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Cam xuc trong tieng noi va phan tich thong ke
ngir li€u cam xuc tiéng Viét
Speech Emotions and Statistical Analysis for Vietnamese Emotion
Corpus
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Abstract: Research on emotional speech has been
carried out for many languages over the world and for
Vietnamese, there was a beginning. This paper
describes some research results on main features of
four basic emotions: happiness, sadness, anger and
neutrality. Our preliminary research on emotions of
Vietnamese shows that in general anger and happiness
correspond to speech energy and fundamental
frequency higher than the one of neutral emotion, the
sad emotion has the lowest values for energy and
fundamental frequency. These comments come from
the statistical methods such as analysis of variance
(ANOVA) and Tukey'’s test applied for our Vietnamese
emotion corpus. The classifiers SMO, IBk, trees J48
have been used for preliminary identification of
emotions based on BKEmo corpus. The highest
recognition rate is 98.17% for the classifier IBk using
384 feature parameters and this rate decreases to
82.59% for the case using only 48 parameters relating
to the FO and intensity.

Keywords: Speech, emotions, Vietnamese, corpus,
ANOVA, Tukey’s test, fundamental frequency, speech
energy, recognition, SMO, IBK, trees J48.

I. GIOI THIEU

Tiéng noi ngay cang duogc sir dung rong rai trong
giao tiép giita nguodi va may. Viéce trao ddi thong tin
tiéng noi cling chuyén tir viéc phai st dung cac ciu
trac chat ché sang dung cac cach thic giao tiép linh
hoat hon, diéu nay gitip cho ing dung tiéng néi dugc
phé bién dén ngudi ding phd thong mot cach dé dang
hon. Sy linh hoat nay khong chi thé hién & viée su

dung cac cAu tric cau 1énh linh hoat ma con hudng téi
thé hién & cac cung bac cam xtic khac nhau trong giao
tiép ngudi may. Dé lam duoc didu nay, cac hé thong
tuong tac ngudi may cin dugc trang bi thém cac tinh
ning mai. Cac tinh ning nay bao gdm viéc phan tich
ndi dung cua dir liéu tiéng noi nhan duge dé léy ra cac
thong tin nhu: cam x0c trong cau 1énh, ndi dung cau
lénh r6i dua ra cac phan hdi v6i ndi dung va cam xic
phtt hop. Chinh vi vy nghién ctru vé cam xuc trong
tiéng noi tré nén rat quan trong trong linh vuc twong
tac nguoi may.

Hién nay, cac nghién ctru vé tiéng néi tiéng Viét
v6i giong tran thuét (binh thudng) da co nhiéu két qua
rat t6t. Trong khi d6 cac nghién ctru vé phuong dién
cam xtic trong tong hop hay nhan dang tiéng Viét chua
nhidu. Mot sé nghién ctru vé cam xuc tiéng Viét da
dugc cong bd thuong dugc thyc hién trén ngir liéu da
thé thirc, két hop video biéu hién khudén mit, cir chi va
tiéng néi voi tmg dung chu yéu dé téng hop tiéng Viét.
Chang han nghién ciru trong [23], [24] da thir nghiém
mo hinh hoa ngén diéu tiéng Viét véi ngit lidu da thé
thirc nham tong hop tiéng Viét biéu cam. Cac tac gia
ctia [20] da dé xuat mo hinh bién doi tiéng Viét noi dé
tao biéu cam trong kénh tiéng noi cho nhan vat 4o noi
tiéng Viét. Trong nghién ciru nay, ngit lidu c6 cam xuc
bao gdm cac phat 4m tiéng Viét ciia mot nghé si nam
va mot nghé si nir phat am 19 cau ¢ nam trang thai co
ban: tu nhién, vui, budn, hoi gian, rat gian. bPéi voi
nhan dang cam xuc tiéng Viét, nghién ciru [21] da s
dung SVM (Support Vector Machines) d& phan 16p
v6i ddu vao 1a tin hiéu dién ndo (EEG). Két qua cho
th.'?iy c6 thé nhan dang duoc trén thoi gian thyc 5 trang
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thai cam xuc co ban voi d§ chinh xéac trung binh la
70,5%. Mot sb tac gia Trung Qudc [28], [29] co két
hop v6i sinh vién Viét Nam xay dung ngir liéu cam
xuc tiéng Viét theo cach dong kich biéu 16 cam xc.
Nguoi noi 1a cac sinh vién Viét Nam, trong nghién ctru
[28] c6 2 nam, 2 nit, con trong [29] ¢6 6 ngudi ndi voi
6 cam xuc vui, binh thuong, buodn, ngac nhién, tic
gian, so hai. Céc tic gia ban dau da xay dung ngir liéu
véi v dinh nghién ciru chéo ngdén nglt Viét Nam va
Trung Qudc. Céac tham sb cia ngir liéu duge phén tich
phuc vu nhan dang cdm xtc bao gém cao do (pitch),
cac formant F1, F2, F3 va nang luong tin hi¢u. GMM
(Gaussian Mixture Model) da dugc st dung trong [28]
con MRF (Markov Random Fields) dugc sir dung
trong [29] dé nhan dang cam xc.

Nhiing tham s6 co ban nhat d& phan biét cac cam
xic bao gdm tan s co ban FO, ning lugng tiéng néi
[7]. Su phan biét nay co6 thé dugce xac minh thong qua
cach str dung cac phuwong phap phén tich va kiém dinh
gia thuyét thong ké. Bai bao nay s& trinh bay vé két
qua nghién ctu st dung phuong phap phan tich
ANOVA va kiém dinh T dé gioi thiéu phan thir
nghiém phan 16p cam xuc.

Noi dung tiép theo ciia bai bao gdm cac phan sau:
Phan II trinh bay vé cac tham s co ban dic trung cho
cam xuc trong tiéng noi; Phan IIl mo ta phuong phap
xdy dung ngir lidu tiéng Viét co cam xtic; Phan IV s
dung phuong phép phéan tich phuong sai ANOVA va
kiém dinh T dé dua ra két qua phan tich thong ké su
khéc biét cua cac cam xuc theo tan sb co ban FO va
ning lugng tiéng noi; Phan V trinh bay két qua thir
nghiém nhan dang cam xtc tiéng Viét; Phan VI tong
két va dinh hudng nghién ctru tiép theo.

