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ABSTRACT

Hidden Markov Model (HMM) is a statistical model, well suited for
pattern recognition: speech, image, handwriting,... HMM has widely
used in the last several years because of the two reasons. First it can
perform with high accuracy in a wide range of application, second the
model structure can be changed easily to fit practical applications.

This paper focused on studying of HMM for speech recognition and
installing it on FPGA. HMM has many parameters, so choosing
appropriate parameters of the model for the FPGA is included in the
project. The selection is very important and must balance between time
and accuracy.

TOM TAT

Mé hinh Markov dan (HMM) la mgt mo hinh thong ké, thich hop ung
dung trong viéc nhdn dang mau: tiéng néi, hinh anh va chie viét..
HMM duoc vng dung rong rdi trong nhitng nam gan day vi hai ly do
Thir nhat, mé hinh c6 dp chinh xdc cao trong nhiéu iing dung; Thir hai,
cdu triic mé hinh cé thé thay déi dé dang cho phii hop voi timg iimg
dung cu thé.

Bai bao ndy tap trung nghién ciru mé hinh Markov an theo hirdmg g
dung nhdn dang tleng ndi va cai dat mé hinh nay lén chip FPGA. HMM
c6 nhiéu tham sé, vi vay viéc la chon tham so sao cho tot nhdt ciing
dwoc thuc hién trong dé tai. Viéc lwa chon nay rat quan trong, noé phdi
dat dege sw can bang giita toc d xir Iy va do chinh xdc.

He¢ thong nhdn dang ndy dwoc cai dat trén FPGA d@é nhdn dang cdc tiv
don, s6 lwong tir trong bg tir vieng ¢6 thé thay doi nho kha ning cé thé
hudn luyén ciia HMM.

Do hé thong nhdn dang nay dwoc cai dat trén FPGA nén no chiém
khoang khong nho, thich hop ing dung trong giao tlep nguoi-may,
robot, diéu khién bang tiéng néi hay ho tro nguoi khuyét tdt..

1 GIOI THIEU

HMM duoc bat dau xdy dung va cong bd tir
nhitng nam 1960, day 1a mo hinh toan hoc vé
thdng ké. Nhiéu nim sau do6 (tir 1980), mo hinh
nay dugc bit dau nghién ctru dé ing dung trong

linh vyc nhian dang. Do dat dugc d¢ chinh xac
cao va c6 kha ning thay doi cdu trac d& dang
nén mo hinh nay ngay cang dugc st dung rong
rdi trong nhiéu linh vue, dic biét la trong linh
vuc nhan dang tiéng noi.
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Nam 1952, phong thi nghiém Bell phat trién
may nhan dang tiéng n6i don véi cac tir vung la
cac s6. Hé thong nay dua trén su cong hudng
phé tan clia cac s6 nén c6 do chinh xéc rat thép.
Pén nhimng nam 1970, viéc nghién ciru may
nhan dang tiéng noi dat dugc mot bude tién
dang ké nhd vao su phat trién cua 1y thuyét
nhan dang mau va thuat toan tién doan tuyén
tinh LPC (linear predictive coding) dé rat trich
dac trung cua tin hiéu tiéng no6i. Ttir nam 1980,
cac phuong phap thong ké biat dau duoc
st dung manh mé trong k¥ thuat nhan dang,
dac biét 1a mo hinh Markov do n6 ¢6 d@d chinh
X4c cao.

Muc tiéu coa dé tai nay la tao ra thiét bi
nhan dang tiéng n6i nhoé gon nhung c6 do chinh
xac va dat tbe do cao. Vi vay cong viéc chinh
trong d¢ tai nay 1a nghién ctru ly thuyét HMM
va tap trung vao ung dung cia HMM trong linh
vuc nhan dang tiéng noéi, lya chon céc thong )
thich hgp clia mo hinh dé co thé cai dat may
nhén dang 1én mot chip FPGA. May nhan dang
nay duoc thtr nghiém véi cac tr n6éi don va
thong qua qua trinh thyc nghiém s& didu chinh
lai cac thong sd ciia md hinh dé dat duge do
chinh x4c cao nhét.

