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Nhan dang tiéng néi da dugc nghién ctu ti han 60 nam qua. Nhiing né luc dau tién dugc thuc hién
tu nhiing nam 50 dén dau nhiing nam 70 cla thé ky trudc, hé théng nhan dang tiéng néi dugc thiét
ké dé nhan dang phat am rdi rac trong méi trudng nhiéu thap, chli yéu la cac hé théng véi bd tu
vung nhé (10-100 tui), trong truéng hgp ngudi néi ciing 1a ngudi huan luyén. Ngay nay, cac hé théng
nhan dang véi sé tif vung 16n dudc xay dung trén nén tdng hé théng may tinh véi téc dé xu ly cao.
Khi mat doé tich hop vi mach tang, viéc ti€p can (ing dung nhan dang trén phan ctling hay cac thiét
bi cam tay trd nén kha thi. Trong nghién ciu nay, nhém tac gia trinh bay mét kién tric vi mach dugc
thiét ké theo quy trinh ASIC, trén nén cong nghé 130 nm TSMC, (ing dung trong nhan dang giong
néi ti€ng Viét, dé dap (ing yéu cau khat khe vé hiéu ning nhan dang va tinh thdi gian thuc trong cac
ung dung thuc té.

TU khéa: day céng Iap trinh duoc (FPGA), ham phéan bé xdc suat Gauss, hé théng nhan dang giong

néi tu déng (ASR), mé hinh Markov an (HMM), trich dic trung thang tan sé6 mel (MFCC).

Chi sé phéan loai 1.2

AN ASIC BASED ARCHITECTURE
FOR VIETNAMESE SPEECH RECOGNITION
ON THE BASIC OF 130 NM TSMC TECHNOLOGY

Summary

Speech recognition has been researched over sixty years. The
first researches were conducted from the 1950s till the early
1970s, some complete recognition systems were developed to
recognise incoherent pronounciation in low noise conditions
and only adapted to small word libraries (10-100 words) which
belong to the trainers as well as the recognition persons. Today,
the recognition systems adapting to the large word library
are built based on computer system with high performance.
Moreover, when integrated density is enhanced, the access
to the hardware or handset applying recognition technology
becomes feasible. In this work, an ASIC based architecture for
Viethamese speech recognition on the basis of 130 nm TSMC
technology is illustrated to meet the real time requirements as
well as confirm the highly effective performance.

Keywords: auto speech recognition (ASR), field-programmable
gate array (FPGA), Gaussian probability distribution, hidden
Markov model (HMM), mel-frequency cepstral coefficient
(MFcCC).
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pat van de

Cac nhém tac gia trong [1, 2]
da trinh bay 1y thuyét vé trich dic
trung tiéng noi dung phuong phap
MFCC va by giai ma tiéng noi ding
HMM véi nhiéu cai tién méi dung
cho nhan dang céc sb tiéng Anh tir
0 dén 9. Cac nhom tac gia trong
[3] da thuc hién thanh cong trén
FPGA Cyclone II, voi viéc nhan
dang 1 s tir, thé hién be"mg viéc bat
sang cac dén led bang giong noi.
Trong b¢ trich dac trung, do tinh
chat phirc tap khi thyc thi phan
cting phép bién doi FFT, nén nhom
tac gid nay st dung module FFT
1024 diém, duoc hd tro sin trong
IP Megacore cua Altera. Dbi voi
bd gidi ma tiéng néi, nhom tac gia
trong [4] dung phuong phap luong
to vecto (VQ), phuong phap nay
chi thich hop cho nhan dang véi
bé tir vung nho (khoang 10-20 tir).
Ngoai ra, cac tac gia nay cling dua



ra huéng phat trién tiép theo 1a ding mé hinh HMM,
nhung yéu cau thuc thi phan ctg phic tap. Tuong tu,
mot s6 to chire ndi tiéng trén thé gidi nhu ATR, AT&T
hay IBM... [5-10] ciing dua ra nhiéu giai phap khac
nhau cho tmg dung nhan dang giong noéi, chii yéu mo
hinh HMM duoc ap dung mot cach phé bién. Bén canh
do, ciing c6 cac cong trinh dé nghi cach xay dung moi
truong kiém tra thiét ké nhan dang tiéng néi [11], hay
cac thiét ké nang cao hon trong giao tiép bo nhé [12],
cling nhu thiét ké layout cho chip nhan dang tiéng noi
trén, nhling cong ngh¢ madi nhu 40 nm [13]. Bang 1
thé hién danh sach va so sanh chip cua cac hing trén
thé gidi.

