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TOM TAT: B6 chuyén di 16c do 1dy mdu (sampling rate converter — SRC)
duoc sit dung khi phdi giao 1iép gitta cdc hé théng cé t6c dg 1dy méu khdc nhau. D€ dat
dugc 1y s6 tin hiéu trén nhiéu SNR cao, ddc bi¢t trong cdc hé théng vdi 8¢ do ldy mau
ngdu nhién va bién thién theo thoi gian, SRC sit dung cdc gidi thudt DSP thong thuong
doi hdi viéc thiét k& va ché tao rdt phitc tap. Bai viét gidi thidu b SRC sit dung ky
thudt hoi tiép roi rac trong mién thoi gian. Cdc phdn tich Iy thuyét va mé phdng dugc
gidi thieu trong bai viét minh hoa tinh wu viét ciia ky thudt mdi nay so vdi cdc gidi
thudt DSP thong thuong khi sit dung trong cdc bd SRC.

L GIOI THIEU

B6 chuyén ddi t6c d6 1dy miu SRC ngay cang dudc sit dung rong rii trong nhiéu
linh vuc, dic biét 1a trong cdc Wng dung 4m tin. Hién nay, hiu hét cdc SRC dudc thi€t k& st
dung cdc gidi thudt DSP khd don gidn vé mat ly thuy€t trong d6 tin hiéu ngd vao dugc nang
{an s6 14y miu, loc thong thdp va cudi cung la giém tan s0 14y miu dén gid tri cin thi€t §
ngo ra. "luy nhién, dé ¢6 dude cdc SRC véi ty s6 tin hiéu trén nhi€u SNR cao nhdm ddp ing
cdc yéu ciu ngay cang khit khe cda toan bd hé thdng, cic SRC thong lhu'dng trd nén rat
phiic tap vé phin cing, din d&€n ting gid thanh sdn phdm, va trong mot s§ trudng hdp 1a
khong thé thuc hién dudc vdi cdc cdng nghé sdn xudt hién nay.

Vi cdc thanh cong ban ddu cda viéc st dung k¥ thudt hdi ti€p rdi rac trong mién
th&i gian nhiim thay thé cdc gidi thudt DSP théng thudng trong mot s§ ung dung cu thé, k¥
thuat méi nay da thu hit su chii ¥ ciia cdc nha nghién citu ch€ tao va dang dudc phdt trién
trong nhiéu linh vuc khdc nhau.

Bai viét s& trinh bay @ng dung cla k§ thudt hdi tiép rdi rac trong mién thdi gian vio
cdc bd SRC. Céc cd s8 ly thuy€t ciia qud trinh chuyén déi t6c do 18y miu ciing nhu clia k¥
thuat hdi ti€p rdi rac trong mién thdi gian s& dugc gidi thiéu trong phan 2. Phan 3 s& trinh
bay cdc phén tich Iy thuyet va két qud md phdng.

IL. CO SG LY THUYET
1. Chuyén ddi t6c db 1ay miu:

Céc nghién citu 1y thuy&t vé& chuyén ddi ¢ do 18y miu st dung cdc gidi thuat DSP
théng thudng di dudc trinh bay chi tiét trong cdc gido tinh xif 1y s tin hiéu [1]-[4]. Qu4
trinh chuyén ddi td¢ d6 14y miu dugc minh hoa trong hinh 1, trong dé tin hiéu ngd vao x(n) &
tan s6 14y miu F,;, dudc nang tdn s 14y miu [ 1dn bing bd nang tan s& 1dy miu (upsampler)
dé& tao ra tin hiéu v(1) & tn s6 14y mau IxF, ;,. Tin hiéu v(l) dudc di qua mach loc thdng thap
v6i ham truyén H(F). Tin hiéu w(l) & ngd ra cda mach loc dugc di qua bd gidm tan so 1ay

4 A ~ - A ~ e - g = I
mau (downsampler) D lan dé tao ra tin hiéu ngd ra y(m) 6 tdn 0 1dy mau F, o, = BFs'in G
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Hinh 1: Qua trinh chuyén ddi téc d6 14y miu.
Ham truyén cida mach loc thong thap trong mién tan s6 dudc dinh nghia bdi [1]:
I, O0<L|F|<min(F  /2,F /2
H(F)= { P saming )