2 MO HINH MARKOV AN

Pay 1a mot md hinh théng ké, thanh phan
ctia md hinh bao gdm tap N trang thai {S;}, cac
trang dich chuyén qua lai véi nhau voi mot xac
sudt nhat dinh, tap xac suét di chuyén nay dugc
goi 1& ma trdn dich chuyén trang thai A=[aj].
M6 hinh hoat dong khi cho chudi dir liéu dau
vao O=[0,,0,, 0y,..01] goi la chudi quan sat, day
1a dit liéu trich rat tir tiéng noi can nhan dang
trong ing dung nhan dang tiéng noi. M01 quan
sat o, c6 mot xac Xudt xuét hlen trén moi trang

thai S;, tap hop cac xac xudt ndy goi 13 phdn
N

phéi xdc xudt cia quan sit B = {bj (ot )}j==1’

Ngoai ra con co t@pﬂ'Z{ﬂ'i }Ll 1d x4c suat
quan sat du tién o, tai trang thai i. Tap A={S,
A, B, m} 1a cic tham sé cuia HMM. Khi ¢6
chudi quan sat dugc dua vao mo hinh, tir dau ra
O céc trang thai s€ rut ra duoc cac tham sb an
trong chudi quan sat (Juang and L.R. Rabiner,
1991). Hinh 1 1a m6t vi du HMM 5 trang thai.

Phan A: Khoa hoc Tw nhién, Cong nghé va Méi truong: 25 (2013): 1-7

Hinh 1: HMM 5 trang thai
Hai van d& chinh cia HMM:

HMM c¢6 hai \{én dé chinh can phai giai
quyét dé€ nd co6 thé tng dung trong h¢ thong
nhan dang (Jeff Bilmes, 2002):

— Véan dé 1: Nhan dang. Cho chudi quan sat
0={01,0;,, o1) va mot m6 hinh HMM A. Tinh
xac suat P(O[A) cua chuoi O trén md hinh d6

— Vén dé 2: Huan luyén. Lam thé nao diéu
chinh cdc tham s6 ciia md hinh A d€ P(O[r) cuc
dai, nghia 1a t6i uu hoa A.

2.1 Giai quyét van dé 1
Dé xac dinh xac suat chudi quan sat O trén

mot mo hinh ¢6 san A, chiing ta dung thuat toan
hudng téi (forward algorithm).

1) Khoi tao:
a,(i)=r,b,(0,),1<i< N. (1)
2) Quy nap:
at+1(f)={2at(i)aﬁ}bf(0t+l), 1<¢<T-1 .
1<j<N.
3) Két thuc:
P(O|4)=3 a; (). 3)
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Chung ta ciing c6 thé dung thuét toan Iui
(back algorithm).

1) Khoi tao:
B.()=1, 1<i<N. (4)
2) Quy nap:
B, (i) = Za,,b, (0, (), “
t=T-1,T-2,..,1, 1<i<N.
3) Két thuc:
PO 2)=3 =,p,). ©

2.2 Giai quyét vin dé sé hoc

Trong bai bao nay, tac gia st dung thuat
todn hudng tdi dé xac dinh xac sudt cua mot
chudi quan sat. Nhung cac hé s6 o(i) 1a cac xac
sudt co gia tri khong 4m va nho hon hoic bang
1, néu chudi quan sat 16n thi P(O|A) c6 thé rat
nho va vuot qua kha nang tinh toan ctia hé xi ly
toan hoc. Vi vay, tdc gia st dung céng cuy
logarit co s6 10 dé xac dinh lai xdc suét cua
chudi quan sat P(0[L) nhu sau:

P(O] 1) Z loglo(z a(z)] ™

2.3 Giai quyét van dé 2

Noi dung van dé 2 1a thyc hién qua trinh
huan luyén hé thong dé di€u chinh mé hinh A
sao cho dat dugc cac thong so toi vu.

- a, (i) p, (i)
T = Z‘TR N ®
2,2
_lat(i)aijbj (0x+1)ﬂt+l(j)
a_[jz ; t=1 — (9)
PIPRACVAC
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Vé6i R: S6 miu tiéng n6i dé luan luyén cua
moi tur.

V={v1,v2,... vK} 1a codebook cua tap chudi
quan sat O dung dé huan luyén.

3 TIENG NOI VA PAC TRUNG
3.1 Tiéng noi

Tiéng néi 1a mot dang song 4m thanh ding
dé giao tiép ciia con nguoi. Pé co thé luu trix,
xtr ly, phan tich, nhan dang véi su hd trg cua
may tinh, tin hiéu tiéng néi can phai duoc
chuyén thanh tin hiéu dién twong tu va qua bod
bién d6i ADC ( Analog-to-Digital Converter)
dé chuyén tin hiéu twong ty thanh tin hiéu sb
nhu Hinh 2. Cac dang tin hiéu dugc miéu ta
trong Hinh 3.