Bing 1: cdc sin phdm nhdn dang giong néi

SIT| Tenchip | Hingthiétké, | S6tirc dictinhsgiong | Thiigian nbin | B chinh xic | Dclip/
sin xut ngudi néi dang phu
thufe
ngudi
n6i
DVC306 DSP 16 i § giong ndicia 8 ngudi | BGi i 16 <15 |92% (theo hut | Khing/ed
| , Hyde - Hyde's
D6106 Communications | 128 tir I giong duy nhat lawy*
DM Mool |0 | gongniduy kit |19 cKuh;l“ég”“g b0  Rhingc
T6i da 25 ;2 giong Khong cong b~ |977% theo hjt
3| MSM6679 OKIGrowp | nguoi noi cuthé Hyde - Hyde's
faw)*
2050 i Khongdé cipdén | Khongcongbd | 93% (theo it
4| Rscied SENSORY baf] nhleu g‘iongngm‘fi 1, ma cthé Hyde - Hyde's
chi dé cdp 1a phy thuge nguoi law)*
161 (cdn hun loyén te)
101t Nbn dang t i rae, | Khong edng b6 | Khong edng b6 | Khangled
5 | TCSS60F | TOSHIBA | phy thuge ngudi o (cin huin | cu the cuthé
Tuyén trudc)
20ti: Nbdn dang tirtoirae, | Khng congbd | Khong cong b6 | Khongleo
6 | TCSS6SF-00 | TOSHIBA | phy thuge ngudi i (cin huin | cu thé cuthé
luyén trudc)
101t Phy thude ngudingi | Toi da 55 (6 véi | 95% (theo hut | Coled
3t Doc lap nguoi noi nhindang 10t) | Hyde - Hyde’s
T | A8 RICOH Toida 25 8661 | l)?
nhin dang 3 tir)
929% (theo luat | Khong/ed
§ | RESA6S RICOH 60tir: | giong n6i T6i da: 25 Hyde - Hyde's
law)*

(*) Ludt Hyde (Hyde's law): ludt nay dwoc dwa ra boi R.S. Hyde
va dwoc sir dung réng rdi trong gidi chuyén mén vé linh viee nhdn
dang tiéng noi nhw sau: “dp nhan dang chinh xac cua bé nhdn dang
tiéhg noi la 98%, vi bo nhdn dang liéng noi ¢o do nhan dang chinh xac
la 98% thi bé mau kiém tra phai dwoc sdp xép dé chirng 16 diéu do”

Nhu vay, nhitng thanh qua co ban c6 dugc trong
nhan dang tiéng néi 1a nho két hop hai huéng tiép can
phan cing va phan mém. Tuy nhién, nhiéu han ché con
ton tai v6i cac cach tiép can nhu: cac hudng tiép can
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phuong phap huan luyén van thong qua hé thong may
tinh nham phuc vu nhirg phép toan va gidi thuat phtic
tap; viéc nhan dang b:lfmg phﬁn cung dua trén cac san
pham cam tay con han ché boi khdi lugng giai thuat do
s0 ciing nhu kha nang mé rong sd tir vung.

