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TOM TAT: Mét véin dé quan trong déi véi hé théng nhdn dang cam xic tiéng néi la viéc can phdi trich chon cdc ddc trung phit hop
cua tin hiéu tiéng néi sao cho cic ddc trung nay cho kha nang phdn biét hiéu quad Cac cam xtic khdac nhau. Bai bdo ndy s dung
phuwong phip ANOVA va kiém dinh T déi véi mét sé dic tru'ngpho cua b ngir liéu cam xiic tzeng Viét néi dé danh gid kha néng dira
trén cac dc trung nay dé phan biét 4 cam xiic co ban vui, buon, tic gidgn va binh thirong. Két qud thiz nghiém sir dung mo hinh
GMM @é nhin dang 4 cam xiic cho thay ¢6 sw danh hwong khac nhau cua timg déc trwng pho dén ty 1é nhan dang diing cdc cam xiic
dong thoi 1y 1¢ nhdn dang diing ting ddang ké khi cé su két hop cdc ddc trung MFCC véi cde ddc trung phé.

Tir khéa: nhén dgng cam xuc, tléng Viét néi, dic trwngphé, MFCC, GMM.

I. GIOI THIEU

Céc nghién ciru vé cam xuc tiéng néi co vai tro quan trong trong cac linh vue twong tac ngudi-may. Da co nhiéu
nghién ctru nhan dang cam xuc tiéng noi cho mot s6 ngdn ngir khac nhau trén thé gisi [1]. Phan 16n cac nghién ctru nay
thuong st dung cac dic trung tin hiéu tiéng néi theo 4 loai [1]: cac ddc trung mang tinh lién tuc (cao do, ning lugng,
formant), cac ddc trung mang tinh chat lugng giong néi (d& nghe hay kho nghe, murc d6 cing thang, muc do 1iy hoi),
cac dac trung phd (LPC (Linear Prediction Coding), MFCC (Mel Frequency Cepstral Coefficients), LFPC (Log-
frequency power coefficients)), cac dic trung TEO (TEO-Teager-energy-operator) do Teager dé xuit (TEO-FM-Var
(TEO-decomposed FM variation), TEO-Auto-Env (normalized TEO autocorrelation envelope area), TEO-CB-Auto-
Env (critical bandbased TEO autocorrelation envelope area)). Cac nghién ciru vé cam xuc tiéng Viét hién nay chu yeu
dugc thyc hién trén phuong dién ngén ngir [2] Theo phuong dién xu 1y tin hi¢u, con rat it cac cong trinh nghién ctru vé
cam xtic tiéng Viét ndi. Mot sb nghién ciru vé cam xuc tiéng Viét da dugc cong b thuong dugc thyc hién trén ngir liéu
da thé thirc, két hop video biéu hién khuén mit, ctr chi va tiéng ndi véi tng dung chu yéu dé tong hop tleng Viét.
Chang han nghién ctru trong [3, 4] d thir nghiém mé hinh hoa ngdn diéu tiéng Viét véi ngir lidu da thé thirc nham tong
hop tiéng Viét biéu cam. Nghién ctru [5] dé sir dung SVM (Support Vector Machines) dé phan 16p véi dau vao 1a tin
hiéu dién nio (EEG) va két qua cho thay c6 the nhdn dang dugc trén thoi gian thye 5 trang thai cam xuc co ban vdi do
chinh xac trung binh la 70,5%. Ngoai ra, c6 s6 it nghién ctru vé cam xuc tiéng Viét néi song dwoc thyc hién & nudc
ngoai va khong phai chu yéu do ngudi Viét thuc hién [6, 7]. Nhin chung, cic nghién ciru nhan dang cam xuc thudng
dung hdn hop bdn dic trung tin hiéu tiéng noi di dwoc néu trén. Tuy vy, con hiém thiy cac nghién ciru xét riéng anh
huéng cia cac dic trung trong mién tin s6 dén két qua nhan dang cam xuc.

Dbi v6i nhan dang cam xuc tiéng no6i, viée tim kiém xac dinh cac tham sé ddc trung cua tin hiéu tiéng néi dé
nhén dang c6 hi€u qua la didu rat quan trong. Trong bai b4o nay, ching toi thuc hién danh gia anh huéng cia cac dic
trung pho tin hiéu tiéng nodi dén nhan dang cam xuc va xem xét cac loi ich cua viéc két hop cac déc trung MFCC aé
nhan dang bén cam xtc vui, budn, tirc gidn va binh thudng cho tiéng Viét ndi. Bai bio gom 5 phan Phén 2 trinh bay
cac ddc trung phd ciia tin hidu tiéng ndi da dugc sir dung trong thir nghiém ciia bai bio. Phan 3 néu phuong phép
ANOVA va kiém dinh T dé danh gi4 cac dic trung phd di néu. Cac két qua thir nghiém dung mé hinh GMM vdi cac
dic trung phd dé nhan dang cam xic tiéng Viét noi duoc trinh bay trong phan 4. Cudi cling, cac két luan dugc rat ra
trong phan 5.

