc khi str dung cac tham sb dic trung tin hiéu tiéng néi d6i véi bo ngit lisu BKEmo.
Két qua nhan dang bn cam xuc sir dung DCNN ciing pht hop véi cac két qua danh
gia ANOVA va kiém dinh T cho bo ngit liéu nay. Tham sé dic trung duoc st dung
cho DCNN bao gém cé4c tham sé dic trung cho ngudn &m va tuyén am. Di véi cac
tham sé dic trung, tan s6 co ban FO la tham s6 nguén am va rat quan trong doi Voi
tiéng Viét vi day 1a ngdn ngit c6 thanh diéu. Mat khac, quy luat bién ddi cua tan s6
co ban ciing phu thugc vao cam xuc can duoc thé hién. Nhin chung, d6 chinh xac caa
nhan dang cam xuc tiéng Viét dat duoc véi DCNN Ia rét tich cuc va két qua thir
nghiém cho thay théng tin vé tan sé co ban FO di cai thién do chinh xac trong nhan
dang cam xuc.

Luan an da thtr nghiém nhan dang 4 cam xuc vui, budn, tic va binh thuong s
dung mé hinh DCNN va GMM. Viéc so sanh ty 1¢ nhan dang cta hai m6 hinh nay dé
don thuan két luan mé hinh nao ¢ ty 1é nhan dang cao hon 1a khéng hop ly. Bai vi,
c4c tham s6 dic trung duoc sir dung cho hai mé hinh nay 1a khac nhau. Mic du vay,
ca DCNN va GMM déu di cai thién ty 1é nhan dang khi thém thdng tin vé cac bién
thé F0 va F0. C6 thé so sanh mot cach so bd gitta GMM va ANN nhu sau. D6i Voi
GMM, diéu thiét yéu 1a xay dung duoc md hinh A theo M nhu d3 trinh bay ¢ muc 3.1.
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Trong khi dé, c6 thé ndi rang bén canh kha ning hoc, ANN c6 trién vong day hua
hen dé xay dung mot hé théng nhan dang néi chung do tinh da dang trong kién tric
cia mang noron dan dén c6 rat nhiéu tiém ning dé khai théc.

Huéng tiép theo cua luan an 1a mé rong kho ngit liéu véi cac dang cam xdc khac
cho tiéng Viét va thuc hién nhan dang cho céc dang cam xdc ndy. Mot van dé doi véi
cac hé théng nhan dang bao gdm ca nhan dang cam xdc 1a ngit liéu trong méi truong
thue ¢ thé khdng thudc tap huan luyén hoic tap thir nghiém. Thong thudng trong
nhitng trudng hop nhu vy, do chinh xac nhan dang c6 thé bj giam. Dé tiép can van
dé nay, da c6 nhitng nghién ciu st dung transfer learning [217], [218], [219], [220]
va day ciing s& 1a mot trong nhitng hudng nghién ctu siap t6i dé nhan dang cam xuc
tiéng Viét.

4.5 Két chwong 4

Chuong 4 da trinh bay két qua nhan dang bn cam xac s dung mé hinh DCNN.
Két qua nhan dang ciing cho thay ty 1& nhan dang cao véi ca bon cam xuc. Nam tap
tham s6 dic trung da duoc sir dung lam dau vao cua mang noron trong d6 bao géom
cac dic trung pho theo thang Mel, cac dic trung ciia tuyén am, tan s co ban FO va
c4c bién thé cua FO. Céc thir nghiém duoc tién hanh trén nam tap tham sé nay cho
bdn truong hop ngir liéu tly thudc vao phy thude hay doc lap vé noi dung va phu
thudc hay doc 1ap vé ngudi noi.

Tinh trung binh, d6 chinh x&c nhan dang tbi da dat duoc 13 97,86% d6i véi truong
hop phu thudc vao noi dung va phu thugc vao nguoi néi. Két qua cua cac thir nghiém
cling cho thay FO va cac bién thé caa FO gop phan dang ké vao su gia ting do6 chinh
xéac cua nhan dang cam xuc tiéng Viét. B6i voi thir nghiém nhan dang sir dung mo
hinh DCNN, cam xdc budn cho ty 1& cao hon céc cam xtc con lai.

Viéc so sanh d6 chinh xac nhan dang gitta cac md hinh chi mang tinh twong d6i
khi cac tap tham s dic trung va cach st dung cac tap tham sb dic trung nay cho céc
mo hinh 1a khong hoan toan giéng nhau. Trén thyc té ¢ thé noi, vé mat ly thuyét
chua chi ra dugc cAu hinh mang noron nao sé to ra thich hop nhét véi loai bai toan
nhan dang nao. Vi thé viéc thir nghiém nhan dang véi mang noron con tiém tang rat
nhiéu kha nang dé khai thac nhu kién tric mang noron, cac tham sé dic trung duoc
sir dung va s6 lugng cac tham sb dic trung d6. Trong khudn kho c6 han, luan an da
thue hién nghién ciru thir nghiém cho cau hinh ciia mang noron twong @ng Véi cac
tham s dic trung di sir dung. Trong twong lai s& can co thoi gian dé khai thac cac
kién tric da dang ciia mang noron véi cac tham sé dic trung cam xac cua tiéng noi.

Cac két qua nghién ctu chinh caa chuong 4 da dugc cong bd & bai bao sb 8 trong
danh muc céng trinh nghién ctru caa luan an:

8. “Deep Convolutional Neural Network for Emotion Recognition of Vietnamese”,
International Journal of Machine Learning and Computing (IJMLC), ISSN:
2010-3700, DOI: 10.18178/IIMLC, Indexing: SCOPUS (di duoc chap nhan
dang trén tap chi).
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KET LUAN VA PINH HUONG PHAT TRIEN

1. Két luan

Véi su tién bo cua khoa hoc va céng nghé, ngay nay nhiéu thiét bi may moc duoc
tao ra co thé thay thé con ngudi trong céc linh vire khac nhau caa doi séng xa hoi. May
cd thé nghe va hiéu con ngudi dang noi gi, may c6 thé doc, c6 thé nhin va nhan dang
duoc hinh anh rat tét. Ky nguyén cua may moc c6 cam xuc ciing dang dén gan, cac nha
khoa hoc da ché tao ra nhitng may méc c6 kha ning biéu cam cam x(c qua nét mit va
mong muén hon nita 1a may c6 thé cam nhan va thé hién cam xuc qua giong ndi nhu
con ngudi. Bé 1am duoc diéu nay, cac hé théng can tich hop vao d6 cam xuac dé tuong
tac giita ngudi-may duoc ty nhién nhu giita con nguoi vai nhau. Tir béi canh nay, luan
an da thuc hién dé tai nghién ciu “Nhdn dang cam xuc cho tiéng Viét néi”.

Cam xuc cua con nguoi la da dang, phong phu va khdng phai lac nao ciing mach
lac rd rang. Vi vay, tir nhitng nghién ciu chung vé cam xuc, luan an nghién ctu thir
nghiém nhan dang véi 4 cam xac dugc cac nha nghién cau cho rang co ban nhat, do
la cam xac vui, budn, tic va binh thuong.

Cac ky thuat dé nhan dang cam xic ciing ¢6 nhiéu phuong phap nhu dwa trén phan
tich ngir nghia vian ban, phan tich tin hiéu tiéng noi, phan tich biéu cam qua guong
mat, phan tich tin hiéu dién nao hay két hop cia nhiéu phuong dién. Vé phuong dién
phan tich tin hiéu tiéng néi dé nhan dang cam xuc tiéng Viét, hdy con rat it céng trinh
duoc cong bb va luan an da thyc hién nghién ctu nhan dang cam xUc theo phuong
dién nay.

Luén an da thuc hién nghién ctu vé cam xuc ciing nhu khéi quét cac nghién ctu
nhan dang cam xac hién nay trén thé giéi va trong nudc tir d6 nghién ciru danh gia
dé xuat bo ngir lidu, tham sé dic trung, thir nghiém vai cac md hinh nhan dang va
dua ra mé hinh chung cho nhan dang cam xuc tiéng Viét. V&i nhitng muc tiéu da dé
ra ban dau, luan an d3 hoan thanh dugc cac muc tiéu do.