O Viét Nam, van dé nay méi duoc quan tim nghién
ctru trong nhimg nim gan day. Dén nay, di co6 mot
s6 cong trinh nghién ciru vé linh vuc nay, theo nhiéu
huéng tiép can khac nhau, song két qua dat dugc chua
cao, van c6 kha nang phat trién hon nita, vi hau hét chi
theo huéng tiép can phan mém la chu yéu. Dé khac
phuc nhiing ton tai ciia cac hé théng nhan dang giong
no6i trén thé giéi ndi chung va ¢ Viét Nam noi riéng,
nhém nghién ctru trinh bay mot kién triic vi mach nhan
dang giong noi tiéng Viét cai tién & cap do tir don.
Thiét ké dugc san xuit trén nén cong nghé 130 nm
TSMC, sau d6 duoc kiém tra utng dung hoan chinh trén
bo mach ty phat trién. Bai viét nay 1a két qua nghién
ctru cua Dé tai “Nghién ciru thiét ké 16i IP mém, IP
cting cho IC nhan dang tiéng noi tiéng Viét va ché tao
thiét bi tro gitip nguoi khuyét tat bang tiéng no6i”, ma
s6 KC01.23/11-15, thugc Chuong trinh KH&CN trong
diém cap nha nudc KC01/11-15 vé& nghién ciru ng
dung va phat trién cong nghé thong tin va truyén thong.

Trich dac trung MFCC va md hinh HMM
Trich dac trung MFCC

Phuong phap trich dac trung MFCC dugc lya chon
co ban rut trich cac dic trung tan sb cua tiéng noi.
Nhitng budc chinh cuia trich dac trung MFCC dugc
mo ta nhu hinh 1.
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Hinh 1: cac buoc trich dac trung MFCC

Chét lwong va xac suét nhan dang cua toan bd hé
thdng ngoai phu thudc vao viéc chon lya md hinh xéac
suat t6i wu, con phu thudc nhidu vao chét lugng cua
cac dac trung duogc trich xuat. Mat khac, trich xudt
MFCC gom nhiéu buée nhé khac nhau, trong 6 mot
s6 hé s6 nhay cam anh huéng dén xac suat nhan dang
ctia hé thong ton tai bén trong nhiing khi nay, nhur hé
sb cta cac bd loc va s bo loc tuong ung.



Mo hinh xdc suit HMM

M6 hinh HMM 1a mé hinh théng ké quen thudc,
dugc ap dung rong rai trong nhiéu tng dung khac nhau.
Trong g dung nhan dang giong ndi, mé hinh HMM
dang tién (hinh 2) dugc sir dung, mang lai nhitng thanh
cong nhat dinh. M6 hinh nay tuong tu cic mé hinh
HMM khac, cac thong s6 bao gdm: xac suat chuyén
trang thai, tdp cac gia tri “mean” va “covarian” ciing
nhu x4c suat cho timg b tron bén trong trang théi.

Hinh 2: mé hinh HMM dang tién

H¢ théng nhén dang gipng ndi

Bét ctir mot hé thong nhan dang giong néi nao ciing
bao gém hai qua trinh chinh: qua trinh huan luyén va
qua trinh nhan dang (qua trinh giai ma). Trong ca hai
qua trinh nay, khong thé thiéu kién trac trich dic trung
giong noi, hinh 3 mo ta cac khdi co ban vé mot hé
thong nhan dang giong noi hoan chinh. Nhu di néu
& trén, qua trinh hudn luyén yéu cu tap miu cic am
thanh dau vao 16n, cac giai thuat huén luyén phtc tap,
nén can tiép can cac hé théng may tinh cho qua trinh
nay. San pham cta qua trinh huin luyén duoc goi 1a
bo thong sé6 mo hinh. Qué trinh huan luyén dua trén
mo hinh HMM tién co ban da dugc tim hiéu va tng
dung rong rai nén cac cdng thirc phirc tap khong duogc
dé cap.