Il.CAC THAM SO VE CAM XUC TRONG

TIENG NOI

Trong giao tiép thong thuong gilta ngudi véi
ngudi, ngoai ndi dung cia thong diép trao do6i thi
ngudi nghe ciing thu duoc rat nhiéu thong tin thong
qua cac cam xUc cua nguoi néi luc d6. Vi vay, trong
giao tiép ngudi may can phat trién cac hé thong tiéng
no6i ¢ thé xir Iy cac cam xic kém theo ndi dung can
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truyén tai. Cac muc tiéu co ban cta hé théng xir 1y
tiéng noéi c6 cdm xuc la nhdn dang cdm xuc thé hién
trong tiéng noi va tong hop cam xiic mong mudn trong
tiéng noi dé truyén tai ¥ dinh noi dung. Tir goc do ky
thuat, dé lam duoc didu ndy, can phai tim duoc cac
tham s dic trung vé cam xuc trong tiéng noéi néi
chung va trong tiéng noi tiéng Viét noi riéng. Sau do6
dua ra dugc cic md hinh téng hop, nhin dang tiéng
nodi c6 cam xuc.

Cam xuc cua con nguoi khong thé do luong mot
cach chinh xac bang cac phuong tién do dac binh
thuong. Vi vay, cac phuong phap phan tich nhan dang
va tong hop d6i voi cam xuc dit ra cac thach thuc ddi
vGi con nguoi ciing nhu d6i véi may tinh. Cowie va
Schroder d3 chi ra rang khong thé phan biét mot cach rd
rang cac loai cam xtc khac nhau [1]. Tuy nhién da co
rat nhiéu nghién ctru vé phan loai cam xtc trong tiéng
ndi va cac nha nghién ctru hién da dua ra hon 300 trang
thai cho nhitng cam xuc khac nhau [2], trong khi d6 co
tac gia lai théng ké 107 loai cam xac [30]. Lién hé véi
tiéng Viét cling d& thay dbi voi chi mot cam xtic dugc
coi 1a budn lai c¢6 thé dugc phan nhanh thanh budn b,
budn buyc, budn rudi ruei, budn thiu, budn ténh, v.v..
[31]. Ciing c6 nhidu tac gia théng nhit voi quan diém
cho ring mdt cam xuc bat ky c6 thé dwoc phan giai
thanh cac cam xtic co ban theo kiéu phan tich mau bét
ky thanh cac mau co ban. Cac cam xuc co ban la: tic
gian, chan ghét, so hii, vui, budn, ngac nhién [17].
Miwa va cOng su [18] da dinh nghia 6 cam xtic va gan
chung vao nhom bdn cam xuc chu yéu 1a: vui, budn, tirc
gién, binh thuong. Trong khudn kh bai béo nay, chung
t6i cling di theo hudng nhu vy bang cach tip trung vao
4 loai cam xuc mang tinh dai dién 1a vui, budn, tirc gian
va binh thuong.

V& mit sinh 1y cia co ché tao cam xic, nguoi ta da
phat hién ra rang véi biéu hién cta cic cam xuc hung
phén cao nhu gian dir, vui, s¢ hai, hé théng than kinh
s€ dugc kich thich lam cho tim dap nhanh hon, huyét
ap cao hon, co sy thay di trong hoi tho, ap suat khong
khi trong phoi ing voi phan dudi thanh moén 16n hon
va lam kho miéng. Két qua 1a tiéng noi s& to hon,
nhanh hon va ning lugng & pham vi tan sé cao 16n
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hon, trung binh tan sé co ban s& cao hon va pham vi
bién thién ciling rong hon [3]. Mt khac, ddi v6i nhiing
cam xuc hung phan thip nhu budn ba, hé than kinh
duoc kich thich gdy ra sy sut giam nhip tim, huyét ap,
dan dén tang tiét nude bot, ndi cham va tin sd co ban
s& giam voi nang luong tan sd cao 1a nho. Vi vay, cac
dac tinh &m hoc nhu pitch, nang lugng, nhip diéu, chét
luong giong néi, va tin hiéu tiéng noi c6 do tuong
quan l6n voi nhitng cam xuc chinh [4].

Vé mit k¥ thuét, c6 rat nhiéu nghién ctru dua ra céac
tham s6 khac nhau anh huéng dén cam xiic trong nhan
dang va tong hop tiéng néi, cac thong sb nay s& duogc
phan tich dé tim ra cac quy luat anh huong dén cam
xUc cua tung ngdn nglr khac nhau.

Pudng bao FO 1a mot thong s6 rat quan trong theo
nhitng nghién ctu cua [5], n6 dugc khéng dinh lai
trong cac nghién ctru vé tiéng Ptic cua Burkhardt va
Sendlmeier trong [6] va tiéng Ha Lan cia
Mozziconacci va Hermes trong [7].

Thoi han 13 mot trong nhitng tham sé anh hudng
nhiéu nhat dén cam xtc theo Cahn [8] va cung két hop
v6i dudng bao FO 1a dii dé phan biét cac cam xuc binh
thudng, vui, budn, gian dit, chan nan, so hii va phan
no trong tiéng Ha Lan [9]. Nghién ctru trong [10] ciing
tham khao mdi quan hé giita dudng bao FO, toc do
phat 4m, cudng d6 va cao do anh huong dén tiéng noi
téng hop c6 cam xtc trong ngdn ngit Malayalam.