Véi cac nghién cieu thir nghiém nhan dang cam x(c tiéng Viét dugc thyc hién dya
trén cac mo hinh GMM, DCNN, luan &n dé xuat bo tham sé bao gom hé s6 MFCC,
tan sd FO, cac bién thé cua FO, cudng do, ning lwong, formant va cac dai thong twong
ing, cac dic trung pho. Pay 14 cac tham sb c6 anh huong tét dén nhan dang vé cam
xuc. Két qua nhan dang duoc cai thién tét khi két hop MFCC véi FO va cac bién thé
cua no dya trén mé hinh GMM va mé hinh DCNN. Bén canh d6, luan an ciing thuc
hién cac thar nghiém phan 16p, nhan dang cam xdc véi mot sé bo phan 16p nhu LDA,
SMO, IBk, Trees J48 dé danh gia bo ngit liéu tiéng Viét.

Ludn an c6 nhigng dong gop khoa hoc nhw sau:

(1) Su dung cac phuong phap thich hop de danh gia bd ngir liéu cam xtic tiéng Viét
tr d6 dé xuat du:qc bd ngir liéu cam xuc tieng Viét dung cho thur nghi€ém nhéan
dang cam xuc tiéng Viét noi.
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(2) Nghién ciru, khai thac va dé xuat duge cac md hinh GMM, DCNN va cac tham
s6 dic trung phi hop cho nhan dang cam xuc tiéng Viét n6i dong thoi danh gia
dugc anh huong cua cac tham so déc trung dén két qua nhan dang cam xuc tiéng
Viét v6i boén cam xuc vui, budn, tirc va binh thudng.

2. Dinh hwéng phat trién

Trong khuén khé ¢6 han cuaa luan an, ndi dung nghién ciru trudc hét danh cho bén
cam xtic co ban bao gdom vui, budn, tiac va binh thuong. Trén thyc té, cac hinh théi
cam xuc rat da dang va phong phi nén can c6 nhiéu thai gian va nd luc nghién cau
cua cong dong nghién ctru trong linh vuc nhan dang cam xc tiéng nodi ndi chung va
dic biét 1a cam xuc tiéng Viét néi noi riéng. Tur cac két qua nghién ctru da duoc thuc
hién, luan an dé xuat cac kién nghi sau nham mé rong huéng nghién cau hién co:

e M¢ rong nghién cttu nhan dang cho céc hinh thai cam xdc khac doi véi tiéng Viét
néi nhu: Xay dung ngir liéu cam xuc tiéng Viét véi cac giong & viung mién khac
nhau va cho cac cam xac khac nhu ngac nhién, s hai, hoi hop ...; thuc hién the
nghiém danh gia két qua.

e M0 rong nghién ciu thir nghiém nhan dang véi méd hinh mang noron nhu diéu
chinh cau hinh mang, cac tham sé dau vao, sb luong tham so.

¢ Nghién cttu thur nghiém véi cac mé hinh nhan dang khac.

e Tiép can hudng nghién ciru nham dam bao d6 chinh xac nhan dang khi ngit liéu
trong moi truong thuc khong hoan toan nhu ngit lidu da duoc huan luyén.

e Két hop viéc nhan dang cam xdc tiéng Viét ndi vai nhan dang tiéng Viét noi dé
g6p phan hudéng téi xay dung cac hé théng twong tac ngudi-may hoat dong hoan
thién va hiéu qua.

123



DANH MUC CAC CONG TRINH PA CONG BO CUA LUAN AN

. Pham Ngoc Hung, Trinh Vin Loan, Dao Thi Thu Diép, Pham Québc Hung, Chu
B4 Thanh, Pao Thi Lé Thuy (2014), “Nghién cuu va thi: nghiém nhdn dang
phirong ngir tiéng Viét”, Tap chi Khoa hoc va Cong nghé, PHSPKT Hung Yén,
s6 4, ISSN 2354-0575, trang 96-101.

. Pao Thi Lé Thay, L& Xuan Thanh, Trinh Vin Loan, Nguyén Hong Quang
(2015), “Emotion recognition and corpus for Vietnamese emotion recognition”,
Tap chi Khoa hoc va Céng nghé, PHSPKT Hung Yén, s 7, ISSN 2354-0575,
trang 51-56.

. Lé Xuan Thanh, Pao Thi Lé Thay, Trinh Vin Loan, Nguyén Hong Quang
(2016), “Cam xuc trong tieng ndi va phan tich thang ké ngiz liéu cam xuc tiéng
Viét”, Chuyén san Cac cong trinh Nghién ciru, Phat trién va Ung dung Cong
nghé Théng tin, Tap chi Buu chinh Vién théng, tap V-1, s 15 (35), ISSN 1859-
3526, trang 86-98.

. L& Xuan Thanh, Pao Thi Lé Thay, Trinh Vin Loan, Nguyén Hong Quang
(2016), “So sanh hiéu niang mét s6 phwong phdp nhdn dang cam xdc tiéng Viét
noi,” Ky yéu Hai nghi khoa hoc cong nghé québc gia lan thir IX, Nghién ctu co
ban va tng dung céng nghé thong tin, Can Tho, ISBN 978-604-913-472-2, trang
656-662.

. L& Xuan Thanh, Trinh Van Loan, Nguy&n Hong Quang, Pao Thi Lé Thuy, Dinh
Pong Ludng (2017), “Téng hep tiéng Viét co cam x(c”, Chuyén san Cac cong
trinh nghién ctru phat trién Cong nghé Théng tin va Truyén thdng, Tap chi Buu
chinh Vién thong, Tap V-2, S6 18 (38), ISSN 1859-3526, trang 67-77.

. Pao Thi Lé Thay, Trinh Vian Loan, Nguyén Hong Quang va Lé Xuan Thanh
(2017), “Anh huong cia ddc trung phé tin hiéu tiéng néi d@én nhdn dang cam
x(c tiéng Viét”, Ky yéu Hoi nghi khoa hoc cong nghé quéc gia lan thir X, Nghién
ctru co ban va tng dung céng nghé thong tin, Pa Nang, ISBN 978-604-913-
614-6, trang 36-43.

. Dao Thi Le Thuy, Trinh Van Loan, Nguyen Hong Quang (2017), “GMM for
emotion recognition of Vietnamese”, Journal of Computer Science and
Cybernetics, V.33, N.3, ISSN 1813-9663, pp.229-246.

. Dao Thi Le Thuy, Trinh Van Loan, Nguyen Hong Quang (2019), “Deep
Convolutional Neural Network for Emotion Recognition of Vietnamese”,
International Journal of Machine Learning and Computing (IJMLC), ISSN:
2010-3700, DOI: 10.18178/IIMLC, Indexing: SCOPUS (di duoc chap nhan
dang trén tap chi).

124



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

TAI LIEU THAM KHAO

Nguyén Tén Nhan, Phii Van Han (2013), “Tur dién Tiéng Viét”, Nha xuat ban
tu dien Bach Khoa.

Rao, K. Sreenivasa, Koolagudi, Shashidhar G. (2013), “Emotion Recognition
using Speech Features”, Springer.

Schubiger M. (1958), “English intonation: its form and function”, Tubingen,
Tubingen, Germany: Niemeyer.

Connor J. and Arnold G. (1973), “Intonation of Colloquial English”, London:
UK: Longman, Second edition.

Robert Plutchik, Henry Kellerman (1989), “Emotion: Theory, research and
experience”, vol. 4, New York, USA: Academic Press.

Ayadi M. E. , Kamel M. S., and Karray F. (2011), “Survey on speech emotion

recognition: Features,classication schemes, and databases”, Pattern
Recognition, vol. 44, pp. 572-587.

Ekman P. (1999), “Handbook of Cognition and Emotion”, ch. Basic
Emotions, Sussex, UK: JohnWiley and Sons Ltd.