5,0 s,0ut

. ) (2.1)
0, viung khac

Ty theo quan hé giita tin sd 14y miu & ngd vao va ngd ra, cic SRC c¢6 thé duge
chia thanh 2 loai:
SRC ddng bd (Synchronous SRC): Khi tan s6 14y miu ngd vao va ra 12 hiing s va ty sd giita
ching ¢6 thé duge vi€t dudi dang hitu ty.
SRC bit dong bd (Asynchronous SRC): Khi quan hé giifa tdn s6 14y miu ngd vio va ra la
ngau nhién va ¢ thé thay déi theo thi gian. PE dat dugc ty s tin hiéu rén nhiu SNR cao,
ciac SRC bt ddng bo sir dung gidi thuat DSP thong thudng yéu cdu hé sé ting tin so lay
mau I 14 rat I6n. Mot trong nhitng sdn phdm thuong mai du tién cia cdc SRC bat dong bo 1a
IC AD 1890™  trong d6 sit dung gid tri [ = 65536 nhim dat ty s6 SNR = 96 dB [5].

V6i gid tri I rat 16n, viéc thi€t k& bd loc thong thap trong cic SRC bit dong bd bing
cdc phudng phdp DSP thong thudng ddi hdi phan cing rat phic tap va khé thyc hién. Vi vy
cdc bd loc thong thip trong ciac SRC bat dong bd thudng duge thiét k& sit dung bé loc da pha

. (polyphase filter) [6]. Tuy nhién, vdi cdc yéu cau ngiy cang cao vé ty s SNR, vé tinh khd
thi trong thize hién phan cing ciing nhu vé nhu cdu gidm gid thanh sdn phim, viéc thiét k&
ch& tao cdc SRC, dic biét 1a cdc SRC bdt dong bd doi hdi mot gidi thudt mdi hidu glia hon
cdc gidi thudt DSP thong thudng. Phin ti€p theo s& trinh bay k§ thuit hdi i€p rdi rac trong
mién thai gian.

2. HAi ti€p rdi rac trong mién thdi gian:

Ky thuit hdi ti€p rdi rac trong mién thdi gian da dugc sit dung thanh cong trong mot
s0 tng dung [7]-[10]. Cau tnic co sG cda ky thuat hoi ti€p rdi rac trong mién thdi gian duge
trinh bay bing sd db khéi trong hinh 2.

Vigiz) kz’ Voue(2)

Hinh 2: K§ thuét hdi ti€p rdi rac trong mién thdi gian.
Ham truyén clia cdu tric trén trong mién z duge tinh bdi:
V,.(2) kz™
Vo(2) 1-z2"+fk”

i

(2.2)

Khi bing thong tin hiéu nhd hon rat nhiéu so véi tin s6 14y miu (BW << Fy): z — 1.
Tit phuong trinh (2.2) suy ra: Veu(z)/Vin(z) — 1/. Nhu vay, cling tudng tu nhu mach hoi tiép
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diing op amp, d6 1gi clia cdu tric trong hinh 2 tién dén gid tri hing s6 ma khong phu thude
vao dd 1gi clia bd tich phan k khi BW << F,.

Ngoai tinh chat trén, ciu tric hoi ti€p rdi rac trong mién thdi gian con c6 rdt nhiéu wu
diém cilia cdc mach hdi ti€p st dung op amp, vi du nhu ngd vao ngin mach 4o (virtual short
circuit), hay kha nidng dinh dang nhiéu (noise shaping),... [11]. Céc tinh chdt nay cho phép k§
thuat hdi ti€p rdi rac trong mién thdi gian ¢6 thé dugc sit dung hiéu qui trong cdc hé thdng
X 1y tin hidu rdfi rac ddi hdi d6 chinh xdc cao. Phan ti€p theo s& trinh bay ng dung cia k¥
thudt nay trong cdc SRC. . .