Pic tinh phd di duoc sir dung thanh cong cho céc
nghién ctru tiéng noi khac nhau nhu phat trién hé
thong nhan dang tiéng néi va nhan dang ngudi noi.
Nghién ctru cho thdy cac dic tinh MFCC (Mel-
Frequency Cepstral Coefficients) bac thap hon s&
mang thong tin vé& 4m vi trong khi d6 cac dic tinh bac
cao thi chtra cac thong tin khong phai vé tiéng noi. T6
hop cac hé sé6 MFCC, LPCC (Linear Predictive
Cepstral Coefficients), RASTA PLP (Relative Spectral
Transform - Perceptual Linear Prediction) va cac hé s6
logarit cta cong sut dbi véi tan s6 di dugc xem la tap
cac dic diém dé phan loai cac cam xtc: tirc gian, chan,
binh thudng, vui, budn trong tiéng phd thong Trung
Quéc [11]. SVM ciing duoc dung dé nhan dang 3 cam
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xuc vui, budn, binh thuong cia tiéng Trung Quéc [16]
st dung cac tham s6 nhu nang luong, tan sb co ban,
LPCC, MFCC va MEDC (Mel-Energy spectrum
Dynamic Coefficients). [17] sir dung cic tham sb
LPC, MFCC véi thuat giai OSALPC (linear prediction
of the causal part of the autocorrelation sequence
algorithm) cho m6é hinh GMM (Gaussian Mixture
Model) trén ngit liéu tiéng Ptrc (Emo-DB) dat duoc do
chinh x4c trung binh 89% cho 7 cam xuc. Cac tham sd
st dung cho mé hinh GMM va K-NN (K-Nearest
Neighbor) gom: cac hé sé MFCC, dic trung song con
clia tiéng noi va tan sd co ban FO ciing dugc nghién
ctru trong [25] thuc hién d6i véi ngir liéu tiéng Puc.
Mang no-ron sau [19] da dugc st dung voi cac tham
s6 MFCC, cac dic trung lién quan cao d6 nhu chu ky
co ban, HNR (Harmonics-to-Noise Ratio) va chénh
léch cua cac tham sb nay giita cac khung tiéng néi dé
nhan dang cam xuc trén dit liéu da thé thic IEMOCAP
(interactive  emotional dyadic motion capture
database).

V& mit 4m hoc, nhiéu nghién ctru da khang dinh co
thé nhan thdy va luong héa cam xuc trong tiéng néi
bang cach phan tich cac tham s6 nhu tin sé co ban FO,
cuong do va thoi han. Vi dy, cac am tiét co trong am
¢6 tan sd co ban cao hon, bién d0 16n hon va thoi han
dai hon so véi cac am tiét khong c6 trong am. O mirc
cam thy, song tiéng néi di vao hé thng thinh gidc cua
nguoi nghe, thong qua ngdn diéu va qua trinh xi ly
cam nhan cam thy ma sinh ra cic thong tin vé ngdn
ngit va thong tin dong hanh véi ngdn ngit. Day cac dic
diém ngodn diéu theo tirng khung dugc trich rat tir cac
doan tiéng noi dai hon nhu tir va ciu ciing dugc ding
dé ddc trung cho cic cam xific c6 trong tiéng noi.
Thong tin FO dugc phan tich dé phan loai cam xuc va
két qua cho théy gia tri cuc dai, cuc tiéu, trung binh
ctia FO va duong bao FO 1a cac dic trung ndi bat cho
cam xuc. P chinh xac nhan dang cam xuc dat dugc
vao khoang 80% khi su dung cac dac tinh FO da néu
cung voi bd phén 16p lang giéng K gan nhét [12].

Cac dac tinh ngdn di¢u dugc trich rat tir cac don vi
ngdn ngit nhé hon nhu cac am tiét v6i phu 4m va
nguyén 4m ciing dwgc dung dé phan tich cam xic.
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Tam quan trong cta duong bao ngdn diéu dan toi cac
nglt canh c6 cam xac khac nhau da dugc nghién ciru
[13]. Cac cuc dai va cuc tiéu dbi véi tan sd co ban,
cuong do, thoi han cua khoang dimng, cac dot bién da
duoc dé xuit dé dinh danh 4 cam xtic nhu: s¢ hii, tirc
gian, budn va vui [14].

I1l.  XAY DUNG NGU LIEU CAM XUC

TIENG VIET

Theo thong ké cia [22], dd c6 nhiéu dir liéu cam
xuc dugc xdy dung cho cac ngon ngir khac nhau trén
thé gidi v6i s6 lwong dir liéu twong tng duoc dit trong
ngodc don nhu sau: Anh (43), Phap (5), Btc (14), Nga
(1), Trung Qudc (11), Nhat (6)...Trong sb cac dit liéu
nay, c6 mot sb dit liéu duogc xay dung déng thoi cho 2,
3 hodc 4 ngoén nglr khac nhau.

pé xay dung ngtr li€u cam xtc, co thé thuc hién
theo cac phuong phap nhu: ghi 4m truc tiép cac ddi
thoai ty nhién, xay dung kich ban sao cho cac dbi
thoai dugc cac nhan vt tuy bién cam xuc theo tinh
hudng, ghi am tryuc tiép giong cac nghé si dién dat cac
ndi dung theo yéu cau biéu dat cam xuc cho trude.
Trong sb cac phuong phap ndy, phuong phap ghi 4m
giong cac nghé s biéu dat cam xtc cho trudc la
phuong phap cho phép xay dung dugc ngilr li¢u thuan
loi hon theo thiét ké dinh sin [26], d& dat duoc s6 16n
ngit liéu déng nhét, tir d6 thuén tién cho viée phan tich
x4c dinh tham sé dic trung mot cach tin cdy. Vi vay,
phuong phap nay da duoc ching t6i lya chon dé xay
dung bd ngit liéu cam xuc tiéng Viét BKEmo. Véi
muc tiéu chinh 14 phan tich tip trung vao bdn cam xuc
co ban vui, budn, tic gian va binh thuong, kich ban
thu 4m dugc xdy dung phi hop va yéu cdu nguoi néi
thé hién tap trung vao bdn loai cam xuc ndy mot cach
tot nhat.

