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THIET BI TONG HQP VAN BAN TIENG VIET
SANG TIENG NOI DUA TREN MO HINH MARKOV AN

IMPLEMENTATION OF HIDDEN MARKOV MODEL (HMM) - BASED
VIETNAMESE TEXT-TO-SPEECH DEVICE
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Truong Pai hoc Khoa hoc Ty nhién TPHCM

TOM TAT

Trong bai bao nay tdc gia sé ¢ trinh bay thiét ké ciia mot thiét bi cam tay cho phép chuyén doi
van ban tiéng Viét sang tleng noi. Thlet bi c6 thé doc sir dung dé ho tro nhitng nguoi khuyét
tGt mdt kha nang néi cé thé giao tiép dé dang va tw nhién hon véi nhitng ngieoi xung quanh.
Thuat toan tong hop tieng noi dugc dung dua trén mé hinh Markov an (Hidden Markov
Model - HMM)[1].
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ABSTRACT

In this paper, an implementation of Vietnamese Text-To-Speech (TTS) device is presented.
The device helps to interact with people with speech disability easier. The speech synthesis
algorithm implemented in the device is based on Hidden Markov Model (HMM,).
Keywords: TTS, Vietnamese synthesis, HMM

I. GIOI THIEU

Trong cudc song hang ngay, nguoi khuyét
tat kha ning noi c6 thé giao tiép véi nhiing
ngudi xung quanh bing ngdn ngit ctr chi,
tuy nhién viéc giao tiép nay khong tu nhién
va s€ gay kho khan cho nhiing nguoi binh
thuong khong hiéu ngon ngir cir chi. Chinh
vi 1i do nay, mot thiét bi tong hop tiéng noi
tir van ban tiéng Viét duoc trinh bay trong
bai bao nay co thé gitp viée giao tiép cua
ngudi khuyét tat tro nén dé dang hon. St
dung thiét bi nay, nguoi dung s& nhap nodi
dung giao tiép dudi dang vin ban qua mot
ban phim 4o hién thi trén man hinh cam tng
dugc tich hop trén thiét bi, dir liéu sau d6 s&
duogc xir 1i bang thuat toan tong hop dé tao
am thanh (tiéng noi) va duoc phat ra loa. Do
téc do téng hop tiéng noéi cua thiét bi c6 do
tré thap nén viéc giao tiép théng qua may
kha tu nhién.

Thuét toan tong hop tiéng noi sir dung trong
thiét bi duoc dya trén dy 4n ma ngudn mé
HTS Engine [3]. Nén tang phan cung cua
thiét b1 12 bo mach phat trién Raspberry Pi
¢6 cdu hinh dugc liét ké trong Bang 1 va
dugc tich hop thém cac giao tiép ngoai vi
nhu LCD cam ung va loa ngoai.

Hinh 1: Thiét bi tong hop tiéng néi.
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Bing 1: Céu hinh ciia bo mach phidt trién Raspberry Pi

Vi xir i SoC Broadcom BCM2835 v4i CPU
ARM1176JZF-S xung nhip 700 MHz
B nhé RAM 256 MB
Giao tiép GPIO, UART, I’C, SPI
Cong suét 300 mA (1.5 W)
Kich thudce 85.60 mm x 56 mm
He didu hanh Arch Linux ARM, Debian GNU/Linux, Raspbian
oS, ...
Gia $25

II. THUAT TOAN TONG HQP TIENG
NOI

Trong linh vuc téng hop tiéng noi tir van
ban, dd c¢6 nhiéu phuong phap duoc dé xuat
va thuc hién nhu: phuwong phap téng hop
ghép ndi, tong hop formant, tong hop dua
trén HMM, ... Trong d6 thudt toan tong
hop theo phuong phap ghép ndi dang duoc
stt dung phd bién ¢ thoi diém hién tai do
phuong phéap nay c6 do phuc tap khong cao.
Tuy nhién, phuong phap tong hop dua trén
HMM dang phat trién manh do c¢6 vu diém
1a d& dang thay doi giong doc va khong can
co s& dir liéu 16n nhu cac phuong phap tong
hop khac. Trong tong hop tiéng ndi tir vin
ban, du st dung phuong phép tong hop nao,
van ban dau vao déu phai dugc qua qua trinh
chuin hoa, tuc 1a chuyén ddi cac ki hiéu, sb,
tir viét tat, tén riéng, tiéng nudc ngoai, ...
thanh dang ddy du, chinh xac trude khi dua
vao thuat toan tong hop [2].