Cowie, Roddy, et al., “Emotion recognition in human-computer interaction”,
IEEE Signal processing magazine 18.1, vol. 12, pp. 32-80.

William J. (1984), “What is an emotion?”, Mind, vol. 9, pp. 188-205.

Craig A. D. (2009), “Handbook of Emotion, ch. Interoception and emotion: A

neuroanatomical perspective”, New York: September: The Guildford Press,
ISBN 978-1-59385-650-2.

Jin X. and Wang Z (2005), “An emotion space model for recognition of
emotions in spoken chinese”, in In ACII (J. Tao, T. Tan, and R. Picard, eds.),
LNCS 3784, Verlag Berlin Heidelberg., Springer, pp. 397—402.

Williams C. E. and Stevens K. N. (1981), “Vocal correlates of emotional
states. Speech Evaluation in Psychiatry”, in Grune and Stratton Inc.

Cahn J. (1990), “The generation of affect in synthesized speech”, Journal of
American Voice Input/Output Society, vol. 8, pp. 1-19.

Makhoul J. (1975), “Linear prediction: A tutorial review”, Proceedings of the
IEEE, vol. 63, no. 4, pp. 561-580.

125



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Scherer K.R. (2000), “Psychological models of emotion. The
neuropsychology of emotion”, New York, USA: Oxford University Press, pp.
137-162.

Gmytrasiewicz PJ, Lisetti CL (2000), “Using decision theory to formalize
emotions for multi-agent system applications”, in 4th international conference
on multi-agent sys-tems, Boston, USA.

Anscombe E, Geach P (1970), “Descartes philosophical writings". The Open
University, NelsonBaken RJ, Orlikoff RF (2000) Clinical measurements of
speech and voice. sSingular Thomson learning, San Diego, USA.

Cornelius, R. R. (2000), “Theoretical approaches to emotion”, in ISCA
Tutorial and Research Workshop (ITRW) on Speech and Emotion, Belfast,
United Kingdom.

Plutchik R. (1994), “The psychology and biology of emotion”, New York,
USA: HarperCollins College Publishers.

Nisimura R., Omae S., Kawahara H., Irino T. (2006), “Analyzing dialogue
data for real-worldemo-tional speech classification”, in International
conference on speech and language processing (ICSLP), Pittsburgh, USA.
Schlosberg H. (1954), “Three dimensions of emotion”, Psychol Rev, pp.
61(2):81-88.

Ekman P. (1992), “An argument for basic emotions”, Cogn Emot, vol. 6(3—
4), pp. 169-200.

Fujisawa T., Cook N.D. (2004), “Identifying emotion in speech prosody using
acoustical cues ofharmony”, in International conference on speech and
language processing (ICSLP), Jeju, Korea.

H. Miwa, T. Umetsu, A. Takanishi, H. Takanobu (2000), “Robot
personalization based on the mental dynamics”, in IEEE/RSJ Conference on
Intelligent Robots and Systems, Takamatsu.

Devillers L., Vasilescu I., Lamel L. (2002), “Annotation and detection of
emotion in a task-oriented human-human dialog corpus”, in ISLE Workshop
on dialogue tagging, Edinburgh, United Kingdom.

Power M., Dalgleish T. (1997), “Cognition and emotion From order to
disorder. Pschology Press, Hove, United Kingdom.

Koolagudi S. G. , Kumar N. and Rao K. S. (2011), “Speech emotion
recognition using segmental level prosodic analysis”, in In International

126



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Conference on Devices and Communication, (Mesra, India), Birla Institute of
Technology, IEEE Press.

Cowie R, Schroder M. (2004), “Piecing together the emotion jigsaw”, in
Workshop onmultimodal interaction and related machine learning algorithms
(MLMI104), Martigny, Switzerland, pp. 305-317.

J. Nicholson, K. Takahashi, R. Nakatsu (2000), “Emotion recognition in
speech using neural networks”, in Neural Comput, Appl. 9, pp. 290—-296.

B.Schuller ,G.Rigoll, M.Lang (2004), “Speech emotion recognition
combining acoustic features and linguistic information in a hybrid support
vector machine-belief network architecture”, in Proceedings of the ICASSP.

L. Fu, X. Mao, L. Chen (2008), “Speaker independent emotion recognition
based on svm/hmms fusion system”, in International Conference on Audio,
Language and Image Processing (ICALIP 2008).

J. Hansen, D. Cairns (1995), “lcarus: source generator based real-time
recognition of speech in noisy stressful and Lombard effect environments”,
Speech Commun, vol. 16, no. 4, pp. 391-422.

J. Ma, H. Jin, L. Yang, J. Tsai (2006), “Ubiquitous Intelligence and
Computing”, in Third International Conference, UIC 2006, Wuhan, China,
September 3-6, 2006, Proceedings (Lecture Notes in ComputerScience),
Springer-Verlag, NewYork, Inc., Secaucus, NJ, USA.

R. Banse, K. Scherer (1996), ““Acoustic profiles in vocal emotion expression”,
J. Pers. Soc. Psychol, vol. 70, no. 3, pp. 614-636.

V. Hozjan, Z. Kacic (2003), “Context-independent multilingual emotion
recognition from speech signal”, Int. J. Speech Technol, vol. 6, pp. 311-320.
P.R. Kleinginna Jr., A.M. Kleinginna (1981), “A categorized list of emotion
definitions, with suggestions for aconsensual definition”, Motivation
Emotion, vol. 5, no. 4, pp. 345-379.

R. Fernandez (2004), “A computational model for the automatic recognition
of affect in speech”.Ph.D. Thesis, Massachusetts Institute of Technology.

J. Liscombe (2007), “Prosody and speaker state: paralinguistics, pragmatics,
andproficiency”, Ph.D. Thesis, Columbia University.

Reeves B., Nass C. (1996), “The media equation: How people treat
computers, television, newmedia like real people and places”, United
Kingdom: Cambridge University Press, Cambridge.

127



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Schroder M., Cowie R. (2006), “Developing a consistent view on emotion-
orientedcomputing”. In: Renals S, Bengio S (eds) MLMI 2005, LNCS 3869,
Springer, Heidelberg.

Peter C., Beale R. (eds) (2008), “Affect and emotion in human-computer
interaction: Fromtheory to applications. (Lecture notes in computer science),
Berlin, Germany: Springer.

Holzapfel H., Frugen C., Denecke M., Waibel A. (2002), “Integrating
emotional cues into aframe-work for dialogue management”, in Proceedings
of the international conference on multimodal interfaces, Pittsburgh, USA.

Brown P., Levinson S.C. (1987), “Politeness - Some universals in language
Use”, Cambridge, United Kingdom: Cambridge University Press.

Walker MA, Cahn JE, Whittaker SJ (1997a), “Improvising linguistic style:
social and affectivebases of agent personality”, in Johnson WL, Hayes-Roth
B (eds) Proceedings of the first international conference on autonomous
agents (Agents’97), Marina del Rey, USA.

Rodrigues, L. M. L., & Carvalho, M. (2003), “Emotional and motivational
ITS architecture”, in In Proceedings 3rd IEEE International Conference on
Advanced Technologies (pp. 467), July. IEEE, Joensuu, Finland.

Sun Y, Willett D, Brueckner R, Gruhn R, B "uhler D (2006), “Experiments on
Chinese speechrecognition with tonal models and pitch estimation using the
Mandarin Speecon data”, in International conference on speech and language
processing (ICSLP), Pittsburgh, USA.

Tepperman J., Traum D., Narayanan S. (2006), “YeahRight: Sarcasm
recognition for spokendialogue systems”, in International conference on
speech and language processing (ICSLP), Pittsburgh,USA.

Rank E., Pirker H. (1998), “Generating emotional speech with a
concatenative synthesizer”, in Inter-national conference on speech and
language processing (ICSLP), Sydney, Australia.