Kich ban thu am dwoc xay dung gdm 55 cau theo
cac tiéu chi sau:

e Noi dung gdm cac ciu cam than biéu 16 duoc ca 4
cam xuc khi noi, cac cau binh thuong khong cé cac tu
ngit cam than, biéu cam mit cam xic. Vi cic cau
khong c¢6 tur nglt cam than (vi du: “Vuon hoa truoc
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nha”, “Truong Pai hoc Bach khoa Ha Ngi”...) nguoi
ndi sé tap trung dugc vao vigc biéu 16 cam xuc ma
khong bi anh huong bdi ndi dung cia cau ndi. Véi loai
ciu c6 cam than (vi du: “Thdt a1, “Cé heong roil”....)
s& gitup phan tich dugc nhiéu tham s6 cam xtic va cac
tham s6 phu anh hudng dén cam xtc do;

e Kich ban co cac t6 hop tir (vi du: “Thdt d”) va
cac cau cau ngan (vi du: “Vuon hoa trude nhd”), ciu
dai (vi du: “4, anh ddm dn néi véi bé thé a'”) nham
muc dich phén tich dugc anh hudng cia cac tham sé
trén mat tu riéng 1é hay trén ca cau;

e Kich ban ¢b géng Iwra chon cac cau sao cho co
cang nhiéu 4m tiét co ban cia tiéng Viét cang tot.

Ngir lidu duge thu trong phong thu am, 1ong tiéng
chuyén nghiép v6i hé thong cach am, loc nhidu tét.
Mbi cau dugc luu thanh mot file wav, tin hiéu thu
dugc 14y mau & tdn s6 16000Hz va 16 bit cho mot
mau. Mdi cau duge noi lap lai 4 1an cho mdi cam xuc.
Moi giong néi s& thu dugc 220 file cho mot cam xuc.
Dir lidu thu duge gom co 52800 file véi téng dung
luong 1a 2,68Gb.

C6 56 giong dugc thu 4m, gdm 28 nit va 28 nam la
cac dién vién, nghé si 1dng tiéng chuyén nghiép, duoc
lra chon theo cac tidu chi: c6 do tudi trai déu tir 18
dén 60 tudi, c6 phan bd can bang giita giong nam va
giong nit, c6 kinh nghiém va biéu dat tdt, 16 rang cam
xac khi no6i. Kich ban thu dugc sip xép khong xut
hién theo quy luat cy thé dé nguoi noi co thé bidu 16
cam x0c tot nhat. Nguoi noi dugce huén luyén biéu
dién mdi cam xtic theo mot cach théng nhét (cting mot
kiéu vui, cing mot kiéu budn..) d& nhan ra hay dé biéu
16 nhit dé tranh tinh trang dit liéu gdm rat nhidu cach
biéu 16 khac nhau nhung moi loai lai chi c6 vai cau
gdy kho khan trong viéc tim quy luét.

Dir liéu thu xong duoc xur 1y trudc bang cach sir
dung coéng cu cat bo hét khoang ling & dau va cudi
cau, nghe nhanh mot luot dé loai bo cac cau bj 15i
trong qua trinh thu hodc cit tu dong.
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IV. PHAN TiCH VA PANH GIA MOQT SO
THAM SO VE CAM XUC TRONG TIENG
VIET NOI
Bai bao st dung phan tich phuong sai ANOVA va

kiém dinh T (Tukey’s test) dé danh gia sy bién thién

vé tan s6 co ban FO trung binh va ning luong trung
binh cta cac cam xuc trong ngit liéu cam xac tiéng

Viét di dugc xdy dung. Mit khac, dé lay cic mau

tham gia phan tich thong ké, chiing toi dung 2 phuong

phap: phuong phép kinh nghiém chu quan trong do
chi dong lya chon cac mau la cac nghé si dugc biét
ndi tiéng, rat co kinh nghiém 10ng tiéng cho phim va
phuong phap cam nhan thyc té trong d6 dung nguoi
nghe dé lwa chon cac miu di dwoc phat am phu hop

v&i cam xtic quy dinh.

IV.1. Phin tich phwong sai ANOVA va kiém dinh

T

IV.1.1. Phdn tich phwong sai ANOVA
Phuong phéap nay thyc hién so sanh cac gia tri

thdng ké (gia tri trung binh) cua nhiéu tap hop dir liéu.

Gia sir I 1a s6 tap hop dit liéu can so sanh. uy, ..., 4 14

céc gia tri ky vong cuia timg tap hop. Khi d6 gia thuyét

can kiém dinh Ho: 1 - g - .y (1). Gia thuyét dbi lap

s& 1a H,: it nhét 1 trong 2 gia tri u; khac nhau.

Phuong phap ANOVA [15] dé kiém dinh gia
thuyét nay bao gdm:

e Tinh trung binh binh phuong gitta cac tidp hop
MSTr (Phuong trinh 1). Trong phuong trinh 1, 1 1a s6
tap hop va J 1a sb gia tri do cho mdi tap hop. X; 1a gia
tri trung binh trén mau i, X 1a gia tri trung binh trén
toan bo dir lidu.

MSTr = L %, (X; - X)? (1)

e Tinh trung binh binh phuong 16i MSE (Phuong
trinh 2). Trong phuong trinh 2, S? 1a phuong sai mau
thir i.

SZ24+5%+--+ S}

MSE = - (2
e Gia tri thong ké cho kiém dinh: F = MSTr/MSE.
Gia tri nay c6 phan bb F véi (I — 1) bac ty do & tir s6
va I(J — 1) bac tr do & miu s6. Khi d6 véi muc ¥
nghia a, vung loai bo s¢ la: f > Fa, I — 1, I(J — 1).
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P-value chinh 1a phan dién tich & phia dudi duong
cong F ndm bén phai gia tri trén.
IV.1.2. Kiém dinh T

Khi phan tich phuong sai ANOVA da cho két qua
1a loai bo gia thuyét Ho, tirc 12 s& ¢ cac cip gia tri ky
vong cua cac tap hop khéac nhau; khi d6 ching ta s€
can biét chinh xac day 1a nhing cip gia tri nao. Mot
trong nhitng phuong phap dwoc sir dung phd bién la
kiém dinh T (Tukey’s test [15]). Phuong phap nay sir
dung phan phi Student dé danh gia cac gia tri u; - ;.
Khoang tin cdy cua gia tri nady dugc mo ta & phuong
trinh 3 v&i Qg -1y 12 gid tri ciia phan phéi Student tai
muc y nghia a.