Quatrinh hudn luyén

Trich dac
trirng

Tap cac
tham s6

Am thanh

b

—* Quatrinh nhan dang

Hinh 3: mo hinh hé théng nhan dang hoan chinh

Tuong tu qua trinh huén luyén, mau 4m thanh duoc
trich dic trung trudc hét trong qua trinh nhan dang.
Gia su, sau khi trich déc trung cho ra 25 vector MFCC
26 chiéu, c6 thé hiéu rang ngd vao ctia qua trinh nhan
dang 1a 25 vector 26 chiéu. Két hop véi tap thong sb
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mo hinh tir qua trinh huin luyén gom 50 mé hinh, mdi
moé hinh bao gdm tap xac suét chuyén trang thai (16
gia tri chuyén trang thai twong (mg 8 trang thai), tap
xac sudt bo tron (32 gia tri tvong img mdi trang thai co
4 b tron), tap cac cap vector “mean” va “covariance”
(32 cap vector tuong trng mdi bo tron 1a mot cip). Cu
thé, cong thic dé tinh xac suit cho mot vector dic
trung 26 chiéu v6i mot trang thai bao gém 4 b tron
dugc thé hién qua ham phan bd Gauss nhu sau:

M
b_,(o):kzz:‘cjkf]\f(a,yjk,Ujk I<j<N
Voéi
M
c, =L 1<
k=1
c, 20, I<j<N,1<k<M
1 ~Slo-uY U™ o)
(0,4,U) e’
e
_ | *%(0 #) U™ (o—u)
(27)"|U]

Trong do, N la sb trang thai (N = 8); M la s6 bo tron
(M = 4); o la vector dic trung (hay con goi 1a chudi
quan sat - 26 phan tir); p 1a vector “mean” (26 phan
tfr) U 1a vector “covariance” (26 phan tir); Ci la xac
suét roi vao b tron thir k trong trang thai thir j J

Van dé ¢ day 1a, trong vi du trén ta c6 25 vector
MFCC trich déc trung cung véi 8 trang thai, vay thi
vector nao trong tmg trang thai nio sé cho két qua xac
sut 16n nhat? Theo logic, can tinh dén 1a 168 1an ham
phan bd xac sudt Gauss, cung voi cac thuat toan lya
chon s& cho két qua chinh xac. Phuong phap nay c6
thé xem la phuong phap vét can. Dé cai thién diéu nay,
thuat toan Viterbi dugc mo ta nhu hinh 4, dang dugc
ap dung rong rai.

Trang thai @
@

@@@@

Thoi gian { ¢ ]—_
Hinh 4: gidi thudt Viterbi



Kién tric vi mach ing dung nhian dang giong néi
Trich dac trung MFCC

Phuwrong phdp: kién triic vi mach tiép can viéc nhan
dang giong no6i bao gdm hai thanh phan trich dac trung
va nhan dang giong noéi, nhu thé hién & hinh 5.

-

Trich dac i
trurng

MNhan dang
giong nai

Hinh 5: cdc khoi chinh trong kién triic vi mach nhan dang giong ndi

Tuy nhién, khi tiép can phan cing, c6 mot s6 van dé
nay sinh, trong d6 FFT 1a van dé déng luu y. Dé c6 thé
giai quyét nhitng thong s anh huong xdu dén két qua
trich dac trung va nhéan dang, viéc két hop gitta khao
sat va tinh kha thi trong thuc nghiém trén 1a rat can
thiét. Mat khac, cac ngdn ngit khac nhau va dic tinh
ving mién tao nén sy khac biét vé cac dic trung. Viée
ap dat cac cu hinh cimg nhic s& cho nhimg két qua
khong nhu mong doi.

Thure nghiém. kién trac trich dic trung twong ty nhu
ly thuyét tiep can bao gom cac thanh phan chinh vdi
nhiing dac trung chi tiét da dugc khao sat trong bang 2.