1. Phwong phap tong hop ghép noi

Theo phuong phap nay, mot doan tiéng noi s&
duoc tao ra bang cach ghép ndi cac don vi dm
thanh nho hon da dugc thu am trudc tuong
{rmg v6i van ban dau vao. Sau khi chuan hoa,
van ban s€ duoc tach ra thanh cac cum tur,
roi tién hanh chon cac cum tir d6 trong co so
dir liéu tap tin Am thanh dé ghép lai voi nhau
[5]. Cac don vi &m thanh c6 thé 1a mot cau,
mot cum tir, mot tur. Phuong phap nay cho ra

am thanh c6 chét luong twong ddi tét nhung
doi hoi khong gian luu trir 16n dé chia duoc
cac phan doan am thanh. V&i muc dich tao ra
am thanh c6 chat luong tot, tu nhién thi can
phai cht ¥ dén mot sé van dé: co s dir lidu
am thanh phai dugc xay dung, thiét ké mot
cach can than dé c6 thé phu tat ca cac ngir
am, ngon diéu va nhiing bién thé khac nhau
ctia mdi mot don vi &m thanh [5]. Céc phan
doan 4m thanh cang dai thi khi ghép nbi lai
véi nhau s& tao ra chat luong am thanh ty
nhién hon, giam toi thiéu tinh khong lién tuc
gitra cac don vi dugc lya chon, it tén chi phi
nbi ghép.

Trong thyc té trién khai, uvu diém ctia phuong
phap tong hop ghép ndi 1a:

e Am thanh tao ra c6 tinh chat 1a giong
ngudi that,co tinh tu nhién cao. Thuc té 1a do
viéc st dung cac don vi am thanh da dugc
thu 4m san.

e Viéc tinh toan dé lua chon cac don vi am
thanh, ciing nhu qua trinh ghép nbi cac don
vi am thanh nay lai ¢6 chi phi thip va thoi
gian thyc hién nhanh.

Tuy nhién phuong phap nay lai c6 nhung
khuyét diém nhu:

e Doi hoi khong gian luu trir 16n dé luu
dwr liéu da dugc thu am. Thuong mot co s&
dir liéu cua phuong phap ghép ndi co dung
luong tir vai gigabyte tro 1€n.

e Qua trinh chuan bi dit liéu: qua trinh thu
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am, phan doan dir liéu va t6 chure dix liéu tén
nhiéu chi phi.

J Khi thay d6i giong doc, can phai tién
hanh thu 4m lai ciing nhu phan doan va t6
chtre dit lidu tir dau.

e Viéc lya chon cac don vi ghép nbi s& anh
huong dén do tron, muot ctia 4m thanh.

e Do do, phuong phép tong hop ghép nbi
thudng kho trién khai trén cac thiét bi nhing,
do dic diém cua cac thiét bi nay la khong
gian luu trir trong doi nho, phuong phap nay
thich hop hon khi trién khai theo mé hinh
dich vu client-server qua mang Internet.

2. Phwong phap tong hop hmm

Do boi nhfrng han ché cia phuong phap
ghep n01 co hai phuong phap khac duoc
dé xuat 1a: tong hop tiéng noi bang phuong
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phép formant va tong hop dua trén mo hinh
Markov an (HMM). Phuo’ng phap formant
tire tong hop cong hudng tan s6, khong can
sir dung co so dit liéu thu san khi chay, ma
téng hop dwa trén mot md hinh 4m thanh
[6]. Tuy nhién, tiéng néi dugc tong hop
theo phuong phap nay c6 do tu nhién thép.
Phu:ong phap HTS ¢6 nhiéu wu diém do c6
thé thay d01 ddc tinh giong nodi bang viéc thay
d6i thong so ctia mo hinh Markov an(HMM)
ma khong can mot co s dit liéu qué 16n nhu
cac phuong phap khéc [2]. Va day ciling la
giai phap duoc chon cho thiét ké dugc trinh
bay trong bai bdo.

Hé théng HTS tong quéat gom hai phan nhu
dugc thé hién ¢ Hinh 2: phan huan luyén va
phan tong hop.
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Hinh 2: M6 hinh hé thong tong hop tiéng néi dwa trén HMM.

Trong phan huin luyén thi dir liéu tiéng noi
va cac doan van ban cua cac dir li€u tiéng
n6i dé duge dung dé trich ra cac tham sb phd
va tham s kich thich. Cac tham sb nay sé&
dugc md hinh héa dung HMM phu thudc
ngtr canh.