IIL, SRC SUDUNG KY THUAT HOI TIEP ROT RAC TRONG MIEN THOT GIAN
1. Phén tich 1y thuyét:

Sd do khdi cia SRC st dung k¥ thuat hoi ti€p rdi rac trong mién thdi gian duge minh
hoa trong hinh 3.

e A o e Ak i e ey

1
' i
vin'[  pac ' Down-~ Vout
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Hinh 3: SRC sif dung k¥ thuat hdi ti€p rdi rac trong mién thdi gian.
So sdnh vdi cdu triic ciia SRC trong hinh 1, ta thi'y bd loc théng thip da dugc thay
th& biing khdi hdi ti€p bac nhit. Dya vao cdc phin tich ly thuy&t, dd 1gi G va ty sd tin hiéu
trén nhidu SNR ciia ciu tric trong hinh 3 ¢6 thé dudc xdc dinh bdi [12]:

G=|G|F,,/F,, (.1
2 i
SNR = [63 NG| + Gz} (3.2)
trong d6: G, =F, HH[\+H,HF,]' (3.3)
G, = F2, \+ HHF, [ 3. [H.H(E k7] (3.4)
k=0
G, = Fl 1+ H,HE,, " 3. [0 H(F,-4F,,)f 3.5)

k=0
H, H;, H; 14n Iugt 1a ham truyén cla cdc khdi tich phian, DAC & ngd vao va & mach hbi tiép.
Fo : T4n s6 tin hiéu ngd vao.
F.p : TAn s8 14y miu trong mach hdi ti€p.

Céc cong thitc (3.1) va (3.2) ciing c¢6 thé dugc st dung tdng qudt d€ xdc dinh do 1gi G
va ty s8 SNR ciia cdc bd SRC sit dung cdc mach vong hdi ti€p bac cao hon vdi céc gid tri Gy,
G,, Gj thich hgp.

2. K&t qui md phdng:

Hinh 4 trinh bay k&t qud m6 phdng bing MatLAB mt SRC sit dung k§ thuit hoi tiép

r0i rac trong mién thdi gian. Cédc théng s6 cia SRC trong chuong trinh md phdng 1a:
Tin hiéu vao : Am tin : Fy =20 Hz-20 kHz.
Tan s6 14y miu ngd vao : Fyj, = 8x44100 Hz.
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Tan s6 18y mau trong vong hdi ti€p : Fyy, = 128x48000 Hz.
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Hinh 4b: K&t qud md phdng — Ty s6 SNR.
P& so sdnh, trén hinh 4 ciling trinh bay két qué phén tich 1y thuy&t cia SRC tuong
tng. Chiing ta riit ra mo6t s6 nhan xét sau diy: '

-Céc két quz md phéng va 1y thuy€t 1a phi hgp nhau v6i sai s8 khd nhd, qua dé chitng minh
tinh chinh xdc clia cdc phan tich 1y thuyé&t dd dugc thé hién trong phan trudc.

- V6i cdu triic trong hinh 3, ky thuat hdi ti€p r&i rac trong mién thdi gian cé thé dé dang dudc
md rong dé st dung trong cdc b6 SRC bat dong bo.

-Mic dii ¢6 cdu triic khd don gidn vdi mach vong hdi ti€p bac nhédt, SRC duge khdo sdt dd
c6 SNR > 80 dB ddi v4i tin hiéu 4m tAn. Hon nita cdc phan tich cho thdy khi bic c¢da mach
vong hdi ti€p cang 16n thi ty sd SNR cang cao, do d6 k§ thuat hdi ti€p 1di rac trong mién
thdi gian hoan toan c6 thé duge sit dung trong cdc ing dung 4m tan vdi yéu cau chat lugng
cao.
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IV. KET LUAN

Ky thudt hoi ti€p rdi rac trong mién thoi gian véi nhidu wu diém twong oy nhu op amp
da dugc sit dung thanh cong trong nhiéu linh vyc. Bai viét dd gidi thiéu wng dung cla k§
thudt mdi nay vao trong bé chuyén ddi t5c do 14y mau. Cac phén tich 1y thuy&t chinh x4c da
dugc dua ra va dugc kiém ching bing chuong trinh md phdng. Céc két qua nay ddng thai
cting khing dinh tinh khd thi cta k§ thuat hi ti€p rdi rac trong mién thdi gian Wng dung
trong cdc SRC, ddc biét1a cdc SRC am tan bt ddng bo.

A SAMPLING RATE CONVERTER USING DISCRETE-TIME FEEDBACK

Le Tung

ABSTRACT: The sampling rate converter (SRC) is used when systems operating at
various sampling rates are connected to each other. In order to obtain high signal-to-noise ratio
(SNR), especially in systems with random and time-varying sampling rates, SRCs using
conventional DSP approaches are very difficult to be designed and manufactured. This paper
introduces the SRC using discrete-time feedback. Theoretical analysis and simulation results

presented in this paper will illustrate the advantages of this new approach over the conventional
DSP algorithms used in the SRC.
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