Bdng 2: cdu hinh trich dic trung MFCC

Théong s6 Chon lya So sanh
Str dung b loc Xac suat (%)
C6 str dung b loc Co Co 92,7
Khong 83,3
Hé sb Xéc suit (%)
e 31/32 92,2
Gia tri hé so0 bo tién loc 31/32 5716 )
7/8 78,6
S6 diém Xac suat (%)
Sé diém trong mot khung 160 160 92,3
80 84,4
Ti 1¢ (%) Xac suat (%)
L 50 92,2
Ty 1& chong lap 50% 20 %0
30 87
S6 diém Xac suat (%)
S6 diém FFT 256 160 92,3
80 84,4
Kiéu bo loc Xac suit (%)
C4u hinh b6 loc MEL Vudng Tam gidc 94,5
Chir nhat 90,1
S6 bo loc Xac suat (%)
27 94
o 26 90
SO bo loc MEL 27 75 o1
24 89
23 90
S6 hé sb ceptrum 12
S6 hé s6 nang lugng 1
S6 hé s6 cho mot vector MFCC 26
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Mo hinh HUM

Phuwong phdp: nhu da néu trén, viéc tinh theo khuon
mau v6i phuong phap vét can cho két qua tot nhat,
nhung do kha nang dap ung tinh thoi gian thuc nén
khong kha thi. Néu duya trén yéu cu tng dung cao vé
d6 chinh xé4c, phuong phép vét can van duoc chon lua,
nhung trén thuc té, nhitng tng dung cu thé luén doi
hoi tinh d4p tng thoi gian thue ¢ mirc d9 can thiét. Do
do6, dé dap mg duoc hai yéu cau khat khe nay, ky thuat
song song duoc 4p dung nhim ting toc do xu 1y. Tuy
nhién, k¥ thuat nay c6 diém yéu 1a qua trinh quan 1y,
diéu khién dir liéu phirc tap nén su hao tén tai nguyén
can duoc luu y chit ché.

Mot van dé khic can duoc quan tam khi tiép can
phan cimg theo hudng ASIC 1a cac kién tric va chirc
ning gan nhu khong thé thay doi. Pay 1a mot trong
nhing bat lgi khi tiép can ASIC thay vi FPGA. Dé
giai quyét van dé nay, tiép can phin ctng sao cho kha
nang cau hinh dong 1a diéu can thiét, dya trén mo hinh
MFCC tiép can v6i mdi vector MFCC 26 chiéu. Cac
thong s6 co ban ctia mé hinh HMM ciing dugc gidi
thiéu chi tiét & bang 3 v6i kha ning thay d6i duoc.

Bdng 3: mé hinh HMM tiép cdn phan cimg

S trang thai 8 (o thé thay ddi dugc)

S6 bo tron 4

S vector “mean’/“covariance” 26 (c6 thé thay ddi dugc)

Thiee nghiém: khi tiép can mo hinh song song c6
hai giai phap nhu sau: mét vector MFCC duoc tinh voi
nhiéu trang thai khac nhau; mot trang thai duoc tinh
v6i nhiéu MFCC khac nhau.

Vé khia canh phan cting, s6 vector MFCC 1a khong
on dinh cho cac mau tir dai ngén khac nhau, vi du voi
cdc mau tir don, thuong khong dudi 10 vector MFCC.
Trong khi d6, cdc m6é hinh HMM cho cac ngén ngit
khac nhau c6 s trang thai khac nhau, nhung twong dbi
nho, sé trang thai thuong 16n hon hodc nhé hon gan
v6i 10. Chinh vi vay, viéc 4p dung co ché tinh song
song cho m&i MFCC, véi nhiéu trang thai khac nhau
mang tinh kha thi va on dinh cao. Mot van dé khac can
dugc quan tam 13 khoi kién trac tinh x4c suat phan b
Gauss. Khoi nay giit vai tro khong thé thiéu trong qué
trinh tinh toan cac xac sudt thanh phin tuong tmg véi
mdi vector MFCC va trang thai. DPé ¢6 thé thuc hién
dugc co ché song song, kién trac chi tiét dugc ap dung
nhu hinh 6.