X - X] —Qaqrig-1 S M —Hj < X - X] + Qar1¢-1) 3)

Ngoai ra P-value ciing duogc tinh cho cac truong
hop nay.

IV.2. Phén tich su bién thién FO giira cac cam xic

Praat [27] d& duoc st dung dé tinh FO. Gia tri FO
dugc tinh trung binh trén timg cau tiéng noi (mdi cau
duge nguoi néi thé hién bang mot cam xic cu thé).
Céc gié tri FO trung binh nay s& duoc thé hién bang d6
thi box-plot, va dugc phén tich théng ké bang phuong
phap phan tich phuong sai ANOVA sau d6 dugc kiém
dinh lai bang phuong phap kiém dinh T.

Theo kinh nghiém chi quan, bon nghé si rat ndi
tiéng gdm hai nghé si nam B.K (50 tudi), H.P (40 tudi)
va hai nghé si nit T.T.H (34 tudi), B.H.G. (38 tudi) da
duoc lwa chon dé danh gia. Cac nghé si nay ciing trong
s 56 nghé si tham gia thu 4m. Mdi cam xuc dugc
timg nghé si thé hién trong 55 cau, 4 lan (220 file dit
lidu cho timg cam xuc). Hinh 1 mé ta dd thi box-plot
phan bd cua céc gia tri FO trung binh theo 4 cam xc.

Hinh 1 cho thdy tin s co ban FO trung binh cho
cam xtc budn 1a thap nhét, tiép theo 1a cam xuc binh
thuong. Cam xtic tuc gian va cam xuc vui c6 FO 16n
hon so voi cam xtc budn va cam xtc binh thuong.
Cam xuc tirc gidn co gia tri FO trung binh 16n nhét.

Phuong phép phéan tich phuong sai ANOVA da
duoc sur dung dé kiém dinh lai nhan xét trén, gia tri F
va P-value dugc cho trong Bang 1.
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Hinh 1. D4 thi box-plot phan bd cua cac gia tri FO trung
binh theo 4 cam xuc cua nghé si B.K. (bén trén) va H.P.
(bén dudi)

Bang 1. Gia tri F va P-value cua phan tich phuong sai
ANOVA cho cac giong nam va nit vdi tan so co ban
FO trung binh va nang luong trung binh

Tdp V-1, 86 15 (35), thang 6/2016

0,9). Piéu nay ciing phu hop v6i Hinh 1. Cam xuc tic
gidn va cam xuc budn co6 do chénh léch FO cao nhat,
khoang tin cay cho su sai Iéch 1a (92,9 Hz, 107,9 Hz).

Bing 2. Két qua phan tich kiém dinh T vé tan sb co
ban FO cho giong cua nguoi néi T.T.H va B.K.

FO trung binh ctia T.T.H.
el Gia tri Gia tri
Gia tri N P
Wy — Uj : dwéi cta | trén cua P-
trung R .
) khoang | khoang | value
binh RN N
tin cay tin cay
Budn — BT -75,2 -80,7 -69,3 =
Tac - BT 64,7 59,1 70,3 =
Vui - BT 104,8 99,3 110,3 =~
Ttc —Budn | 139,9 134,4 145,4 =0
VUi — Budn 179,9 174,4 185,5 =0
Vui — Tuc 40,1 34,6 45,6 =~
FO trung binh ciia P.K.
el Gia tri Gia tri
Gia tri re o A o
Wy — Uj * dwéi cia | trén caa P-
trung R .
X khodng khoang | value
binh . A A
tin cay tin cay
Budn — BT -2,0 95 55 0,9
Tac - BT 98,3 90,9 105,9 =
Vui - BT 67,2 59,7 74,8 =
Ttc —Budn | 100,4 92,9 107,9 =~
VUi — Budn 69,3 61,7 76,8 =~
Vui — Tie -31,2 -38,7 -23,6 =0

. Nang lwong

Nguwoi FO Trung binh trung binh
noéi Gia | P-value: | Giatri | P-value:

tri F Pr(>F) F Pr(>F)

b.K. 586,93 | <2,2.10%° 111,2 <2.2.10%
H.P. 2931,7 | <2,2.10% | 188,25 | <2,2.107%
TTH. | 26811 | <2,210% | 22343 | <2,2.10%
B.H.G. | 25434 | <2,2.10% | 100,05 | <2,2.107%

Béang 1 cho thiy gia tri P-value rat nho, nhu vay
gia thuyét Ho bi loai bo véi tat ca cac mirc ¥ nghia
quan trong.

Pé danh gia sy khac biét giira cac gia tri FO trung
binh ctia cic cam xuc khac nhau, kiém dinh T vo1 mure
v nghia 95% da duoc st dung. Két qua duoc cho &
bang 2.

Bang 2 cho thiy c6 su khac biét vé gia tri FO trung
binh giita tit ca cac cam xuc voi nhau ngoai trir giira
cam xic budn va cam xuc binh thuong (P-value =

Hinh 2 mo ta do thi box-plot phan bd cua céc gia tri
FO trung binh theo 4 cam xtc cia 2 giong nit da chon.

Hinh 2 cho thiy ciing nhu voi giong nam, cam xitic
tlrc gidn va cam xuc vui cua giong nit cling cd FO 16n
hon so véi cam xuc budn va cam xtc binh thudng.
Tuy nhién voi giong nit, cam xuc vui lai c6 FO 16n hon
s0 v&i cam xuc tirc gian.

Dé danh gia sy khac biét giita cac gia tri FO trung
binh cta cac cam xtc khac nhau, kiém dinh T véi miac
¥y nghia 95% da dwoc str dung. Tir Bang 2 c6 thé thay
c6 su khac biét vé gia tri FO trung binh giita tit ca cac
cam xtic v6i nhau. Piéu nay ciing phtt hop véi Hinh 2.
Cam xtic vui va cam xac budn c6 do chénh léch FO
cao nht, khoang tin cay cho su sai 1éch 1a (174,4 Hz,
185,5 Hz).
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Hinh 2. D) thi box-plot phan bd cac gia tri FO trung binh
theo 4 cam xtc cta ngudi noéi T.T.H. (dudi) va B.H.G.
(trén)

IV.3. Phin tich su bién thién ning lwong giira cac
cam xuc

Gia tri ndng lugng dugc tinh trung binh trén tung
cau ndi, duge thé hién b::ing dd thi box-plot va duoc
kiém dinh bang phuong phap phan tich phuong sai
ANOVA va kiém dinh T.