S. G. Koolagudi, S. Maity, V. A. Kumar, S. Chakrabarti, and K. S. Rao
(2009), “HTKGP-SESC: Speech Database for Emotion Analysis”, in
Communications in Computer and Information Science, JIIT University,
Noida, India: Springer, issn: 1865-0929 ed., August 17-19.

M. Schroder and R. Cowie (2006), “Issues in emotion-oriented computing —
toward a shared understanding”, Workshop on Emotion and Computing.
HUMAINE.

128



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Koike K, Suzuki H, Saito H (1998), “Prosodic parameters in emotional

speech”, in International conference on speech and language processing
(ICSLP), Sydney, Australia.

Martin J-C, Caridakis G, Devillers L, Karpouzis K, Abrilian S (2006),
“Manual annotation andautomatic image processing of multimodal
emotional behaviours: Validating the annotation of TV interviews”, in
International conference on language resources and evaluation
(LREC),Genova, Italy.

Picard R.W. (2000), “Toward computers that recognize and respond to user
emotion”, IBM systems journal, 39(3.4), Picard, R. W. (2000). Toward
computers that recognize and respond to user emotion.

Bosma W, André E (2004), “Exploiting emotions to disambiguate dialogue
acts”, in International conference on intelligent user interfaces (1Ul), Funchal,
Portugal.

Kim K.H., Bang S.H., Kim S.R. (2004), “Emotion recognition system using
short-termmonitoring of physiological signals, Medical and biological
engineering and computing, 42(3), pp. 419-427.

Cowie R, Douglas-Cowie E, Apolloni B, Taylor J, Romano A, Fellenz W
(1999a), “What aneural net needs to know about emotion words”, in
Proceedings of the 3rd IMACS international multiconference on circuits,
systems, communications and computers (CSCC’99), Athens, Greece.

Le Thi Xuyen (1989), “Etude contrastive de l'intonation expressive en
francais et en vietnamien, Thése de Doctorat "Nouveau Régime”, Université
Paris 3.

Do Tien Thang (2009), “Primary examination of Vietnamese intonation,
Hanoi National University Publishing House.

Dang-Khoa Mac, Eric Castelli, Véronique Aubergé (2012), “Modeling the
Prosody of Vietnamese Attitudes for Expressive Speech Synthesis”, in
Workshop of Spoken Languages Technologies for Under-resourced
Languages (SLTU 2012), Cape Town, South Africa, May 7-9.

Dang-Khoa Mac, Do-Dat Tran (2015), “Modeling Vietnamese Speech
Prosody: A Step-by-Step Approach Towards an Expressive Speech Synthesis

System”, Springer, Trends and Applications in Knowledge Discovery and
Data Mining, vol. 9441, pp. 273-287.

129



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Mac Dang Khoa (2012), “Génération de parole expressive dans le cas des
langues a tons”, MICA, INPG.

Thi Duyen Ngo, The Duy Bui (2012), “A study on prosody of Vietnamese
emotional speech”, in Proceedings of the Fourth International Conference on
Knowledge and Systems Engineering (KSE 2012), IEEE, Danang city,
Vietnam, Aug 17-19.

Christopher M. Bishop F.R.Eng (2006), “Pattern Recognition and Machine
Learning”, Springer Science +Business Media, LLC.

Jay L. Devore (2010), “Probability and Statistics for Engineering and the
Sciences”, Eighth Edition, Brooks/Cole Edition.

Trevor Hastie, Robert Tibshirani, Jerome Friedman (2013), “The Elements of
Statistical Learning”, 10th Edition, USA: Springer.

Y. Ephraim, N. Merhav (2002), “Hidden Markov processes”, IEEE Trans. Inf.
Theory, vol. 48, no. 6, pp. 1518-1569.

L. Rabiner, B. Juang (1986), “An introduction to hidden Markov models”,
IEEE ASSP Mag, vol. 3, no. 1, pp. 4-16.

A. Dempster, N. Laird, D. Rubin (1977), “Maximum likelihood from
incomplete data via the EM algorithm”, J. R. Stat. Soc, vol. 39, pp. 1-38.

F. Dellert, T. Polzin, and A. Waibel (1996), “Recognizing emotion in speech”,
in 4th International Conference on Spoken Language Processing,
Philadelphia, PA, USA.

Cheng X., Duan Q. (2012), “Speech Emotion Recognition Using Gaussian
Mixture Model”, in The 2nd International Conference on Computer
Application and System Modeling.

Utane A., Nalbalwar S. (2013), “Emotion Recognition Through Speech Using
Gaussian Mixture Model And Hidden Markov Model”, International Journal
of Advanced Research in Computer Science and Software Engineering, vol.
3, no. 4, pp. 742-746, April.

C. Breazeal, L. Aryananda (2002), “Recognition of affective communicative
intent in robot-directed speech”, Autonomous Robots 2, pp. 83—104.

N. Vlassis, A. Likas (1999), “A kurtosis-based dynamic approach to Gaussian
mixture modeling”, in IEEE Trans. Syst. Man Cybern. 29.

M. Slaney, G. McRoberts (2003), “Babyears: a recognition system for
affective vocalizations”, Speech Commun. 39, pp. 367-384.

130



[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

B. Schuller (2002), “Towards intuitive speech interaction by the integration
of emotional aspects”, in IEEE International Conference on Systems, Man
and Cybernetics.

F. Burkhardt, A. Paeschke, M. Rolfes, W. Sendlmeier, B. Weiss (2005), “A
database of German emotional speech”, in Proceedings of the Interspeech,
Lissabon, Portugal.

Laurence Vidrascu, Laurence Devillers (2005), “Detection of real-life
emotions in call centers”, in In Proceeding of 9th European Conference on
Speech Communication and Technology (INTERSPEECH 2005).

Kalyana Kumar Inakollu, Sreenath Kocharla (2013), “Gender Dependent and
Independent Emotion Recognition System for Telugu Speeches Using
Gaussian Mixture Models”, International Journal of Advanced Research in
Computer and Communication Engineering, vol. 2, no. 11, pp. 4172-4175.

Igor Bisio, Alessandro Delfino, Fabio Lavagetto, Mario Marchese, And
Andrea Sciarrone (2013), “Gender-Driven Emotion Recognition Through
Speech Signals for Ambient Intelligence Applications”, IEEE transactions on
Emerging topics in computing, vol. 1, no. 2, pp. 244-257.

Thurid Vogt, Elisabeth André (2006), “Improving Automatic Emotion
Recognition from Speech via Gender Differentiation”, in In Proceedings of
Language Resources and Evaluation Conference LREC.

T. Nwe, S. Foo, L. De Silva (2003), “Speech emotion recognition using
hidden Markov model”, Speech Commun, vol. 41, pp. 603—623.

O. Kwon, K. Chan, J. Hao, T. Lee (2003), “Emotion recognition by speech
signal”, EUROSPEECH Geneva, pp. 125-128.

C. Lee, S. Yildrim, M. Bulut, A. Kazemzadeh, C. Busso, Z. Deng, S. Lee, S.
Narayanan (2004), “Emotion recognition based on phoneme classes”, in
Proceedings of ICSLP.

Petrushin (2000), “Emotion recognition in speech signal: experimental study,
development and application”, in Proceedings of the ICSLP 2000.

Petrushin, V. A. (2000), “Emotion recognition in speech signal: experimental
study, development, and application”, in In Sixth International Conference on
Spoken Language Processing.

Haytham M. Fayek, Margaret Lech, Lawrence Cavedon (2017), “Evaluating
deep learning architectures for Speech Emotion Recognition™.Neural
Networks.

131



[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[99]

[96]

[97]

[98]

[99]

[100]

Rawat et al. (2015), “Emotion Recognition through Speech Using Neural
Network”, International Journal of Advanced Research in Computer Science
and Software Engineering, vol. 5, no. 5, pp. 422-428.

A. Razak, R. Komiya, M. Abidin (2005), “Comparison between fuzzy and nn
method for speech emotion recognition”, in 3rd International Conference on
Information Technology and Applications ICITA 2005.