CAC PAC TRUNG PHO CUA TiN HIEU TIENG NOI VA NGU LIEU CAM XUC
DUNG CHO THU NGHIEM

V6i tin hiéu tiéng noi, cac hé sé MFCC va LPCC (Linear Predictive Cepstral Coefficients) 1a cac tham sé phd
bién dwoc din xuét tir mién cepstral dic trung cho thong tin tuyén 4m. Nhing dic diém ndy cua tuyén 4m ciing duoc
biét dén nhu 13 cac dic trung phd hodc dic trung hé thong. N6i chung, cac dic trung phd duge xem nhu cd d6 twong
quan rit 16n gitra cAu hinh thay ddi cua tuyén am va tdc do di chuyén cua céc thanh phin tham gia phat am. Thong tin
chuyén biét vé cam xtic hién dién trong chudi ciu hinh cta tuyén am doéng vai tro quan trong trong viéc tao ra cac don
vi 4m khéc nhau véi cdc cam xuc khéc nhau. Cac h¢ s6 MFCC, LPCC va cac dic trung formant da duoc biét dén mot
cach rong rdi nhu 14 cac didc trung cua hé théng. Trong bai bao nay, cac ddc trung thong ké ctia phd dugc trich chon tir
ngit liéu cam xuc bang cong cu Praat gdm cac dic trung nhu sau (trong ngodc don 1a cac ky hiéu s& dugc ding trong
bai bao dé chi cic dic trung niy): cac thanh phan hai (harmonicity), trong tim phd (central gravity), mémen trung tam
(central moment), d6 bat d6i ximg (skewness), o nhon (kurtosis), d¢ léch chuan (stand_dev), gia tri trung binh (mean),
d6 ddc (slope) va do léch chuén (stddevi) cta phd trung binh dai han LTAS (Long Term Average Spectrum).
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Céc thanh phan hai dai dién cho muc d6 tudn hoan con dugc goi 1a ty 18 song hai-nhidu HNR (Harmonics-to-
Noise Ratio). Harmonicity dugc biéu dién bang thang do dB. Néu 99% ning lugng cua tin hi¢u nim trong chu ky va
1% 14 nhiéu thi HNR 14 10 * log10 (99/1) = 20dB. Néu HNR béng 0dB c6 nghia 14 ning lwong trong song hai va trong
nhiéu bang nhau [18].

Néu S(f) 1a phd phtrc, trong d6 f 1a tan sb thi trong tim phd dugc cho boi cong thie (1):

Iy fFIS(HPdf
IS paf

Trong d6 [ 000 IS(f)|Pdf 1a nang lugng. Nhu vy, trong tim pho 1a trung binh cta tin sb trén toan bd mién tan sd
véi trong s 1a |S (f)|P. Khi p = 2, trong sb 1a phd cong sut, con p = 1 trong sb 1a tri tuyét ddi cta phd. Gid tri
thuong dugc dung 1a p = 2/3. Trong tam phd 1a phép do tan s trung binh ctia tan s6 trong phd. D6i véi tin hi¢u hinh
sin ¢ tan s6 377 Hz thi trong tam pho 1a 377 Hz. D4i voi nhidu tring & tan sd 22050 Hz thi trong tdm pho 1a 5512,5 Hz,
tic 1a bang nira tin s6 Nyquist.

(1)

Néu S(f) 1a phd phirc thi mémen phd trung tim thir n dugc cho béi cong thic (2) véi £, 1a trong tam phd.

Iy = LM IPdf
I 1S(HIpdf

Mdmen trung tam tha n 1a gia tri trung binh ciia (f — fc)™ trén toan bo mién tan so Vv6i trong sO 1a ISCOIP.
Momen li€n quan dén bac n trong cong thire (2). Néu n = 2 ta c6 phuong sai ciia cac tan sb trong phd. Do 1éch chuin
tan sb chinh 1a cin bac hai ciia phuwong sai nay.

2)

Néu n = 3 ta s& c6 mémen phd trung tdm bac 3, d6 ciing chinh 1a d6 bt dbi ximg skewness khong chuin hoa
cua phé. Pé chudn hoa, can chia cho 1,5 cong suit cia momen bac hai. Skewness cho biét do 1éch cta tap dir liu so
v6i phan bd chudn, néu d6 léch nam dudi gia tri trung binh thi dir li€u tap trung hon so véi do 1éch nam trén gia tri
trung binh. P9 bt dbi ximg skewness ctia mot phan bd xac suit 1a do do sy bat ddi xing cua phan bd d6. Gia tri tuyét
dbi cuia skewness cang cao thi phan bd do cang bat ddi ximg. Mot phan bd dbi xtmg c6 skewness bang 0.