D6 thi box-plot phan bd ning lugng ciia nguoi noi
b.K. va T.T.H.cho trén Hinh 3.

Hinh 3 cho thay v&i gigng nam van c6 su phan biét
rd rét v& mit ning luong gilta cic cam xuc vui/tic
gian so véi cac cam xac binh thuong/budn.

Két qua phan tich ANOVA trong Bang 2 cho thdy
van c6 sy khac biét vé mit ning luong trung binh giira
céc cam xuc nay. Tuy nhién, dai bién thién ciia ning
luong cua timg cam xuc kha rong. Do d6, khong thé
hién dugc sy tach biét gitra cac cam xdac nhu trong
trudng hop tin sé co ban FO.

Tdp V-1, 86 15 (35), thang 6/2016
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Hinh 3. D6 thi box-plot phan bd ciia cc gi tri nang lugng
trung binh theo 4 cam xuc ctia nguoi néi B.K. (trén: giong
nam) va T.T.H. (duéi: giong ni¥)

Kiém dinh T v6i muc y nghia 95% duoc st dung
dé danh gia su khac biét giira cac gia tri ning luong
trung binh cta cac cam xtic khac nhau. Két qua duoc
cho ¢ Bang 3.

Bang 3 cho thdy c6 su khac biét vé gid tri ning
luong trung binh giira tit ca cac cam xuc voi nhau
ngoai trir gitra cam xtic budn va cam xuc binh thuong
(P-value = 0,22) va gifra cam xdc vui va cam xuc tic
(P-value = 0,47). Diéu nay ciing phit hop véi Hinh 5
va nhan dinh & trén. Cam xdc vui va cam xuc binh
thuong c6 d6 chénh léch ning lwong cao nhit, khoang
tin cdy cho su sai 1éch 1a (5,34 dB, 8,09 dB).

Tir Hinh 3 ciing c6 thé thdy véi nir gidi, cac cam
xuc khong dugc thé hién rd rang qua gia tri ning
lugng trung binh. Chang han, cam xtc binh thuong lai
c6 nang lugng trung binh cao hon so vdi cam xtic vui.
Phén tich ANOVA (Bang 4) van cho thiy c6 thé phan
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biét gilta cac cam xuc vdi nhau dya trén gia tri nang  gian. Ngoai ra cling ¢6 sy phan biét rat ro vé tan so FO
lugng. gitta cdm xuc buodn/binh thudng so vdi cam xtic

Bang 3. Két qua phan tich kiém dinh T vé ning luong vui/tire gian.

trung binh cho giong ctia B.K. (nam) va T.T.H. (ni)

Tir Bang 3 ta thdy c6 su khac biét vé gia tri ning
lwong trung binh gitra tit ca cac cam xuc véi nhau
ngoai trir gitta cam xuc tic va cam xuc binh thuong
(P-value = 0,99). Piéu nay ciing phu hop véi Hinh 3.
Cam xtic budn va cam xuc tic gian c6 do chénh léch
nang lugng cao nhét, khoang tin cdy cho su sai 1éch la
(7,45 dB, 9,42 dB).

IV.4. Phwong phap cam nhén thuc té

Phan nay trinh bay cac két qua kiém dinh theo
phuong phap cam nhan thuc té bang cach thuc hién
nghe lai va danh gia truc tiép dé xac dinh nhiing cau
no6i thé hién duge dung cam xic theo yéu cau. Trung
binh mdi cam xtc cho mdi gi¢i tinh co khoang 500
cau dugc danh gia vdi 5 nguoi néi cho mdi gidi tinh
duoc 1y ngiu nhién.

Ttr Hinh 4 ¢6 thé nhédn thiy cac cam xuc co su tap
trung tdt tai mot ving nhét dinh: nang lugng 1a bd
tham so rat tot dé phan biét giita cam xic budn va cam
xuc binh thuong, gifta cam xuc vui va cam xuc tlc

o _| R "
Ning lwgng trung binh cia T.T.H © -+ Binh thuong
Giati | Gitri | Gid i o | . Vui
i — W * | dwéicua | trén cia P- - TUE gian
trung . . [=a) Buodn
X khoang | khoang | value T 9o |
binh N . oA - ©
- tin cay tin cay o
Buon - BT -8,49 -9,48 -7,50 = g B
Tac — BT -0,06 -1,04 0,93 0,99 ) -
Vui— BT -425 | 523 -3,26 = 5 ¥ .
Tuc — Budn 8,43 7,45 9,42 = o |
Vui-Buon | 424 3,26 5,23 = “
Vui — Tac -4,19 -5,17 -3,20 = Q 4
Ning lwgng trung binh cia D.K. | | | | |
Gid tri Gia tri Gia tri 100 150 200 250 300
ia tri P AL 2
Hi — Hj trung dwdi cia | trén cua P- o
Y9 | hoang | Kkhoang | value Tan sé co ban FO (Hz)
binh s A A
tin cay tin cay
Bu6n - BT -1,02 -2,39 0,35 0,22 + Binh thwong
Tac — BT 5,94 4,56 7,31 ~ 2 * Vui
Vui - BT 6,71 5,34 8,09 = — © T gian
Ttc—Budn | 6,96 5,59 8,33 = S 2 Budn
Vui—Buon | 7,74 6,36 911 = o
Vui — Tire 0,77 -0,61 2,14 0,47 g B
)
c
@
=

40

30

150 250 350

Téan sé co ban FO (Hz)

Hinh 4. D) thi phan bd diém ciia cac gia tri FO trung binh
so v&i nang lugng trung binh theo 4 cam xuc cua gigong nam
(trai) va giong nit (phai)

Tur Hinh 5, tan sb FO trung binh ctia cam xtc binh
thuong va cam xic budn c6 xu huéng nho hon so vai
cam xuc tirc gidn va cam xtc vui. O giong nam, FO
trung binh clia cam xtc tic gian 16n hon so voi cam
xUc vui, va ngugc lai ¢ giong n.