O. Pierre-Yves (2003), “The production and recognition of emotions in
speech: features and algorithms, Int. J. Human—-Computer Stud. 59, pp. 157-
183.

B. Schuller, G. Rigoll, M. Lang (2003), “Hidden Markov model-based speech
emotion”, in International Conference on Multimedia and Expo (ICME).

V. Petrushin (2000), “Emotion recognition in speech signal: experimental
study, development and application”, in Proceedings of the ICSLP.

B. Schuller, M. Lang, G. Rigoll (2005), “Robust acoustic speech emotion
recognition by ensembles of classifiers”, in Proceedings of the DAGA’05, 31,
Deutsche Jahrestagung fur Akustik, DEGA, 2005.

M. Lugger, B. Yang (2009), “Combining classifiers with diverse feature sets
for robust speaker independent emotion recognition”, in Proceedings of
EUSIPCO.

L.I.LKuncheva (2004), “Combining Pattern Classifiers: Methodsand
Algorithms".Wiley.

J. Wu, M.D. Mullin, J.M. Rehg (2005), “Linear asymmetric classifier for
cascade detectors”, in 22th International Conference on Machine Learning.
D. Mashao, M. Skosan (2006), “Combining classifier decisions for robust
speaker identification”, Pattern Recognition 39 (1), pp. 147-155.

L.I. Kuncheva (2002), “A theoretical study on six classifier fusion strategies”,
in IEEE Trans. Pattern Anal. Mach. Intell. 24.

M. Lugger, B. Yang (2008), “Psychological motivated multi-stage emotion
classification exploiting voice quality features”, Speech Recognition, no.
ISBN 978-953-7619-29-9, pp. 395-410.

H. Schlosberg (1954), “Three dimensions of emotion”, Psychological Rev61
(2), pp. 81-88.

K. Stevens, H. Hanson (1994), “Classification of glottal vibration from
acoustic measurements”, Vocal Fold Physiol, pp. 147-170.

132



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

Lugger M. and Yang B. (2007), “The relevance of voice quality features in
speaker independent emotion recognition”, in ICASSP, Honolulu, Hawai,
USA.

Rajisha T. M.a, Sunija A. P.b, Riyas K. S (2015), “Performance Analysis of
Malayalam Language Speech Emotion Recognition System using ANN/SVM”,
in International Conference on Emerging Trends in Engineering, Science and
Technology (ICETEST), Kerala, India.

Viet Hoang Anh, Manh Ngo Van, Bang Ban Ha, Thang Huynh Quyet (2012),
“A real-time model based Support Vector Machine for emotion recognition
through EEG”, in International Conference on Control, Automation and
Information Sciences (ICCAIS), Ho Chi Minh city, Vietnam, Nov 26-29, Ho
Chi Minh city, Vietnam, Nov 26-29.

La Vu Tuan, Huang Cheng-Wei, Ha Cheng, Zhao Li (2013), “Emotional
Feature Analysis and Recognition from Vietnamese Speech”, Journal of
Signal Processing, China,, vol. 20, no. 10, pp. 1423-1432.

Jiang Zhipeng, Huang Cheng-wei (2015), “High-Order Markov Random
Fields and Their Applications in Cross-Language Speech Recognition”,
Cybernetics and Information Technologies, vol. 15, no. 4, pp. 50-57.

PaoT.L.,ChenY.T., YehlJ. H., and Liao W. Y. (2005), “Combining acoustic
features for improved emotion recognition in mandarin speech”, In ACII (J.
Tao, T. Tan, and R. Picard, eds.), (LNCS 3784)”, Springer-Verlag Berlin
Heidelberg, pp. 279-285.

Schroder M., Cowie R., Douglas-Cowie E., Westerdijk M. and Gielen S.
(2001), “Acoustic correlates of emotion dimensions in view of speech
synthesis”, in EUROSPEECH 2001 Scandinavia, 2nd INTERSPEECH Event,
September 3-7. 7th European Conference on Speech Communication and
Technology, Aalborg, Denmark.

Williams C. and Stevens K. (1972), “Emotionsandspeech:some acoustical
correlates”, Journal of Acoustic Society of America, vol. 52, no. no. 4 pt 2,

p. 1238-1250.

Burkhardt F, Paeschke A, Rolfes M, Sendlmeier WF, Weiss B (2005), “A
database of germanemo-tional speech”, in European conference on speech
and language processing (EUROSPEECH), Lisbon, Portugal.

133



[110] Batliner A., Buckow J., Niemann H., N"oth E. and VolkerWarnke (2000),
“Verbmobile Foundations of speech to speech translation”, ISBN
3540677836, 9783540677833: Springer.

[111] Campbell N, Devillers L, Douglas-Cowie E, Auberg’e V, Batliner A, Tao J
(2006), “Resources for the processing of affect in interactions”, in ELRA (ed)
International conference on language resources and evaluation (LREC),
Genova, Italy.

[112] Campbell N (2000), “Databases of emotional speech”, in Proceedings of
ISCA.

[113] Johannes Pittermann, Angela Pittermann, Wolfgang Minker (2010),
“Handling Emotions in Human-Computer Dialogues”, Springer.

[114] University of Pennsylvania Linguistic Data Consortium (2002), “Emotional
prosody speech and transcripts”, July 2002.

[115] F. Burkhardt, A. Paeschke, M. Rolfes, W. Sendlmeier, B. Weiss (2005), “A

database of German emotional speech”, in Proceedings of the Interspeech,
Lissabon.

[116] Engberg, 1. S., & Hansen, A. V. (1996), “Documentation of the Danish
emotional speech database (DES) ". Internal AAU report, Center for Person
Kommunikation, Denmark, 22.

[117] D. Morrison, R. Wang, L. De Silva (2007), “Ensemble methods for spoken
emotion recognition in call-centres”, Speech Commun, vol. 2, no. 49, pp. 98-
112.

[118] T. Nwe, S. Foo, L. De Silva (2003), “Speech emotion recognition using
hidden Markov models”, Speech Commun, no. 41, pp. 603—623.

[119] V. Hozjan, Z. Moreno, A. Bonafonte, A. Nogueiras (2002), “Interface
databases: design and collection of a multilingual emotional speech
database”, in Proceedings of the 3rd InternationalConference on Language
Resources and Evaluation (LREC’02) Las Palmas de Gran Canaria, Spain.

[120] C. Breazeal, L. Aryananda (2002), “Recognition of affective communicative
intent in robot-directed speech”, Autonomous Robots 2, pp. 83-104.

[121] M. Slaney, G. McRoberts (2003), “Babyears: a recognition system for
affective vocalizations”, Speech Commun, no. 39, pp. 367-384.

[122] B. Schuller, S. Reiter, R. Muller, M. Al-Hames, M. Lang, G. Rigoll (2005),
“Speaker independent speech emotion recognition by ensemble

134



[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

classification”, in IEEE International Conference on Multimedia and Expo,
ICME.

B. Schuller (2002), “Towards intuitive speech interaction by the integration
of emotional aspects”, in IEEE International Conference on Systems, Man
and Cybernetics, vol. 6, 2002, pp. 6.

E. Kim, K. Hyun, S. Kim, Y. Kwak (2007), “Speech emotion recognition
using eigen-fit in clean and noisy environments”, in The 16th IEEE
International Symposium on Robot and Human Interactive Communication,
RO-MAN.

J. Zhou, G. Wang, Y. Yang, P. Chen (2006), “Speech emotion recognition
based on rough set and SVM”, in 5th IEEE International Conference on
Cognitive Informatics, ICCI.

N. Amir, S. Ron, N. Laor (2002), “Analysis of an emotional speech corpus in
Hebrew based on objective criteria”, Speech Emotion, pp. 29-33.

H. Hu, M. Xu, W. Wu (2000), “Dimensions of emotional meaning in speech”,
in Proceedings of the ISCA ITRW on Speech and Emotion.

Lé Xuan Thanh (2018), “Téng hop tiéng Viét véi cac chadt giong khac nhau
va c6 biéu Ig cam xuc”, Luan an, Pai hoc Bach khoa Ha Noi.