Véi n = 4, ta ¢6 kurtosis ctia phd khong chuan hoa. Pé chuan hoa can chia cho binh phuong ciia momen bac
hai va trir di 3. Kurtosis 1a mot chi sé dé danh gia dac diém hinh dang cua mot phan bd xac suit. Cu thé, kurtosis so
sanh do cao phan trung tdm cua mot phan b so véi phan bd chuin. Phan trung tAm cia phan bd cang cao va nhon thi
chi s6 kurtosis cta phan bb d6 cang 16n. Phan bd chuan c6 kurtosis bang 3.

Gi4 trj trung binh cta phé lién quan dén do 1éch chuén ciia phd. Véi bai toan phan 16p, khi mot tap cac gid tri
ctia dit liéu c6 xu hudng phan bd gan gia tri trung tdm thi mirc d6 tap trung cua dit lidu tdt hon so véi tap dit liéu ¢ xu
hu’('mg phan bd xa gi tri trung tAm. Nhu vay, gia tri trung binh c¢6 thé 13 hitu ich dé moé ta tap cac gia tri cua dit liéu c6

moi trong quan v&i nhau. Trung binh cta cac gia tri x4, ..., xy la:
N
1
=y )% @)
j=1

Céc dic trung phd trung binh dai han LTAS, d6 dbc (slope) cia LTAS va do 1éch chuin (stddevi) cia LTAS
cling dugc xem xét trong bai bao nay.

Ngir liéu cam xuc tiéng Viét ndi ding cho thir nghiém trong bai bao gdm 5584 file clia bo ngir lidu cam xuc
tiéng Viét BKEmo [8] véi bon cam xiic vui, budn, tirc gian, binh thuong cua 8 giong nam va 8 giong nir. Cac file cam
xtc duge lya chon véi 22 cau c6 ndi dung khac nhau. Trong sb cac cau do, ¢6 cau ngan, cau dai, cu cam than nhu “Co
lwong roi”, “Oi dao, nguwoi nhu vy khong thay c d6i dwoc dau” & phan tich cac tham sO dic trung cta cam xuc. Moi
CAu dugc noi 4 1an. S6 lugng file cam xtic ctia mdi giong nam va nir 1a 2792 file, mdi cam xitic c6 698 file. Tap ngit liéu
dugc chia d6i, mot nira dung dé hudn luyén (2792 file), ntra con lai dé thir nghiém (2792 file).

II. PHAN TiCH CAC PAC TRUNG PHO BANG PHUONG PHAP ANOVA VA KIEM PINH T
A. Phuwong phdp phén tich ANOVA va kiém dinh T

1. Phan tich phuong sai one-way ANOVA

Céc phan tich ANOVA [10], thudong duge xem nhu 1 tp hop cia cac tinh hudng thuc nghiém va cac tha tuc
théng ké dé phén tich cac dap tng co tinh dinh lugng tir cdc don vi thu nghiém. Bai toan ANOVA don gidn dugc goi
VGi C4c tén khac nhau nhu nhan t6 don (single-factor) hodc one-way ANOVA. Bii toan ANOVA don gian lién quan
dén viéc phan tich trong trudng hop cac dir liéu dugc ldy mau tir hai quan thé trd 1én hodc khi dit liéu duoc 14y tir cac
thir nghiém trong d6 phuong phap xir Iy dugc sir dung 1a nhiéu hon 2. Céc dic tinh phan biét cic phuong phap xir 1y
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hodc cac quan thé voi nhau goi 1a cac nhéan té (factor) dwoc dung trong nghién ctru, con cac phuong phap xtr 1y khac
nhau hodc quan thé khac nhau duoc goi 1a cac mirc d6 ciia nhan t6. Phan tich one-way ANOVA dugc sir dung trong
truong hop chi c6 mot yéu té nao d6 duoc xem xét nham xac dinh anh hudng ctia né dén mot yéu td khac. Yéu té duge
xem xét anh huong s& duoc ding dé phan loai cic quan sat thanh cac nhom khac nhau.

Phuong phdp one-way ANOVA thuc hién so séanh cac gia tri théng ké (gia tri trung binh) caa nhleu tap di liéu.
Gia sir I 1a s6 tap dir liu can so sanh, piy, ..., ; 1a cac gia tri trung binh cua ting tap dit lidu, gia thuyét can kiém dinh
la:

Hy: g = pp = -y (gia tri trung binh ciia cac tap dit liéu bang nhau),
H,: it nhat 1 trong 2 gia tri u; khac nhau.