Phuong phédp phan tich phuong sai ANOVA da
duoc thuc hién trén tan s6 FO trung binh va nang
lwong trung binh. Két qua trong Bang 4 cho thay c6 su
khac biét cua cac tham sb nay trén cac cam xuc.
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Bang 4. Gia tri F va P-value ctia phan tich phuong sai
ANOVA cho cac giong nam va nit voi FO trung binh
va nang lugng trung binh
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Hinh 5. D4 thi box-plot phan bd cua cac gia tri FO trung
binh theo 4 cam xuc cta gigng nam (trén) va giong nit
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Hinh 6. D) thi box-plot phan bd céac gi4 tri ning lugng
trung binh theo 4 cam xtc, giong nam (trén) va giong nir

(dusi)

FO
Gisi tr‘ung Nang lwgng trung binh
tinh binh
Gia tri | P-value : | Gia tri | P-value:
F Pr(>F) F Pr(>F)
Nam 2049 | <2,2e-16 | 427,94 | <2,2e-16
Nir 3277,7 | <2,2e-16 | 132,65 | <2,2e-16

Bang 5. Két qua phan tich kiém dinh T vé FO trung
binh va nang lugng trung binh cho giong cua cac

giong nam
Néng lwgng trung binh
Gia Gia tri Gia tri
Ui — 1y tri | dwéicia | tréncia P-
trung | khoédng khoing value
binh tin cdy tin cay
Buon - BT | -17,6 -19,4 -15,7 =
Tac - BT -19,9 -21,8 -18,0 =
Vui— BT 2,49 0,23 4,77 0,0242
Thc —Buon | -2,35 -4,17 -0,54 0,0048
Vui—Buon | 20,1 17,9 22,3 =
Vui —Tuc 22,4 20,2 24,6 ~
FO trung binh
Gia Gia tri Gia tri
Ui — Uj tri dwédi caa | trén cua P-
trung | khoédng khoing value
binh tin cay tin ciy
Buon - BT | -19,1 -23,2 -14,9 =
Tac -BT 90,4 86,3 94,5 =
Vui— BT 60,2 55,2 65,1 ~
Ttrc —Buon | 109,5 105,5 113,4 ~
Vui—Buon | 79,2 74,4 84,0 ~
Vui -Tuc -30,2 -35,1 -25,4 ~

Kiém dinh T dugc thuc hién dé danh gia sy khac
nhau cta cac tham so trén gilta cadc cam xuc. Két qua

ctua giong nam dugc md td & Bang 5 va cta giong nit

dugc mo ta & Bang 6.

Két qua trong Bang 5 cho thy ¢ su phan biét rat

rd rét vé FO gilta cac cam xuc cho ca giong nam (P-

value =0). FO trung binh giita cam xuc tirc-budn cao
nhét v6i khoang tin cdy (105,5Hz, 113,4Hz). Nhu vay,
lya chon mau theo danh gia cam nhan cho két qua
phén biét cam xuc chinh xac hon so véi lua chon mau
theo kinh nghi€ém chi quan. Tuy nhién, v4i nang
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luong thi vin c¢6 nhimg gia tri P-value dang ké (vi du
0,0242), nhu vay sé khong thé phan biét duoc 2 cam
xUc nay voi muc y nghia 0,01.
Béng 6. Két qua phan tich kiém dinh T vé FO trung
binh va nang luong trung binh cho giong cua cac

giong nit
Néng lwgng trung binh
Gia Gia tri Gia tri
Hi — Uj tri duoi cia | trén cia P-
trung | khoang khoang | value
binh tin cdy tin ciy
Buon - BT | -11,4 -13,6 -9,2 =0
Téc — BT -14.9 -17,1 -12,7 =0
Vui - BT -5,3 -71,5 -3,1 =
Téc —-Buon | -3,5 -5,3 -1,7 =
VUi —Budn 6,1 4,3 7,9 ~
Vui —Tirc 9,6 7,8 114 =
FO trung binh
Gia Gia tri Gia tri
Hi — Uj tri dwéicia | trén cua P-
trung | khoang khoang | value
binh tin cy tin cdy
Buon — BT -3,5 -8,2 1,2 0,22
Tc -BT 93,4 88,7 98,2 =
Vui -BT 125,6 120,9 130,4 =
Tirc —Buon | 96,9 93,1 100,7 =
Vui —Buon | 1291 | 1252 133,1 =
Vui —Tic 32,2 28,3 36,1 =

V6i giong nir, két qua ¢ Bang 6 cho thiy khong co
su phan biét & rét vé FO trung binh giira cam xac
budn va cam xuc binh thuong (P-value = 0,22). FO
trung binh giira cam xtc vui va budn cao nhat véi do
tin cdy (125,2Hz, 133,1Hz).

V. THU NGHIEM NHAN DANG CAM XUC

TIENG VIET

Véi bo nglr liéu cam xuc tiéng Viét BKEmo, cac
bd phan 16p SMO, 1Bk, trees J48 da dugc thir nghiém
dé nhan dang cam xtic. Cac b phan 16p nay thude
cong cu Weka gdm tip hop cac thut giai hoc may
dung cho khai pha dir liéu do Pai hoc Waikato,
NewZealand phat trién [34]. SMO (Sequential
Minimal Optimization) [32] 1a thuat giai toi wu hoa
cuc tiéu 1an luot dé huin luyén bo phan 16p hd tro véc-
to dung kernel da thirc hodc Gauss. 1Bk 1a bo phan 16p
k lang giéng gan nhat str dung d6 do khoang cach Oclit