Joseph Picone (1995), “Fundamentals of speech recognition: a short course”,

Department of Electrical and Computer Engineering, Mississippi State
University.

Makhoul J. (1975), “Linear prediction: A tutorial review”, Proceedings of the
IEEE, Vols. 63, no. 4, pp. 561-580.

Rabiner L. R. and Juang B. H (1993), “Fundamentals of Speech Recognition,
Englewood Cliffs”, New Jersy: Prentice-Hall.

Benesty J., Sondhi M. M., and Huang Y. (2008), “Springer Handbook on
Speech Processing”, Springer Publishers.

Rao, K. S., & Koolagudi, S. G. (2012), “Emotion Recognition using Speech
Features”, Springer Science & Business Media, .

Ananthapadmanabha T. V. and Yegnanarayana B. (1979), “Epoch extraction
from linear prediction residual for identification of closed glottis interval”,
IEEE Trans. Acoustics, Speech, and Signal Processing, vol. 27, pp. 309-319.

B.Yegnanarayana, S.R.M.Prasanna, and K. Rao (2002), *“Speech
enhancement using excitation source information”, in Proc. IEEE Int. Conf.
Acoust., Speech, Signal Processing, Orlando, Florida, USA.

135



[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

Bajpai A. and Yegnanarayana B. (2008), “Combining evidence from sub-
segmental and segmental features for audio clip classification”, in IEEE
Region 10 Conference (TENCON), India, 11T, Hyderabad.

Wakita H. (1976), “Residual energy of linear prediction to vowel and speaker
recognition”, IEEE Trans. Acoust. Speech Signal Process, vol. 24, pp. 270—
271.

Rao K. S., Prasanna S. R.M. and Yegnanarayana B. (2007), “Determination
of instants of significant excitation in speech using hilbert envelope and group
delay function”, IEEE Signal Processing Letters, vol. 14, pp. 762—765.

Bajpai A. and Yegnanarayana B. (2004), “Exploring features for audio clip
classi?cation using LP residual and AANN models”, in The international
Conference on Intelligent Sensing and Information Processing 2004 (ICISIP
2004), Chennai, India.

Yegnanarayana B., Swamy R. K., and Murty K.S.R. (2009), “Determining
mixing parameters from multispeaker data using speech-specific
information”, IEEE Trans. Audio, Speech, and Language Processing, vol. 17,
no. 6, pp. 1196-1207, ISSN 1558-7916.

G. Bapineedu, B. Avinash, S. V. Gangashetty, and B. Yegnanarayana (2009),
“Analysis of lombard speech using excitation source information”,
INTERSPEECH, September, 6-10, Brighton, UK.

K. E. Cummings and M. A. Clements (1995), “Analysis of the glottal
excitation of emotionally styled and stressed speech”, Journal of Acoustic
Society of America, vol. 98, pp. 88-98.

Zhen-Hua Ling, Yu Hu, Ren-Hua Wang (2005), “A novel source analysis
method by matchin spectral characters of If model with straight spectrum”,
Springer-Verlag, pp. 441-448.

Atal B. S. (1972), “Automatic speaker recognition based on pitch contours”,
Journal of Acoustic Society of America, vol. 52, no. 6, pp. 1687-1697.

Thevenaz P. and Hugli H. (1995), “Usefulness of LPC residue in
textindependent speaker verification”, Speech Communication, vol. 17, pp.
145-157.

Yegnanarayana B., Murthy P. S., Avendano C., and H. Hermansky (1998),
“Enhancement of reverberant speech using LP residual”, in IEEE
International Conference on Acoustics, Speech and Signal Processing,
Seattle, WA , USA.

136



[147] Mubarak O. M. , Ambikairajah E. , and Epps J. (2005), “Analysis of an mfcc-
based audio indexing system for eficient coding of multimedia sources”, in
The 8th International Symposium on Signal Processing and its Applications,
(Sydney, Australia), 28-31 August.

[148] Pao, T. L., Chen, Y. T., Yeh, J. H., Cheng, Y. M., & Chien, C. S. (2007),
“Feature combination for better differentiating anger from neutral in
Mandarin emotional speech”, in In International Conference on Affective
Computing and Intelligent Interaction. Springer, Berlin, Heidelberg.

[149] Kamaruddin N. and Wahab A. (2009), “Features extraction for speech
emotion”, Journal of Computational Methods in Science and Engineering,
vol. 9, no. 9, pp. 1-12.

[150] Neiberg D., Elenius K. and Laskowski K. (2006), “Emotion recognition in
spontaneous speech using GMMs”, in In INTERSPEECH 2006 - ICSLP,
Pittsburgh, Pennsylvania.

[151] Bitouk D., Verma R. and Nenkova A. (2010), “Class-level spectral features
for emotion recognition”, Speech Communication. Article in press.

[152] Sigmund M. (2007), “Spectral analysis of speech under stress”, IJCSNS
International Journal of Computer Science and Network Security, vol. 7, pp.
170-172.

[153] Banziger T. and Scherer K. R (2005), “The role of intonation in emotional
expressions”, vol. 46, Speech Communication, pp. 252—-267.

[154] Cowie R. and Cornelius R. R. (2003), “Describing the emotional states that
are expressed in speech”, vol. 40, Speech Communication, pp. 5-32.

[155] Rao K. S. and Yegnanarayana B. (2006), “Prosody modification using
instants of ignificant excitation”, IEEE Trans. Speech and Audio Processing,
vol. 14, pp. 972-980.

[156] Werner S. and Keller E. (1994), “Prosodic aspects of speech”, in
Fundamentals of Speech Synthesis and Speech Recognition: Basic Concepts
State of the Art the Future Challenges (E. Keller, ed.), Chichester: John Wiley,
pp. 23-40.

[157] Murray I. R. and Arnott J. L. (1995), “Implementation and testing of a system

for producing emotion by rule in synthetic speech”, Speech Communication,
vol. 16, pp. 369-390.

137



[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

Murray I. R., Arnott J. L. and Rohwer E. A. (1996), “Emotional stress in
synthetic speech: Progress and future directions”, Speech Communication,
vol. 20, pp. 85-91.

Scherer K. R. (2003), “Vocal communication of emotion: A review of research
paradigms”, vol. 40, Speech Communication, pp. 227-256.

McGilloway, S., Cowie, R., Douglas-Cowie, E., Gielen, S., Westerdijk, M.,
& Stroeve, S. (2000), “Approaching automatic recognition of emotion from
voice: A rough benchmark”, ISCA Tutorial and Research Workshop (ITRW)
on Speech and Emotion.

T.L.Nwe, S. W. Foo, and L. C. D. Silva (2003), “Speech emotion recognition
using hidden Markov models”, Speech Communication, vol. 41, pp. 603—623,
Nov.

Ververidis D. and Kotropoulos C. (2006), “A state of the art review on
emotional speech databases”, in In Eleventh Australasian International
Conference on Speech Science and Technology, Auckland, New Zealand.

A. Tida, N. Campbell, F. Higuchi, and M. Yasumura (2003), A corpus-based
speech synthesis system with emotion”, Speech Communication, vol. 40, pp.
161-187, Apr.

Luengo 1., Navas E., Hernaez 1., and Sanchez J. (2005), “Automatic emotion
recognition using prosodic parameters”, in INTERSPEECH, Lisbon,
Portugal.

Iliou T. and Anagnostopoulos C. N. (2009), “Statistical evaluation of speech
features for emotion recognition”, in Fourth International Conference on
Digital Telecommunications, Colmar, France.

Kao Y. hao and Lee L. shan (2006), “Feature analysis for emotion recognition
from mandarin speech considering the special characteristics of chinese
language”, in INTERSPEECH - ICSLP, Pittsburgh, Pennsylvania.

Zhu A. and Luo Q. (2007), “Study on speech emotion recognition system in e
learning”, in Human Computer Interaction, Part III, HCII (J. Jacko, ed.),
Berlin Heidelberg, Springer Verlag, LNCS:4552, pp. 544-552,.