Néu H, 1a dung, cic | quan sat trong mdi ca thé tir mot quan thé phan bd chuan thong thuong cé cung mot gia
tri trung binh s Trong truong hop d6, gia tri trung binh cua cac ca thé X, X5, ... , X7, 1a gan voi nhau. Céc thu tuc kiém
tra dya trén viéc so sanh phép do do chénh léch gitra cac ¥, so voi phép do do bién doi dugc tinh toan tir mdi mau. Dé
kiém dinh cac gia thuyét trén, can tinh gia tri trung binh binh phuong MSTr (Mean Square for Treatments) va trung
binh binh phuong 16i MSE (Mean Square for Error) theo cac cong thire (4) va (5).

MSTr = L[~ R0t 4 By~ B0 + 4 (B — K2

_ L Nx _xy (4)
= ,_12(&-_ x)

SE+SZ4 -+ S
MSE = i (5)

Trong cong thie (4), I 14 s6 tap di liéu va J 1a sé gia tri do cho mdi tap dir liéu. X; 12 gia tri trung binh trén mau
thir i, X 1a gia tri trung binh trén toan bo dit liéu. Trong cong thirc (5), S? 1a phuong sai mau thir i. Thir nghiém thong
ké cho one-way ANOVA la F = MSTr/MSE.

2.Kiémdinh T

Két qua phan tich phuong sai ANOVA loai bo gia thuyét H, va chip nhan H,, nhu vay s& c6 cac cip gia tri
Wi — pjcua cac tap dir ligu khac nhau. Khi do, can biét chinh xac nhitng cip gia tri nao co su khac biét dang ké. Dé
kiém dinh didu nay, mot trong nhirng phuwong phap duoc st dung phd bién 1a kiém dinh T (Tukey’s test [10]). Kiém
dinh T sir dung phan bd Student dé danh gia cac cap gia tri y; — u ;- Cac khoang tin cdy cua cac cdp gia tri y; — ;
dugc tinh dé so sanh. Khoang tin cdy cta gia tri nay dugc mo ta & phwong trinh (6) véi Qa1,1-1)) 12 gid tri ciia phan
b6 Student tai mic ¥ nghia a.

X - Xj = Qarig-»)V MSE/] < i —w; < X - X] + Qarig-1)V MSE/] (6)

Véimoi i, jva(i=1,..,Ivaj=1,..,1) véi (i <j).

Gia st [ = 4, ta can tinh khoang tin cdy cho 6 cip: ty; — ty, Uy — Uz, M1 — Har Py — M3,y — My, Mz — K-
Ngoal ra P — value ciing duogc tinh cho cac truong hop nay Goi F laty Ié trung binh binh phuong 15i, P 1a xAc suat
thong keé thir nghiém, c6 thé c6 mot gia tri I6n hon hoac bang gié tri théng ké kiém dinh (P > F).

B. Két qud phaén tich va kiém dinh cdc ddic trung phé

1. Két qua phan tich ANOVA

V6i nhan dang cam xuc, thir nghiém trong bai bao 1a xem xét yéu t6 dic trung phd c6 anh huéng dén su phan
loai bdn cam xtic co ban hay khong, néu c6 anh huéng thi gia tri trung binh cua dic trung phd cta cac tip cam xic s&
1a khac nhau. Phuong phap one-way ANOVA duoc st dung dé phan tich sy anh huong cua cac déc trung phé dén sur
phan biét cac cam xtc v6i nhau. Ngit lidu cam xuc da gi6i thiéu & phan trén duge dua vao thir nghiém. Gia thuyét can
kiém dinh 1a cac gia tri ky vong cua bbn tap cam xtic vui, budn, tirc gian va binh thudng 1a nhu nhau, nghia 1 khong c6
su khac biét gitra bén cam xtc. Gia thuyét doi lap: c6 it nhat hai cdp cam xuc co su khac biét véi nhau.

Gia str can kiém dinh xem tham s déc trung skewness ctia phd ¢6 anh hudng dén sy phan biét cac cam xuc hay
khong, cac gia tri MSTr va MSE s& dugc tinh toan dya trén cac gia tri trung binh va phuong sai cia tham sO nay
Tuong tu v6i cac tham s6 dic trung khac, cac két qua phan tich thong ké F va P-value cta céc tham s didc trung phd
dugc trinh bay trong Bang 1.