Tdp V-1, 86 15 (35), thang 6/2016

[34]. B6 phan 16p trees J48 [33] duoc dung dé c6 cac
luat tir cic cdy quyét dinh riéng phan di duoc xay
dung bang cach sir dung J48. J48 1a cai dit ma ngudn
mé Java cua thuat giai C4.5 va thuat giai nay duoc
dung dé tao cay quyét dinh do Ross Quinlan phat trién
Ngir liéu dung cho thir nghiém goém 5584 file twong
ung voi 4 cam xuc duge 16 nghé si (8 giong nam va 8
giong nit) thé hién. S6 file nay dugc chia lam 2 phan
bang nhau, mot phan dung dé huén luyén va phan con
lai dung cho nhan dang. Thir nghiém nhén dang dugc
thuc hién theo phuong phap danh gid chéo (cross-
validation). B6 tham s6 dic trung dugc trich rat nho
cong cu OpenSMILE [35] v6i 384 tham sé bao gom:
nang lugng, MFCC, ti 1€ bién thién qua tryc khong,
tan sd co ban FO, xac suit xuit hién 4m hitu thanh.
Céc tham sb nay lai dugc danh gia theo gid tri cuc dai,
cuc tiéu, vi tri xudt hién cuc dai, vi tri xuit hién cuc
tiéu, dai gia tri, gia tri trung binh, do léch chuan, do
léch phé $0 v6i tan s trung binh (Skewness), do khac
biét phd quanh tim phd so véi phan bd Gauss
(Kurtosis).

Béang 7. Ma tran nham lan nhan dang cam xuc voi

384 tham sb
B phin lop Tic Vui BT Budn
Tic 1341 51 4 0
Vui 41 1342 13 0
SMO BT 4 8 1300 | 84
Budn 3 11 75 1307
Tic 1383 9 2 2
IBK Vui 13 1380 1 2
BT 0 0 1367 | 29
Budn 0 1 43 1352
Tire 1084 225 62 25
Trees | Vui 216 1103 54 23
J48 BT 61 58 1128 | 149
Budn 19 25 164 | 1188

Bang 7 la ma tran nham 14n nhan dang cam xuc
ding bo 384 tham sd con Bang 8 1a ma tran nham 1an
nhan dang cam xuc chi ding cac tham sb lién quan
dén FO va ning luong. Két qua trén ca hai bang déu
dung cac bd phan lop SMO, 1Bk, trees J48. Bang 7 cho
thiy ti 1¢ nhan dang dang trung binh cao nhét cho ca 4
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cam xuc dat 98,17% véi bd phan 16p 1Bk con ti 1¢
nhan dang diing trung binh thap nhat 14 80,64% vé&i bd
phan 16p trees J48. D6i voi Bang 8, khi sd tham sb
giam xubng chi con 48 tham sb lién quan dén FO va
nang lugng, ti 1€ nhén dang dung déu giam so voi
Bang 7 tuy nhién van giit quy luat ti 1¢ nhan dang
dung cao nhat cho bd phan 16p 1Bk va thip nhat cho
bd phén lop trees J48. Truong hop chi sir dung cac
tham sb lién quan dén FO va ning luong, ti 1& nhan
dang dung trung binh cao nhit giam xubng con
82,59% va ti 1¢ nhan dang dung trung binh thap nhat
giam xudng con 75,25%. Nhin chung, cic két qua nay
déu kha quan so v6i mot s6 két qua nhan dang cam
xuc tiéng Viét di duoc cong bd [28], [29] hodc két qua
nhan dang cam xuc ctia mot s6 ngdn ngir khac [36-39].

Bang 8. Ma trén nham 14n nhan dang cam xtc voi 48
tham so lién quan dén FO va nang luong

B¢ phan 16p Tirc Vui BT | Budn
Tire 1144 178 53 21
Vui 182 1103 100 11
SMO g+ 31 99 | 903 | 363
Budn 14 33 156 | 1193
Tire 1186 144 45 21
IBK Vui 139 1174 63 20
BT 30 50 1093 | 223
Budn 21 13 203 | 1159
Tire 1084 218 70 24
trees Vui 227 1052 99 18
J48 BT 77 92 969 | 258
Budn 17 33 249 | 1097

VI.  KET LUAN VA HUONG PHAT TRIEN

Trong bai béo nay, cac tham sb co ban cia cac cam
xuc, viée xay dung ngir liéu cam xuc cho tiéng Viét,
sir dung phan tich phuong sai ANOVA va kiém dinh T
dé danh gia sy bién thién FO va ning luong trung binh
gilta cac cam xuc da dugc trinh bay. Két qua phén tich
cho thay tan s6 co ban FO 1a mot tham sé déng tin cay
dé phan biét giita cic cam xuc. Nang luong ciing 1a
mot tham s6 hiéu qua vé phéan biét cam xiic, phan anh
rd nét trén nam gidi hon so voi trén nir gisi. Trong sb
cac b phan 16p dugc sir dung dé thir nghiém budc dau
nhan dang cam xuc theo bg nglr li€u BKEmo, bd phan

Tdp V-1, 86 15 (35), thang 6/2016

16p IBK cho két qua nhan dang tot nhat. Huéng nghién
ctru tiép theo cua chiing t6i 13 tap trung vao phan tich
anh huong dén cam xtic cia cac tham sd nhu truong
dd, toc do noi cling nhu mot s6 tham s6 khac lién quan
dén nguon am va tién hanh nhan dang cam xuc tiéng
Viét dung cdc mo6 hinh nhan dang khéc nhau sir dung
ngtr liéu da dugc xay dung. Bén canh d6 s€ mod rong
nghién ctru cho cac hinh thai cam xtic da dang hon.

LOI CAM ON

Bai bao nay dugc thuc hién trong khudn kho dé tai
nghién ciu “Xay dung bd ngit lidu cam xtc tiéng
Viét” cua Truong Pai hoc Bach khoa Ha Noi. Cac tac
gia chan thanh cam on Trudong Pai hoc Bach khoa Ha
Noi, Phong Khoa hoc Cong nghé¢, Vién Cong nghé
Thong tin va Truyén thong da hd trg dé ching t6i co
thé thyc hién thanh cong dé tai.
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