An s(t) s(n)
— 3/ AmSangdién ADC |
Thanh

Hinh 2: Bién dbi tin hi¢u 4m thanh sang tin
hiéu so

S5(t) 4

S(n)s

n

Ta [—

Hinh 3: (a). Tin hiéu twong tw, (b). Tin hiéu s6

3.2 Trich rit dic trung tiéng néi

Tiéng n6i hay 4m thanh trude khi dwoc phan
tich hoac nhéan dang can phai dugc rut trich céac
dac trung cua nd. Boi vi dir liéu tiéng nodi co
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nhiéu théng tin nén chi rit trich nhiing thong tin
can thiét can thiét cho viéc nhan dang. Trong
ndi dung bai bao nao, dic trung dugc rut trich
1a pho tan roi rac va cac bién doi tin sd cua tin
hiéu hiéu tiéng néi. C6 mot sé phuwong phap dé
rut trich cac dac trung nay, tdc giad da chon

Phan A: Khoa hoc Tw nhién, Cong nghé va Méi truong: 25 (2013): 1-7

phuong phap LPC (L. R. Rabimer and R. W.
Schafer, 1979) vi né dugc kiém nghiém va
danh gia rat hiéu qua trong nhan dang tiéng noi.
Hinh 4 mo ta qua trinh rat trich dac trung cua
tin hiéu 4m thanh hay tiéng né6i sir dung LPC.

Bac LPC ,P
Hinh 4: Rut trich dac l
trung cia tiéng noi S(n .
m Chia Tkhung | SV 0(q)={0,05,..07}
—— Tiénxuly > i » LPC (——
dit ligu Dictrung

Mau tiéng néi dudi dang s6 S(n) trudc khi
rit trich duge dua qua khéi Tién xir Iy dé loai
bo céac nhiu hodc cac tin hiéu tan sd cao (vuot
qua tan sd am thanh) bang cac mach loc sd, sau
d6 s& dugc chia thanh T khung dit lidu. Cudi
cung tin hiéu qua khéi LPC véi bac P dé dat
duoc chudi dic trung O=[0,,0,, 0,,..01] ctia mau
tiéng néi, véi mdi thanh phan o; 1a mot vector
¢6 P phan tir dudi dang sd thuc.

4 MO HINH MAY NHAN DANG TIENG
NOI PON DUA TREN HMM

Van dé dat ra la can xay dung mdt may nhén

dang c6 thé nhan biét W tir don (Lawrence R.
Rabiner, 1980). Pé lam duge diéu nay trudc hét
chiing ta phai xdy hinh tdp mé hinh cho mdi tir
thong qua qua trinh huan luyén (van d& 2).
Tiéng ndi can nhan dang s€ duoc rut trich dac
trung va dua vao khoi luong ti dé roi rac dic
trung tiéng néi thanh chudi quan sat co cac
phan tir thudc mot codebook hitu han (B.H.
Juang and L.R. Rabiner, 1991). Chudi quan sat
s& dugc tinh xac sut trén mdé hinh HMM cua
mdi tir (vAn dé 1). Tir dugc nhin dang 13 tir co
x4ac sult cao nhat. Hé théng duoc minh hoa
bang Hinh 5.

HMM tir thar 1

—_—

—»

Chudi quan sat |

o

—
Pac trung tiéng noi
{0=0,, 0y, ... 04}

Tieng no1 | gt trich

dac trung

Lurgng tir
vector

Xac dinh xac |

PO, Ay)

sudt |

(%)
\T/}IMM tir thir 2
|

| Xac dinh xac |
suat | ot . S .
I PO, )“h._.(_hun ac sust] Tircan
Ién nhat

I | nhandang
r

()

HMM tir thoe W
Xac dinh xa¢ P(O, \)
suat :

L

Hinh 5: Mé hinh may nhan dang tiéng néi HMM

4
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5 PHUONG PHAP NGHIEN CUU

Mo hinh may nhan dang tiéng ndi cin mot
phan cimg dé cai dat 1én va hoat dong. Phan
cting dugc Iya chon trong dé tai nay 1a mot chip
FPGA vi ky thuat nay lam cho hé thong nho
gon véi tbe d6 xur Iy cao va cau trac phan cing
bén trong c6 thé thay ddi khi didu chinh céac
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thong s6 ciia may nhan dang (S J Melnikoff, S
F Quigley & M J Russell, 2002). Cong cu hé
thong trén mot chip SoPC (system on
programmable chip) cua Altera dugc s dung
de tao ra cac tai nguyén cho hé thong nhan dang
tiéng noi trén chip FPGA nhu Hinh 6.