Bang 1 cho thay gid tri P — value cua céc tham sb rat nho, c6 nghia 1a xac suat s& rat thap dé cho u; = u, = us =
1y. Nhu vy, gia thuyét H, bi bac bo va c6 thé khang dinh rang ¢6 sy phan biét cac cam xuc dya vao cac tham sb trén.
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Bang 1. Gia trj thong ké F va P — value ciia phan tich ANOVA véi céc tham sb dic trung phd

Thit tw Tham sb Giatri F Giatri P — value
1 Harmonicity 218,4038 5,7727E-134
2 Centre_gravity 1317,4812 0,0
3 Stand_dev 1397,2756 0,0
4 Skewness 1114,7564 0,0
5 Kurtosis 594,1112 0,0
6 Cmoment 1664,5398 0,0
7 Mean 783,2338 0,0
8 Slope 1218,3402 0,0
9 Stddevi 751,0346 0,0

2. Két qua kiém dinh T

Két qua phan tich ANOVA véi bén ‘cam xiic cho théy 6 thé phén biét Quoc cac cam xuc dua trén cac tham sé
déc trung pho cua tin hiéu. Vay lam sao dé biet nhiing cép cam xuc nao c6 thé phan biét dugc voi nhau dya vao cac
tham s6 d6? D€ tim ra cac cdp cam xuc nay, chung t6i tien hanh thir nghiém bang phuong phap kiém dinh T, ket qua
thong ké trong Bang 2.

Bang 2.Gi4 tri P — value cua kiém dinh T v6i cac tham sb dic trung phd cho céc cip cam xuc

Thir Tham s X P - value‘ p - -
tw BT-Buon BT-Tic BT-Vui Buon-Tirc Buon-Vui Tire-Vui
1 Harmonicity 3,7683E-09 3,7683E-09 2,8624E-06 | 3,7683E-09 | 3,7683E-09 3,7683E-09
2 Centre_gravity 3,7683E-09 3,7683E-09 3,7683E-09 | 3,7683E-09 | 3,7683E-09 1,3024E-06
3 Stand_dev 3,7683E-09 3,7683E-09 3,7683E-09 | 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-09
5 Kurtosis 3,7683E-09 3,7683E-09 6,4688E-09 | 3,7683E-09 | 3,7683E-09 3,7683E-09
6 Central monent 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-09
8 Slope 3,7683E-09 3,8234E-09 3,7683E-09 | 3,7683E-09 | 3,7683E-09 3,7683E-09
9 Stddevi 3,7683E-09 0,61003 3,7683E-09 | 3,7683E-09 | 3,7683E-09 3,7683E-09

Bang 2 cho thay gia tri P — value 1a rat nho khi danh gia cho ting tham sé ddi voi timg cap cam xtic. Didu nay
cho thiy céc tham s6 trén c6 anh huong dén sy phan biét cac cap cam xuc véi nhau. Nhin chung, P — value cta cac
cdp cam xuc Budn-Tirc, Budn-Vui déu co gia tri nho kha ddng déu hon so véi P — value clia cic cap cam xuc con lai.
Céc cdp cam xtic con lai ciing dugc phan biét 13, tuy nhién cac tham sé mean, stddevi c6 anh huéng it hon véi cip cam
xtc BT-Ttc. Pidu ndy ciing duge phan anh thong qua két qua nhan dang cam xuc dugce trinh by & phan sau trong d6
ty 1& nhan dang cam xuc ting 1én khi b6 sung cac dic trung phd.

III. THU NGHIEM NHAN DANG BANG MO HINH GMM

A. M hinh hén hgp Gauss (GMM- Gauss Mixture Model)

Dé nhan dang cam xuc tiéng noéi, di co nhiéu by phan 16p duge ding nhw HMM (Hiden Markov Model), GMM,
SVM (Support Vector Machine), ANN (Artificial Neural Network), KNN (K-Nearest Neighbors) va nhiéu bo phan 16p
khac [1]. Trén thyc té, khong c6 sy thoa thudn nao vé mot bd phan 16p nao d6 1a thich hop nhét cho nhan dang cam
xuc. Bai vi mdi bo phan 16p c6 wu thé va han ché riéng cua né.

Theo khia canh théng ké dé nhan dang mau, mdi 16p dwoc mo hinh hoa bang phan bd xac suét dva trén ngir lidu
huin luyén sin c6. Cac bo phan 16p thong ké di duge sir dung trong nhiéu tng dung nhén dang tiéng n6i nhu HMM,
GMM. M6 hinh GMM 1a mé hinh xé4c suat dé danh gia mat do bang cach st dung t6 hop 15i cua cic mat d6 chuén da
thé hién. GMM co thé duogc xem nhu HMM lién tuc dac biét chi chira mot trang thai [14]. GMM rat hi€u qua khi mo
hinh hoa cac phan bd da thé thirc va cac yéu cu vé viéc huin luyén it hon nhiéu so v&i yéu cdu cia HMM lién tuc tong
quat. Do vay, GMM la thich hop hon so véi HMM cho nhan dang cam xuc tiéng no6i khi chi co dic trung tong quan
dugc trich rat tir tiéng no6i ding cho huin luyén. Tuy nhién, GMM khong thé mo hinh héa céu trac thoi gian cua ngir
liéu huén luyén bai vi cac phuong trinh huén luyén va nhan dang déu dya trén gia thiét rang tat ca cac vecto la doc lap.
Trén thyc t&, GMM di duoc dung kha phd bién cho cac truong hop dinh danh ngudi néi [11], dinh danh ngon ngir
[12], dinh danh phuong ngir [13] hodc phén 16p thé loai 4m nhac [15]. Trong truong hop nhén dang cam xtic, moi cam
xtc s€ dugc mod hinh hoa bang mdt mo hinh GMM va bd cac tham so s€é dugc xac dinh thong qua viéc huén luyén trén
tdp mau hoc.