Wang Y., Du S., and Zhan S. (2008), “Adaptive and optimal classi?cation of

speech emotion recognition”, in Fourth International Conference on Natural
Computation.

Zhang S. (2008), “Emotion recognition in chinese natural speech by
combining prosody and voice quality features”, in In Advances in Neural

138



[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

Networks, Lecture Notes in Computer Science, Volume 5264 (S. et al., ed.),
Berlin Heidelberg, Springer Verlag, pp. 457-464.

F. Dellaert, T. Polzin, and A. Waibel (1996), “Recognising emotions in
speech”, in ICSLP 96, Oct.

D. Ververidis, C. Kotropoulos, and 1. Pitas (2004), “Automatic emotional
speech classification”, in ICASSP 2004, IEEE, pp. 1593 - 1596.

Rao K. S., Reddy R., Maity S. and Koolagudi S. G. (2010), “Characterization
of emotions using the dynamics of prosodic features”, in International
Conference on Speech Prosody, Chicago, USA.

Jean Vroomen, René Collier, Sylvie Mozziconacci (1993), “Duration and
intonation in emotional speech”, in Proceedings of the Third European
Conference on Speech Communication and Technology, Berlin, Germany.

Deepa P. Gopinath, Sheeba P.S, Achuthsankar S. Nair (2007), “Emotional
Analysis for Malayalam Text to Speech Synthesis Systems”, in Proceedings of
the Setit 2007 - 4th International Conference: Sciences of Electronic,
Technologies of Information and Telecommunications, Tunisia.

Pao, T. L., Chen, Y. T., Yeh, J. H., & Liao, W. Y. (2005), “Combining
acoustic features for improved emotion recognition in mandarin speech”, in
International Conference on Affective Computing and Intelligent Interaction,
Springer, Berlin, Heidelberg.

Yixiong Pan, Peipei Shen, Liping Shen (2012), “Speech Emotion Recognition
Using Support Vector Machine”, International Journal of Smart Home, vol.
6, no. 2, pp. 101-108.

R. Subhashreel, G. N. Rathna (2016), “Speech Emotion Recognition:
Performance Analysis based on Fused Algorithms and GMM Modelling”,
Indian Journal of Science and Technology, Vols. Vol 9(11), March , pp. 1-8.
Rahul B. Lanewar, Swarup Mathurkar, Nilesh Patel (2015), “Implementation
and Comparison of Speech Emotion Recognition System using Gaussian
Mixture Model (GMM) and K-Nearest Neighbor (K-NN) technique”, Procedia
Computer Science, Elsevier, vol. 49, pp. 50-57.

Kun Han, Dong Yu, Ivan Tashev, “Speech Emotion Recognition Using Deep
Neural Network and Extreme Learning Machine.”, in INTERSPEECH 2014,
Singapore, 2014.

Mai Ngoc Chu (1997), “The basics of linguistics and Vietnamese”, Hanoi:
Education Publishing House.

139



[181]
[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

"www.praat.org”, [Online].

Jean-Frangois Bonastre, Frédéric Wils (2005), “Alize, a free toolkit for
speaker recognition”, in IEEE International Conference.

Ian H. Witten, Eibe Frank (2005), “Data Mining: Practical machine learning
tools and techniques”, Second Edition, Morgan Kaufmann Publishers.

J. C. Platt, (1998), “Writer Technical Report MSR-TR-98-14", [Performance].
Microsoft Research.

Quinlan J. R. (1993), “C4.5: Programs for Machine Learning”, Morgan
Kaufmann Publishers.

Eyben, Florian, Martin Wollmer, and Bjorn Schuller (2010), “Opensmile: the
munich versatile and fast open-source audio feature extractor”, in
Proceedings of the 18th ACM international conference on Multimedia,
Firenze, Italy.

Siging Wua, Tiago H. Falkb, Wai-Yip Chan (2011), “Automatic speech
emotion recognition using modulation spectral features”, Speech
Communication, vol. 53, no. 5, pp. 768—785.

S. Lalitha, Abhishek Madhavan, Bharath Bhushan, Srinivas Saketh (2014),
“Speech emotion recognition”, in Proceedings of the International Conference
on Advances in Electronics, Computers and Communications, Bangalore,
India.

Maria Schubiger (1960), “English intonation: its form and function”,
Language, Vols. 36, No. 4, pp. 544-548.

Ankush Chaudhary, Ashish Kumar Sharma, Jyoti Dalal, Leena Choukiker
(2015), “Speech Emotion Recognition”, Journal of Emerging Technologies
and Innovative Research, vol. 2, no. 4, pp. 1169-1171.

Torres-Carrasquillo, P. A., Singer, E., Kohler, M. A., Greene, R. J., Reynolds,
D. A., and Deller Jr., J. R. (2002), “Approaches to Language Identification
Using Gaussian Mixture Models and Shifted Delta Cepstral Features”, in
Proc. International Conference on Spoken Language Processing in Denver,
CO, ISCA.

Bin MA, Donglai ZHU and Rong TONG (2006), “Chinese Dialect
Identification Using Tone Features Based On Pitch”, in ICASSP.

Bagct U., Erzin E. (2005), “Boosting Classifiers for Music Genre
Classification”, in In: Yolum., Giingdr T., Giirgen F., Ozturan C. (eds)

140



[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

Computer and Information Sciences — ISCIS, Lecture Notes in Computer
Science, vol. vol 3733, Berlin, Heidelberg, Springer.

J Bilmes (1998), “A gentle tutorial of the EM algorithm and its application to
parameter estimation for Gaussian mixture and hidden Markov models”,
International Computer Science Institute.

Bendjillali R. I.; Beladgham M.; Merit K.; Taleb-Ahmed A (2019), “Improved
Facial Expression Recognition Based on DWT Feature for Deep CNN”,
Electronics, 2019, 8(3), 324.”, Electronics, Vols. 8(3), 324.

Yue Zhao; Xingyu Jin; Xiaolin Hu (2017), “Recurrent Convolutional Neural
Network for Speech Processing”, in IEEE International Conference on
Acoustics, Speech and Signal Processing (ICASSP).

Abdulsalam W. H., Alhamdani R. S., Abdullah M. N (2019), “Facial Emotion
Recognition from Videos Using Deep Convolutional Neural Networks”,
International Journal of Machine Learning and Computing.

Supaporn Bunrit, Thuttaphol Inkian, Nittaya Kerdprasop, and Kittisak
Kerdprasop (2019), “Text-Independent Speaker Identification Using Deep
Learning”, International Journal of Machine Learning and Computing, vol. 9,
no. 2, pp. 143-148, April .

Stuhlsatz; André et al. (2011), “Deep neural networks for acoustic emotion
recognition: Raising the benchmarks”, in IEEE International Conference on
Acoustics, Speech and Signal Processing (ICASSP).

Aharon satt; Shai Rozenberg; Ron Hoory (2017), “Efficient Emotion
Recognition from Speech Using Deep Learning on Spectrograms.”, in
INTERSPEECH 2017, Stockholm, Sweden, August 20-24.

Kun Han; Dong Yu; Ivan Tashev 9 (2014), “Speech Emotion Recognition
Using Deep Neural Network and Extreme Learning Machine”, in
INTERSPEECH.

Eduard Frant et al. (2017), “Voice Based Emotion Recognition with

Convolutional Neural Networks for Companion Robots”, Romanian Journal
of Information Science and Technology, 2017, vol. 20, no. 3, pp. 222—-240.

Michael Neumann; Ngoc Thang Vu (2017), “Attentive Convolutional Neural
Network Based Speech Emotion Recognition: A Study on the Impact of Input
Features, Signal Length, and Acted Speech”, in InterSpeech.

Wootaek Lim, Daeyoung Jang, and Taejin Lee (2016), “Speech emotion
recognition using convolutional and recurrent neural networks”, in Asia

141



[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

Pacific Signal and Information Processing Association Annual Summit and
Conference (APSIPA).