FLASH |~

BGnho y
tam

Td

MFCC

Hinh 6: téng quan cdc module trong qud trinh nhdn dang

C6 thé thay, 8 ludng song song duogc ap dung. Dé
tao 8 ludng song song nay, bd nhé tam dung dé luu trix
mo hinh thong s6 cho mot trang thai va 8 MFCC mot
luc dugce st dung. Chi tiét kién trac duge mé ta & phﬁn
sau:

Module Write - Mem: thuc hién viéc doc cac gia
tri mo hinh trang thai cua qua trinh hudn luyén tir
solfware, dugc luru vao trong FLASH (véi cac cau hinh
st dung bo nhd FLASH duogc trinh bay trong bang 4),
cac gia tri dic trung cia mau am thanh dugc luu trong
SRAM.

Bdng 4: cdu hinh sit dung bg nhé FLASH

Information [17]
‘0" Cac thong s0 mo hinh
*1": Che gid tri mo hinh

Word num | State num | Mixture
[te:1] | [10:8] [7:6)

[5:0] Mean & Cov &

[22:18]=0 nC & ai & aij - aii

Module GCU: tinh x4c suét tai 1 bd tron ctia moi
trang thai cho tirng MFCC khéc nhau, theo 8 ludng dir
liéu. Thyc hién tinh song song (theo so do tinh toan
trong hinh 7) glup giam thoi gian cua qua trinh tinh gla
tri x4c suat cho mdi bo tron. Sau khi tinh duoc xac suat
cua 4 bo tron cua 1 trang thai, ta co thé thuc hién giai
ma. May trang thai (State machine) cho by GCU dugc
thiét ké nhu trong hinh 8.

e 44 CHLHCHLHC ML
”““”11‘11 DMMDD PJ"““’“’“‘

Frame ME’l L] [ h_'tos{buopsn
Frame +—-| D—D—D—D—DDD |'H

| Log(b;(0u)

| Log(b(0d)

ot i)

Hinh 7: co ché tinh song song 8 luong dir liéu
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gou slle ena

gousllz ena  gcu slale ena  ocu stale ena  gou slale ene  gou slale ena

@ o

St 0:Resel It e
is mean_kp Stae 1:Read mem-On &
Sae 1 Slae 265 -> On- M

Sl 3:mulf > (Or- Mn) 2
gcu slale ena gcu shle ena

St 4:Read mem -112Un
[ staeena gustaeena gcustaeena

o cal tigger (ou_slae ena

Stale 5> - )2 (10

St | Cn - 2120461 optr)
St 7:Read mem nC (C: H so botron)

Stale B Co - 2120 15+

St 9:Read mem ai (Stae movermeni)

St 02 00 P20 15+
et 1:sloe

Hinh 8: cac trang thai bo GCU tinh gia tri biot

Module Viterbi: thuat toan Viterbi vét can duoc
thuc hién ctiing hda theo dung nhu giai thuat giai ma,
sau khi nhan gia tri ttr bd GCU (8 1u6ng), ta c6 duogc 8
gid tri xac sudt, cac gia tri nay s& dugc tinh toan véi cac
gi4 tri xac suat chuyén trang thai, chon loc gi tri 16n
nhét sau cung duoc gilr lai. Nhu vay, qua trinh duoc
1ap lai nhidu 1an mdi khi c6 8 gia tri dwoc hoan tat tir
khdi tinh GCU, viéc lap lai nay dugc mo ta bdi hinh
9, dic trung cho qué trinh chuyén trang thai ciia toan
b hé thong.

State 0: Reset

State 1: Loadtheinformationof

wr_cal irigge model: Word_num,
state rmm mix_mm
mean _m

wir_ulate_ana

State2:load-an

State3:Loadayj-ad

| v state_ama

v
. State 4: Wnte
HE T State 3: Write & GCU
b v.d

State 6: Wnite & GCU & Vir

i _AL_B1h State T: GCU& Vir

Siais §

State §:Vir

vir_slie_ora

State 9: Compare § result

Swte 10

_i— vir_stile_ava

Hinh 9: so d6 mdy trang thdi bg gidi ma VIR

State 10: Nothing




Xac suat 16n nhat cudi ciing tuong tng véi chi s6 tir
dugc luu trong thanh ghi diém sé cudi cung. Khi két
thac, hé théng Xuét ra tin hiéu “Result_ack”, cung voi
chi sb cua tir trong thanh ghi diém s6 cudi cung, d6 1a
két qua nhan dang.