Gia sir voi mot phéat ngén cua cam xUc j twong Gng c6 K khung tiéng néi va mdi khung tiéng noi trich chon
dugc vécto dic trung x; ¢6 D chiéu. Nhu vay, mot phat ngbn cua cam XUc j s€ tuwong ttng voi tap X chira K vécto dac
trung X = {xq, Xy, ..., Xg}. Gia thiét cac vécto dic trung phu hop vdi phan bo Gauss trong d6 phan bo nay dugc xac
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dinh boi trung binh va d¢ léch so véi gia tri trung binh. Tir d6, phan bé cac dic trung clia cam xUc j ¢6 thé dwge md
hinh héa bang hon hop cac phan bo Gauss. M6 hinh hon hop cac phan bo Gauss 4; ctia cam xdc j s€ bang tong co trong
s6 cua M phan bé thanh phan duoc xac dinh bai xac suat:

p(X|%) = ngN(X How Zm) )

Trong (7), gm 1a céc trong sb cua hon hop thoa man diéu kien ¥ _; gm = 1, N(X; i, Z) 12 caC ham mat do
thanh phan véi phan bé Gauss D thé hién c6 dang:

1 Xt TZy ™ (Xt
N Kbt 2n) = yorels, 72 © Rt ) ®)
Trong (8), M., la vécto trung binh u,,, € RP con X,, la ma tran hi¢p phuong sai Z,, € RP*P. Nhu vay, md hinh
GMM 4; cho cam xdc j duge xac dinh bai b ba: cac vécto trung binh, cac ma tran hi¢p phuong sai va cac trong s6 cho
M thanh phan: 4 = {#m, 2y, Gm}jm = 1,2, ..., M. Trén thuc té, viéc xdc dinh md hinh GMM 4; cua cam xuc j s&
duoc thuc hién theo thuat giai cuc dai ky vong (EM: Expectation-Maximization). Thuét giai nay s€ xac dinh cuc dai
kha hién (ML: Maximum- Likelihood ) ctia log kha hién log(p(X|4;) [17].

B. Nhin dang két hop MFCC véi cdc dic trung phé

Phan nay s€ trinh bay cac Kkét qua thtr nghiém st dung MFCC, cac dao ham bac mét va dao ham bac hai cua
MFCC va cic tham s dic trung phd dé nhan dang bdn cam xtic. Cac hé s6 MFCC (19 hé sb) cing dao ham ctia cac hé
s6 nay duoc trich chon bang bd cong cu Alize [11], con cac dic trung phd duge trich chon bang bd cong cu Praat [18].
M3i thir nghiém duoc tién hanh véi s6 thanh phan Gauss M tang tir 16 dén 8192 theo lity thira 2 (M = 2", n =
4,5,...,13).

C6 7 truong hop thir nghiém da dugc thyc hién va c6 thé chia 7 truong hop nay thanh 2 nhom nhu sau. Nhém
thir nhit gdm 4 thir nghiém: st dung chi MFCC, MFCC + Dell (dao ham béc nhét cia MFCC), MFCC+Del12 (dao
ham béc nhét va bac hai cia MFCC), sit dung chi cac dac trung phé FeaSpec. Nhém thur 2 gém 3 thr nghiém: str dung
MFCC+FeatSpec, MFCC+Dell+FeaSpec, MFCC+Del12+FeaSpec.

Két qua dat duoc cua nhom thir nhat nhu sau. Di v6i trudng hop chi sit dung MFCC, ty 16 nhan dang chinh x4c
dat dugc trong khoang 73,1% - 90,44%. Khi két hgp MFCC véi dao ham bac nhét (Dell), ty 1 nhan dang chinh xac
tang 1én va nam trong khoang 76,72% - 93,8%. V&i trudng hop dung MFCC va c6 ca dao ham bac nhat, dao ham bac
hai (Del12), ty 1¢ nhan dang chinh xac thudc khoang 75,68% - 91,26%. Néu chi dung cic tham sé dic trung phd
(FeaSpec) thi ty 1 nhan dang s& thip hon va c6 gié tri tir 67,48% - 73,82%.