Cyclone Il
Nios II JTAG Debug JTAG UART FPGA chip
Processor module interface
Avalon switch fabric
On-chip SRAM SDRAM Flash LCD ADC
Memory interface interface memory interface Interface

| L

Hinh 6: H¢ thong phén cirng ding chip FPGA Cylone II

Céc thanh phan chinh trén chip FPGA gdém
¢6 bo vi xir 1y 32 bit Nios II; JTAG UART dé
giao tiép voi PC; Avalon switch fabric 1a thanh
phan c¢6 nhiém vu hd trg Nios II giao tiép véi
cac thanh ph'?m khac; SRAM, SDRAM, Flash
memory la bd nhé cua hé théng; ADC interface
giao tiép bo bién d6i AD dé doc tin hiéu am
thanh vao hé théng nhéan dang; LCD interface
hién thi két qua nhan dang ra LCD.

6 KET QUA VA THAO LUAN

M4y nhén dang tiéng noi sit dung mé hinh
HMM dugc cai dat va chay thir nghiém trén
board FPGA DE2. Céc thong sd ciia may nhan
dang nhu sau:

Fs= 8kHz (mono) ; Tan sé 1ay mau cta bo
bién doi AD
N=5; S6 trang thai
K=16 ; Kich thudc ctia codebook
D=24 ; Kich thudc cua vector quan sat

W=5; SO tr vung: “Mot”, “Hai”, “Ba”,
79B6n”’ ‘GNém’7

Huéan luyén boi giong ndi cia 2 nguoi: 1
nam, 1 nit. Thyc hién 20 mau (tiéng noi) cho
mot tr vung.

Vi cac tham sb trén, may nhan dang dat do
chinh xac trung binh 86% vdi giong ndi cua
ngudi co tham gia huin luyén. Thoi gian nhan
dang cho mdi tir 1a 1.9 gidy. P chinh x4c cua
may nhéan dang c6 thé ting 1én bang cach ting
céc tham sd Fs, N, K, D nhung thoi gian nhén
dang cling tang theo.

Bang 1-5 liét ké két qua nhan dang cho mdi
tr, mot tir 10 1an thuc hién véi giong nodi cua
nguoi c6 tham gia huén luyén. Cac gia tri dugc
in dam la gia tri c6 xac suat 16n nhat trong mot
hang, né tuong Gng véi tor dugc nhan dang.
Thong thuong, cac xac sut nay la nhirmg gia tri
tr 0 dén 1 nhung de giai quyét van dé tinh toan
sd hoc nén xac suat nay dugc trinh bay dudi
dang logarit co s6 10 (7) nén ta thay n6 co gia
tri am.
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Vi du Bang 1, mot nguoi néi 1an luot 10 1an
tir “mot” trudc may nhan dang. Hang thir nhat
1a két qua nhan dang cho 1an noi thir nhat, may
cho két qua 1a cac xac suat ciia tir vira duoc noi
trong Ung voi cac tr “mot”, “hai”’, “ba”,
“bdn”,”nam” lan luot 1a: -48.9618, -130.581, -
147.300, -147.300, -167.300. Vay, tu ma may
nhén dang duoc 1a tor “mot” vi nd cod xac suét
16n nhat.

Bang 1: Xac sudt ing mdi tir véi 10 lin nhén
dang tir “Mot”
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Bang 4: Xac sudt tng mdi tir véi 10 14n nhan
dang tir “Bon”

“M@t” “Hai” GGBa” “Bén’, GGNﬁm”

“M@t” “Haiﬁ’ “Ba” “Bén” “Nﬁm”

-110.149 -152.449 -151.378 -40.097 -69.191
-32.066 -180.614 -169.880 -24.280 -70.703
142.007 -147.300 -134.858 -128.226 -69.061
-23.840 -147.300 -134.431 -128.332 -58.487
-24.610 -147.300 -127.324 -17.598 -25.876
-21.476 -129.300 -115.206 -10.350 -49.348
-26.724 -165.300 -152.345 -24.958 -65.571
160.007 -165.300 -146.978 -51.468 -70.041
-83.043 -157.532 -151.493 -56.460 -88.017
-194.195 -247.532 -241.493 -171.842 -156.676

-48.9618 -130.581 -147.300 -147.300 -167.300
-75.172 -148.501 -165.300 -162.633 -162.408
-34.066 -144.988 -147.300 -147.300 -142.707
-19.941 -143.048 -147.300 -142.173 -119.375
-81.724 -148.161 -161.999 -165.300 -165.300
-171.461 -179.048 -183.300 -178.173 -170.253
-51.609 -147.300 -147.300 -142.433 -137.036
-129.300 -115.587 -129.300 -129.300 -129.300
-14.322 -156.407 -165.300 -154.495 -131.899
-17.577 -18.290 -17.999 -21.300 -21.300