Két qua va thao luan

Viéc thuc nghiém trudc hét dugec mod phong véi cac
gian dd xung clock, dam bao chirc nang dugc thuc hién
mot cach chinh xéac. Sau khi xac nhan cac két qua mo
phong 12 kha quan, mdt 1an nira toan bo kién tric duoc
kiém tra va chay thir trén FPGA nham dam bao chinh
xéc, tinh hién thuc. Pay 1a budc khong thé thiéu trong
quy trinh thiét ké chip ASIC, doi hoi khét khe trong
cac khau kiém tra va hién thuc. Dé c6 thé kiém tra
tinh chinh xé4c cua thiét ké mot cach thuc té, mot mod
hinh trén kit thue té d3 duoc thuc hién. Trong mo hinh
nay, toan bo thiét ké HMM dugc kiém tra banh cach
hién thyc trén kit FPGA tu xay dyng ctia nhom nghién
ctru iHearTech (hinh 10) [14]. Cac két qua vé trich dic
trung, thong s6 mo hinh khong con xtr 1y dudi dang file
ma dugc nap I1én cac kién trac phﬁn cing duoc hd tro
trén kit nhu SRAM, ROM...
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Hinh 10: mé hinh kiém nghiém trén kit FPGA ciia nhém tac gid [14]

Lay ngau nhién mot s6 mau ding va sai (50 miu
bét ky) ¢ mo phong cua thiét ké phan cimg 1dn phan
mém, dem kiém tra lai trén FPGA v6i md hinh kiém
tra trén, cho cac két qua twong dong. Piéu nay dam bao
tinh chinh xac, kha thi trong thuc té cia hé théng. Cu
thé, két qua tiéu biéu thu duoc tir tdp mau cua nhiéu
nguoi, voi moé hinh HMM cho hé théng nhan dang da
duoc hé théng tién hanh thu nghiém véi bd tir vung
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g6m 50 tir (hinh 11), duoc danh gia cho thay két qua
kha thi ctia thiét ké.
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Hinh 11: b tir vung can nhén dang

Két qua nhan dang phan cimg dugc so sanh véi cac
két qua phan mém ciing nhu moé phong cho thiy, do
tuong dong 16n (92%). Diéu nay cho thiy tinh kha thi
va d9 tin cdy cua viéc thuc thi phﬁn cting. Sau khi cac
phuong phép kiém tra dugc thuc hién chinh xéc, thiét
ké duoc chuyén xudng tong hop va thuc hién & cac
budc vat 1y thap hon. Hinh 12 cho thdy, san pham cudi
cting hoan thanh & cap do vat 1y, trén cong nghé 130
nm TSMC. Hinh 13 14 chip iHearTech duoc ché tao
hoan chinh ctia nhom nghién ctru iHearTech chiing t6i
[14].

Hinh 12: kién triic ¢ cdp dé vt Iy cong nghé 130 nm TSMC
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Hinh 13: chip iHearTech dwoc ché tao hoan chinh [14]



Két luan

Nhom nghién ctru da trinh bay kién trac vi mach
dugc thiét ké theo quy trinh ASIC, trén nén cong nghé
130 nm TSMC, ting dung trong nhan dang giong noi
tiéng Viét. Cac két qua kiém tra theo quy trinh ASIC
cling nhu trén FPGA cho xac suét nhan dang cao, thoi
gian dudi 1 gidy, dap tmg yéu cau khat khe vé thoi gian
thuc trong cac ung dung cu thé.

Céc phat trién tmg dung cu thé, tich hop san pham
vi mach, s& duogc tiép tuc dé hudng dén nhing gia tri
thiét thyc trong cudc séng. Bén canh do, kién tric vi
mach d& xuét ciing s& dugc nghlen cu'u va phat trién
v6i cac dinh hudng nghién ctru toi wu vé cong suét, toe
d06 cling nhu cac ung dung cau phtc tap.
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