Dbi véi nhom thir hai, két qua thir nghiém dat dugc nhu sau. Ty 18 nhan dang chinh xéc tir 76,68% - 89,97% khi
str dung MFCC+FeaSpec, ty 1€ nay la tir 76,72% - 92,73% khi st dung MFCC+Dell+FeaSpec va tir 77,51% - 91,87%
khi str dung MFCC+Del12+FeaSpec.
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Hinh 1. Ty 18 nhan dang ding cam xuc v6i tham sé MFCC va céc dic trung phd

Hinh 1 cho thdy, nhin chung khi sb thanh phan Gauss M ting thi ty I& nhan dang ciing ting 1én. Vi gia tri ciia
M tir 16 dén 256, ty 1¢ nhan dang ding trung binh cua bon cam xuc dat duoc khi sir dung déy du bo tham so gobm
MFCC+Dell2+FeaSpec ndi chung déu cao hon so véi cac truong hop khong sir dung day du bo tham so nay. Con véi
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gia tri M tir 256 dén 8192, ty 1¢ nhan dang dung trung binh bén cam xuc khi sir dung MFCC+Dell cao hon so vdi cac
truong hop con lai.

Hinh 2 thér}g ké ty 1¢ nhan dang ding trung binh cho 7 thi nghiém. Ty 1¢ nhén dang ding trung binh khi chi
dung dac trung pho la thap nhat va bang 69,71%. Ty 1¢ nhan dang ding trung binh dat cao nhat bang 88,03% khi dung
MFCC+Dell. Néu dung MFCC+Del12 thi ty 1¢ nhan dang la 87,16% va ty 1¢ nay tang 0,71% khi c6 két hop véi dac
trung phd FeaSpec. Viéc két hgp voi dac trung pho déu lam tang ty 1¢ nhén dang trong 2 truong hop MFCC+FeaSpec
va MFCC+Dell2+FeaSpec.
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7 trudng hop thir nghiém

Hinh 2. Ty 1¢ nhan dang dung trung binh cho 7 truong hgp thur nghiém
Hinh 3 1 quan hé giita s§ thanh phan Gauss M va ty 1é nhan dang dung trung binh cho 7 thir nghiém da néu
trén. Hinh 3 cho thay, vdi gia tri M thap thi ty 1€ nhian dang ding ting 1én dang ké. Khi M thay doi tir 16 dén 256, ty 1€
nhén dang ding trung binh ting 10,53%. Khi M téng tir 512 dén 8192, ty 1€ nhan dang ding trung binh ting chi 2,82%.
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Hinh 3. Quan h¢ giita s6 thanh phin Gauss M va ty 1é nhin dang dung trung binh

C6 thé thay rang, khi M ting du 16n (khoang trén 512), md hinh GMM hau nhu di dat t6i mtc xap xi viéc mod
hinh hoéa cac cam xtc nén ty 1€ nhan dang dung trung binh tang theo dang bao hoa khi ting M.

Viéc xac dinh ti wu cac thanh phan Gauss M 1a quan trong nhung d6 cling lai la bai toan kho [16]. M cang tang
thi thoi gian tinh todn cling tang theo. Tuy timg bd tham s6 dua vao nhan dang ma gia tri t6i wu cia M can dugc lya
chon thich hop iy theo thoi gian tinh toan can thiét va do chinh xac nhan dang theo yéu cau.

C. Nhin dang két hop MFCC véi tirng ddc trung pho

Dé danh gia anh hudng cia riéng ting dic trung phd, 1an lugt ting dic trung phd dd dugc dwa vao mé hinh
GMM véi s6 thanh phan Gauss M thay doi tir 16 dén 8192. Két qua cho thay, ty 1¢ nhan dang ding trung binh dat cao
nhat 1a 88,61% doi voi dac trung skewness cho cac gia tri cia M tir 16 dén 8192. Ty 1¢ nhan dang dung trung binh thap
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nhét 1a 87,77% ddi v6i dac trung harmonicity. Hinh 4 14 ty 1 nhan dang dung cao nhat va thip nhét trong tmg véi dic
trung pho va cac gia tri khac nhau cua s6 thanh phan Gauss M. Véi timg gié tri cua M, bi€u do trén Hinh 4 chi biéu
dién ty 1¢ nhan dang dung cao nhat va thap nhat tuong tng véi déac trung pho.
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Hinh 4. Ty 18 nhan dang dng cao nhét va thdp nhét twong tng voi dic trung phd cho cac gia tri cuia M