Abdul Malik Badshah, Jamil Ahmad, and Nasir Rahim (2017), “Speech
emotion recognition from spectrograms with deep convolutional neural

network”, in in International Conference on Platform Technology and Service
(PlatCon).

Yafeng Niu, Dongsheng Zou, Yadong Niu, Zhongshi He, and Hua Tan
(2017), “A breakthrough in speech emotion recognition using deep retinal
convolution neural networks”, arXiv:1707.09917.

Najafabadi, Maryam M., et al. (2015), “Deep learning applications and
challenges in big data analytics”, Journal of Big Data, vol. 2, no. 1, (2015):1.

X. Chen and X. Lin (2014), “Big Data Deep Learning: Challenges and
Perspectives”, IEEE Access, vol. 2, pp. 514-525.

Badshah; Abdul Malik et al. (2017), “Speech Emotion Recognition from
Spectrograms with Deep Convolutional Neural Network”, in International
Conference on Platform Technology and Service (PlatCon).

Djork-Arne Clevert; Thomas Unterthiner & Sepp Hochreiter (2016), “Fast
and Accurate Deep Network Learning by Exponential Linear Units (ELUs)”,
in In 4th International Conference on Learning Representations, (ICLR),
arXiv:1511.07289 [cs. LG]..

Sergey loffe; Christian Szegedy (2015), “Batch normalization: accelerating
deep network training by reducing internal covariate shift.”, in ICML'15
Proceedings of the 32nd International Conference on Machine Learning,
France, July 06 — 11, 2015, 37, 448-456. Lille..

Matthew D. Zeiler; Rob Fergus (2013), “Stochastic Pooling for
Regularization of Deep Convolutional Neural Networks”, in Proceedings of
the International Conference on Learning Representation (ICLR), arXiv
preprint arXiv:1301.3557.

Nitish Srivastava et al (2014), “Dropout: A Simple Way to Prevent Neural
Networks from Overfitting”, Journal of Machine Learning Research 15, pp.
1929-1958.

Anthimopoulos, Marios, Stergios Christodoulidis, Lukas Ebner, Andreas
Christe, and Stavroula Mougiakakou (2016), “Lung pattern classification for
interstitial lung diseases using a deep convolutional neural network”, IEEE
Transactions on Medical Imaging 35, No. 5, pp. 1207-1216.

142



[215] Chollet F., “Keras" (2015)”, https://github.com/fchollet/keras, [Online].

[216] Chollet F., “Tensorflow" (2015)”, https://github.com/topics/tensorflow,
[Online].

[217] Gideon, John, Soheil Khorram, Zakaria Aldeneh, Dimitrios Dimitriadis, and
Emily Mower Provost (2017), “Progressive neural networks for transfer
learning in emotion recognition”, arXiv preprint arXiv:1706.03256 .

[218] Deng, Jun, Sascha Frihholz, Zixing Zhang, and Bjérn Schuller (2017),
“Recognizing emotions from whispered speech based on acoustic feature
transfer learning”, IEEE Access 5 (2017): 5235-5246.

[219] Latif, Siddique, Rajib Rana, Shahzad Younis, Junaid Qadir, and Julien Epps
(2018), “Transfer learning for improving speech emotion classification
accuracy”, arXiv preprint arXiv:1801.06353.

[220] Lech Margaret, Melissa Stolar, Robert Bolia, and Michael Skinner (2018),
“Amplitude-Frequency Analysis of Emotional Speech Using Transfer
Learning and Classification of Spectrogram Images”, Advances in Science,
Technology and Engineering Systems Journal, Vol. 3, No.4, pp. 363-371.

143



PHU LUC

A. Danh sach cac cau dwoc chon dé thé hién cam xuc cta bé ngip
liéu thte nghiém nhan dang cam xuc tieng Viét néi

TT Noi dung cau

1 Ong nai gi thé t6i khong hiéu

2 Anh d3 biét chuyén gi chua

3 C6 chuyén gi thé ha

4 Anh dn don em nhé

5 Chén quéa di cau a

6 Lai phai cho ha anh

7 Thoi vui 1€n di 6ng

8 Khong biét thi dwa cot ma nghe hiéu chua
9 Ctr lanh chanh, hong hét ca viéc roi

10 Anh dwrng ndi chuyén véi em nira

11 | Co luong roi!

12 | Troi dat oi! Thude gi ma hay qua ching!
13 Oi dao, nguoi nhu vay khong thay d6i duoc dau
14 | Mai la cha nhat rdi!

15 | Lam gi ma lau thé

16 | H6m nay chang duoc viéc gi ca

17 Ong cho con di véi nhé!

18 | Bac di dau day?

19 | Chuyén la thu nay cho anh ay nhé!

20 Khoéng tang gi cho em a!

21 | Sao nhiéu thé a?

22 Sao lai khong dugc gi?

B. Két qua thir nghiém nhan dang cam xuac véi bd ngiv liéu tiéng

Drc dung cbng cu Alize dwa trén moé hinh GMM

Co so ngit liéu cam xuc tiéng Pire dugc thuc hién thu &m véi tan s 1ay mau 16kHz
va 16bit/mau trong phong thu cua truong Dai hoc Berlin. C6 800 phat ngon duoc thu
am tir 10 nghé si chuyén nghiép (5 nghé si nam, 5 nghé si nix) cho 7 cam xdc gém
tac, vui, budn, so héi, ghé tom, chan nan, binh thuong.

M&i dién vién n6i mot sb cau véi tat ca cac cam xtc. Mdi cam xuc c6 thé duoc thu
am tir 1 dén 5 lan. Co sé ngit liéu da duoc danh gia va loai bo mot sé phién ban do
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15i hodc do nhiéu. Tong sé file tiéng noi cho 4 cam xac vui, budn, tirc va binh thuong
la 339 tap tin (151 file giong nam, 188 file giong nix). B ngix liéu nay duoc théng ké
trong Bang B.1.

Bang B.1. B ngi# liu tiéng Pirc véi bon cam xac vui, buén, tizc va bink thirong

Téng sé
Cam xuc Gigng nam Giong nir file theo
cam xuc
1123|4512 ]3]4]5
Tuc 1211014111313 12|12 |16 |14 127
Vui 214|786 |4]11/10] 8 |11 71
Budn 4 13| 7| 7141419 |51]10]9 62
Binh thuong 4141119 (1119|109 |7 |5 79
Tongsofile |51 51139 |35(34 (3042|3641 49| 339
theo nguodi noi

Tham sb dung cho thir nghiém gém cac hé s6 MFCC, ning lugng cing véi dao
ham bac nhat, dao ham bac hai cia MFCC va ning lugng. Cac tham sé nay duoc trich
chon tir cbng cu Alize. Thir nghiém dugc chia lam 2 truong hop:

e Truong hop 1: S file dung cho huan luyén (339 file) déu dugce dua vao nhan
dang. Két qua nhan dang duoc théng ké trong Bang B.2. Ty Ié nhan dang dung

trung binh dat 96.25%.

Bang B.2. Két qua nhdn dang cam xuc tiéng Purc trong truong hop 1

e Sé6 file nhan Sé filenhan | Ty 1é nhan
Cam xuc ‘ , T
dang dang ding dang
Vui 71 67 94%
Budn 62 61 98%
Tuc 127 125 98%
Binh thuong 79 75 95%
Tong so file 339 328

Ty 1€ nhan dang dung trung binh dat 64,5%.
Bang B.3. Két qua nhdn dang cam xuc tiéng Pire trong triong hop 2

e Truong hop 2: Dung mét nira s6 file dé huan luyén, nira con lai dung cho nhan
dang. Két qua nhan dang trong truong hop nay duoc théng ké trong Bang B.3.

. S6 file nhan Sé filenhan | Ty 1é nhan

Cam xic ,

dang dang dung dang

Vui 35 12 34%

Buon 31 22 71%

Tuc 63 53 84%

Binh thuong 39 27 69%
Tong so file 168 114
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