O phan tong hop, tir mot chudi label phu
thuoc ngit canh thi mot chudi HMM duoc
hinh thanh bang cach ghép ndi cac mo hinh
HMM tuong ung véi céac label d6. Sau do

thong qua céac thuat todn tao tham s6, cac
thong s kich thich va cac thong sd pho sé&
duoc tinh ra tir chubi HMM do, va cac thong
$6 nay tiép theo s€ duoc dua vao bo loc téng
hop (MLSA hoic MGLSA) dé tong hop ra
tiéng noi [2].

III. NGUYEN LI HOAT PONG CUA
THIET BI

Phan cing cua thiét bi tong hop vin ban
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tiéng Viét thanh tiéng n6i gdm ba thanh phan
chinh:

e Bo mach Raspberry Pi v&i VXL chinh la
SoC BCM2835xung nhip 700MHz c¢é tich
hop khdi phan ctng xir i dau chdm dong
(Vector Floating Point Unit) thich hop dé
thue hién thuat toan téng hop tiéng no6i HTS.
e Man hinh LCD hd trg cam tng.

e Loatich hop

Vian ban dugc nhap vao tir nguodi dung qua
man hinh cdm tng s€ dugc dua vao bo mach
Raspberry Pi théng qua giao tiép ndi tiép
RS232. Tai day, van ban s¢ dugc phan tich
thanh cac chir label -mot dinh dang chira
cac thong tin dac trung cua van ban. Label
va cac thong s6 HMM di dugc huan luyén
trude s& 1a ddu vao cia qua trinh tao ra ma
PCM (Pulse Code Modulation) tuong Ung
v6i vin ban dau vao, bao gdm cac budc nhu
tao ra cac thong sb excitation, loc tong hop.
Céc dir liéu PCM s& dugc dua ra loa dé phat
ra tiéng néi. Hinh 3 cho thay luu d6 cac khbi
chtrc ning cua thiét bi.

Bo mach
vi xir If 18§ ARM

Man hinh
LCD cém éng

Giao tiép
i tiép

Téng hop di¥ ligu van
ban thanh tiéng néi
bing thuit todnHTS

Nhén di¥ liéuvin
ban tir nguwoi dung

Hinh 3: So do khéi cia thiét bi tong hop
tiéng néi.

Hinh 4 cho thiy thoi gian chay thudt toan
tong hop tiéng n6i HMM trén bo mach phat
trién Raspberry Pi. Vin ban dau vao 1a mot
cau van tleng Viét voi ndi dung: “Mot hai ba
bbn nam sau bay tam chin mudi”, thoi gian
phat cua doan van ban nay (tic do dai cta
tap tin 4m thanh) sau khi dugc tong hop la
khoang 7 gidy. Thuc nghiém cho thay thoi
gian tong hop tong cong la khoang 8 gidy
va thoi gian xir 1 chu yéu 1 & phan gstream.
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Hinh 4: Két qud chay thudt toan TTS tiéng Viét
trén bo mach Raspberry Pi.

Tir két qua thuc nghiém trén, co thé thiy
duoc thoi gian trung binh dé téng hop mot
tir tiéng Viét trén thiét bi 1a khoang hon 1
gidy. D6i v6i van ban dau vao cang dai thi
thoi gian tong hop cang lau. Dé khic phuc
diéu nay, phan mém trén thiét bi s& tao ra
vung dém xu li cho tung cau, trong khi hé
thong tién hanh tong hop cau trude thi nguoi
ding c6 thé nhap cau tiép dé giam thoi gian
cho tir lac nguodi dung nhap xong doan van
ban dén khi tiéng noi tng voi doan vin ban
d6 dugc phat ra loa, nho do tdng trai nghiém
nguoi ding cua thiét bi.

IV. TONG KET

Giai phap st dung bo mach Raspberry Pi
1a trung tAm xr li, chay thuat toan tong hop
tiéng nodi. Bo mach Raspberry Pi thudc du
an ma ngudén mo danh cho gido duc nén gia
thanh rat thap (khoang 550 nghin dong) tuy
nhién van dap tng t6t yéu cau phan cing
cho thuét toan TTS. Piéu niy tao ra mot giai
phap hd trg ngudi khong noi duoc véi gia
thanh thap, chi khoang 1 — 1,5 triéu dong.
Hién tai so voi mat béng gia cla céc thiét
bi cung loai ban ra trén thi truong giai phap
dugc dé xuat co gia thanh ré hon trong khi
chat luong tiéng no6i sau khi duoc téng hop
van dugc dam bao. Pong thoi, cic san pham
dang dugc thuong mai chua st dung thuat
toan téng hop tiéng néi dya trén moé hinh
Markov an.
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