Tu Hinh 4 ¢6 thé nhan xét: dic trung do 1éch chuén cta LTAS khong xuét hién trén biéu dd, nghia 1a ty 1¢ nhan
dang cao nhat hodc thdp nhit cho ting gié tri cia M khong thudc vé dic trung nay. Trong khi d6, dic trung kurtosis co
bon 1an xuét hién ty 1€ nhan dang dung cao nhét Ung voi cac gia tri cia M = 32,128,1024,2048. Pac trung d¢ 1éch
chudn cuia phd c6 ba lan xuét hién ty 1é nhan dang dung cao nhat ing véi cac gia tri cia M = 16,256,4096. Pic trung
skewness c6 hai 1an xut hién ty 1¢ nhan dang dung cao nhét ung voi cac gid tri cuia M = 64,512, Con lai, dac trung
moémen trung tam cua phd chi xuat hién mot 1an co ty 18 nhan dang cao nhit ing véi M = 8192. C6 thé suy dién 1y do
dé dac trung kurtosis co s6 1an xuét hién nhiéu nhat ung véi ty 1¢ nhan dang dung cao nhét nhu sau. Ban chat cua dic
trung kurtosis 12 danh gi4 d6 nhon phin trung tim cta phan bd phd so véi phan bd chuin. Trong khi d6, GMM 1a mé
hinh gdm t6 hop tuyén tinh cic phan bé chun. Chinh vi vy, phuong thirc xac dinh dic trung kurtosis kha tuong dong
véi phurong thire moé hinh hoa cia GMM.

Két qua dénh gia anh hudng cia timg dic trung phd khi dugc két hop véi MFCC+Dell duge trinh bay ¢ Bang 3.
Béng nay cho théy, khi dac trung kurtosis cua phé duoc két hop, ty 1€ nhan dang trung binh cao nhét ddi v&i cam xuc
vui 1a 88,80% va cam xtc binh thuong la 86,26%. Khi két hop véi dic trung skewness, ca cam xuc budn va cam xtic
tlrc gian déu cho ty 1¢ nhan dang trung binh cao nhéat 14n luot 1a 91,49% va 90,82%.

Bang 3. Ty 1& nhan dang trung binh cua M khi két hgp MFCC+Del1 véi timg dic trung phd cho cac cam xtic

, % Ty 1€ (%) nhin dang diing cho tirng cidm xiic
Thir ty Tham 50 Vui s : Budn Tl’fc giin Binh thwong
1 Harmonicity 88,41 90.43 89.41 85.20
2 Centre_gravity 88,78 90.76 89.31 85.09
3 Stand_dev 88,73 90.26 90.30 85.86
4 Skewness 89.14 91.49 90.82 85.13
5 Kurtosis 88.80 91.12 90.37 86.26
6 Cmonent 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 Stddevi 88.48 90.46 90.13 85.65

IV. KET LUAN

Phuong phap théng ké ANOVA va kiém dinh T d4 dugc st dung va cho thiy cac tham sb dic trung phd déu
cho kha ning phan biét 4 cam xuc khac nhau cua tiéng Viét noi. Didu nay ciing dugc thé hién thong qua két qua nhan
dang cc cam xuc dya trén mé hinh GMM trong d6 cac tham s6 cua mé hinh 1& MFCC két hop véi cac dic trung phd.
Trong sb cac dic trung phd harmonicity, centre_gravity, stand_dev, skewness, kurtosis, mean, slope va stddevi, dic
trung kurtosis ctia phd to ra co anh huong quan trong hon dén ty 1& nhan dang dung cac cam xtic. Pbi véi 2 cam xuc
Buon va Tirc gidn, dic trung skewness cho ty 1¢ nhan dang ding cao hon ca. Ty 1¢ nhan dang diing ciing cao hon d6i
v6i 2 cam xuc Vui va Binh thuong khi str dung dic trung kurtosis. Két qua thir nghiém ciing cho thay viéc lya chon sd
thanh phan Gauss M cho mo hinh GMM cén phai dugc can nhic dua trén bo tham s6 dic trung ciia mo hinh va yéu cau
cu thé cua bai toan nhan dang cam xuc.
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Duogc su hd trg cia Trung tim Nghién ctru khoa hoc va Ung dung cong ngh¢ - Truong Dai hoc Su pham Ky thuét
Hung Yén, bai bdo nay di dugc hoan thanh. Nhom téc gia xin bay to sy cam on doi v6i Trung tim vé sy hd trg do.
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INFLUENCE OF SPECTRAL FEATURES OF SPEECH SIGNAL ON EMOTION
RECOGNITION OF VIETNAMESE

Dao Thi Le Thuy, Trinh Van Loan, Nguyen Hong Quang, Le Xuan Thanh

ABSTRACT: An important issue for speech emotion recognition systems is the need to extract appropriate features of speech
signals so that these features give the ability to differentiate efficiently different emotions. This paper uses the ANOVA method and
the T test for some of the spectral features of the Vietnamese emotion corpus to assess the ability based on these features to
distinguish the four basic emotions: happiness, sadness, anger and neutrality. Using the GMM model to identify the four emotions,
the test results showed that there were a different effect of each spectral feature on the exact recognition rates and the considerable
increase of exact recognition rates with the combination of MFCC and spectral features.