Bing 5: Xac suit ing mdi tir véi 10 lin nhin
dang tir “Nim”

GCM(’jt” “Hai” “Ba” “Bén” GCNﬁm”

Bang 2: Xac sudt ing mdi tir véi 10 lin nhén
dang tir “Hai”

“M@t” “Haiﬁ’ “Ba” “Bén” “Nﬁm”

-129.300 -129.300 -113.258 -50.510 -22.537
-133.471 -183.300 -164.512 -164.488 -71.715
-176.862 -183.300 -169.712 -164.614 -21.520
-174.202 -180.614 -180.207 -172.414 -28.575
-122.862 -129.300 -110.595 -19.751 -19.152
-160.007 -165.300 -147.724 -140.776 -18.269
-142.007 -147.300 -129.724 -117.076 -17.485

-25.249 -180.614 -169.880 -159.546 -15.750
-129.300 -129.300 -112.459 -105.717 -18.299
-151.0407 -157.532 -146.360 -141.412 -112.750

-147.300 -12.226 -141.864 -147.300 -147.300
-145.435 -25.673 -135916 -147.300 -144.619
-158.740 -165.300 -165.300 -165.300 -157.328
-147.300 -37.612 -135.916 -147.300 -147.300
-147.300 -13.337 -127.696 -147.300 -147.300
-183.300 -70.353 -169.815 -183.300 -183.300
-165.300 -61.540 -153.916 -165.300 -165.300
-255.300 -132.712 -243.916 -255.300 -255.300
-129.300 -75.567 -124.172 -129.300 -121.649
-255.300 -217.115 -243.916 -255.300 -255.300

Bang 3: Xac sudt ng mdi tir véi 10 14n nhin
dang tir “Ba”

“M@t” “Hai” GGBa” “Bén” “Nﬁm’,

-182.974 -183.30 -11.118 -127.257 -130.272
-119.766 -175.532  -8.772 -47.582 -59.010
-150.492 -165.300 -20.744 -136.880 -138.176
-178.003 -183.300 -19.570 -67.580 -73.183
-146.974 -147.300  -9.596 -64.152 -68.762
-307.929 -309.300 -248.855 -301.255 -302.551
-105.721 -152.449  -8.276 -29.010 -40.542
-160.003 -165.300 -8.8479 -55.622 -62.108
-142.938 -147.300 -145.594 -27.723 -35.822
-124.938 -129.300 -127.594 -30.478 -37.866

7 KET LUAN VA DE XUAT

M6 hinh Markov 4n dd chung t6 rat thich
hop trong nhan dang mau, dic biét 1a nhan
dang tiéng néi. FPGA 1a mot k¥ thuat hiéu qua
dé tao khai phan ctng cho mot hé thdng thong
minh. Sy két hop mé hinh Markov va FPGA s&
tao ra mot hé théng nhén dang c6 d¢ chinh xac
cao, nho gon va dé dang thay déi ciu truc cia
hé théng.

Tuy nhién, hé thong trén cin phai duoc phat
trién thém:

— Khi mot tir cAn nhan dang dugc dua vao
hé thdng, tir ndy s& dugc tinh x4c suét trén mod
hinh ctia mdi tr trong bo tr vung. Viéc tinh xac
suét nay dugc tién hanh theo tuan tuy lam cho
tang thoi gian nhan dang. Bé khic phyc ching
ta co thé sir dung k¥ thuat song song trong
FPGA s& riit ngin thoi gian nhan dang W 1an.

— May nhén dang chi duoc huén luyén boi
giong 2 nguoi nén do chinh xac s& thap khi thuc
hién vdi giong noi khac. Bé giai quyét van dé
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nay chung ta c6 thé tiéng hanh hudn luyén véi
s6 lugng 16n cac giong noéi khac nhau trong cac
moi truong khac nhau.
LOI CAM TA

Luc bat dau nghién ctru dé tai nay, toi gip
nhiéu khé khin vi ¢6 nhiéu van dé can phai giai
quyét. Nho su giup d& cua thdy Nguyén Hitu
Phuong — Pai hoc Khoa Hoc Ty Nhién va su hd
trg vé thiét bi, tinh thin cta dong nghiép trong
khoa Cong nghé - Pai hoc Can Tho dé t6i co
thé ting budc khic phuc khé khan. Xin duoc
cam on thiy Phuong, cam on cic dong nghiép
d3 c6 nhiéu dong gop dé toi co thé hoan thanh
dé tai nay.
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