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THIET KE BO LOC CIC VA FIR CHO MODUL THU VO TUYEN
SDR SU DUNG CONG CU MATLAB SIMULINK

VA SYSTEM GENERATOR

DESIGN CIC AND FIR FILTER FOR SDR WIRELESS RECEIVE MODUL

USING SYSTEM GENERATOR AND MATLAB SIMULINK

TOM TAT

Nhiu ndm gan day, cting st phat trién clia ky thuat xr Iy s6 tin hiéu, cong
nghé s6, sir phét trién manh mé vé cong nghé béan déan d4 dua ra mot gidi phap
phirong phap thiét ké mdi trong cac hé thng thong tin khdng day néi chung va
déc biét doi voi viéc thiét ké hé thong thu radio. Viéc khai thac ki thuat thiét ké
hé thong s6 va x& Iy tin hiéu s6 da dan thay thé hau hét cac phan cling trong tu
bang viéc cAu hinh cc ham chirc ndng thu béng phan mém. Muc tiéu clia bai bao
trinh bay ndi dung Iy thuyét va thiét ké b0 loc CIC, FIR cho modul thu vd tuyén.
Viéc thiét ké va md phang duoc thuc hién thong qua cong cy Matlab Simulink va
Generator Xilinx. K&t qua nghién clru nay dwgc xem nhw nén tang co s¢ ban dau
@€ phét trién lién quan dén thiét ké cac hé thang s6 khac sau nay.

Tir khéa: BO lgc CIC va FIR; vd tuyén dinh nghia mém; modul thu v tuyén.

ABSTRACT

In the recent decades, with the aid of digital signal processing technique,
digital technology and the rapid development of semiconductor technologies a
new design paradigm has been emerged as a dominant solution for wireless
communication in general and especially for radio receiver design. In this design
method, digital system design techniques and digital signal processing are
exploited as much as possible, thus replacing almost analogue hardware by
configuring receiver functions in software and firmware. The decimation filter
design and simulation through programs MATLAB of Mathworks and the System
Generator of Xilinx .The goal of this paper primarily proves the concepts and
design solution for CIC and FIR in wireless receive modul, which can be
considered as a starting point for further development and enhancement in the
future work.
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1.GIOI THIEU

Kién tric va cong nghé ché tao may thong tin vo tuyén
SDR [1, 4, 17] van dang tiép tuc duoc nghién clru phat trién
va ngay cang hoan thién, dap (rng nhu cau da phuwong tién,
da dang héa dich vu trong théng tin lién lac. May thu vd
tuyén theo kién tric siéu ngoai sai (Superheterodyne
Receiver) truyén thdng dwgc phat minh béi Armstrong tl
nam 1924, da dwoc nghién clru phat trién lién tuc hién van
dang dwogc st dung réng réi trong cac linh vuc cla doi séng
x&8 héi. Cac may thong tin lién lac truyén théng chi yéu dua
trén k¥ thuat xt ly tin hiéu twong ty va cong nghé mach roi
trén toan tuyén ca thu va phat. Céng nghé va ky thuat
tuong tw c6 nhiéu han ché vé kha nang dap (ng nhu cau
trao ddi thong tin, chat lvgng thiét bi bi anh hwang lon bai
diéu kién moi trvong va su gia hoéa linh kién. Ngoai ra, cdng
nghé nay cling han ché vé tinh mém déo, kha nang mé
rong, tinh déng nhat clia san pham. Clng véi s phat trién
cla cdng nghé vi dién ti, tir kién trdc may thu siéu ngoai
sai truyén théng, hién nay cac nha san xuat dang dong thoi
trién khai nghién ctru phat trién cong nghé may thu nham
tang tinh nang, giam kich thuéc trong lvgng va nguon tiéu
thuy, tang do6 tin cay, gidm chi phi van hanh. Vé6i sy phat
trién cdng nghé dién tir s6 clng véi sy ho tre clia cac cong
cu xtr ly so tin hiéu, cdng nghé théng tin, may thong tin vo
tuyén cdng nghé mém hay con cé cach goi khac la may
théng tin v tuyén dinh nghia bidng phan mém SDR da
nhanh chéng duoc hién thyc hoa.

V& mét cdu tric so dd khéi chirc nang tuyén thu vo
tuyén dwgc mo6 td nhuw hinh 1. Trong tuyén thu thi Chip
FPGA duoc lap trinh dé thuc thi cac chirc nang tiép theo
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clia tuyén thu nham dua ra théng tin can nhan. Cu thé Chip
FPGA sé& thuc hién viéc nhan chubi s6 liéu sau bo bién dbi
ADC, chuyén d6i tin hiéu vé bang gbc va giai diéu ché tin
hiéu theo dang mong muén dé dua ra thoéng tin can thu
nhan. Tuyén cao tan cé chiic nang thu nhan tin hiéu RF tr
anten bién khuéch dai, loc va bién d6i tin hiéu cao tan RF
xudng tin hiéu trung tan IF = 10,7 MHz v&i mirc du 16n cung
cép cho bd bién doi tvong tw - s6 ADC.

Tuyén cao tan FPGA

LNA MIXER ~ BPF ADC

DSP

LO

Hinh 1. So d6 khi chirc ndng tuyén thu

Viéc lywa chon thiét ké khoi xt ly s6 tin hiéu dwgc thuyc thi
trén phan clrng FPGA ¢6 y nghta quan trong anh hwéng toi
chat lwvgng ddng thoi cho phép thuc hién cac chirc nang x&
ly tin hiéu & mién s6 mot cach linh hoat, mém déo, dd tin
cdy cao va it phirc tap vé cau tric phan clng. T y nghia
khoa hoc, bai bao tap trung nghién ctru viéc thiét ké khoi
Xt s6 tin hiéu bao gdm céc khdi lién quan dén bo loc CIC,
FIR nham thuc hién chic ndng thu nhan tin hiéu déi voi
may thu vo tuyén SDR.

Phan con lai cia bai bao dwoc té chic nhw sau: Muc 2
trinh bay tong quan kién tric clia khéi chirc nang xi ly so
tin hiéu cha khoi thu v6 tuyén. Muc 3 tap trung trinh bay
cdu truc co ban vé ly thuyét, thiét ké bd loc CIC va FIR. Phan
mo phong va danh gia thwc nghiém duoc thé hién thong
gua muc 4. Muc 5 thé hién n6i dung két luan va dé xuét
huéng nghién ctru khoa hoc ti€p theo.

2. KIEN TRUC CHU'C NANG XU LY SO TiN HIEU CUA KHO!I
THU VO TUYEN SDR

Trong phan nay thuc hién trinh bay mot cach tong quan
s0 d0 khdi chirc nang xt ly s6 tin hiéu ctia khéi thu vo tuyén
SDR nhw hinh 2.
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Hinh 2. So d0 khi chirc ndng xi Iy s6 tin clia khdi thu vd tuyén SDR

Trong do:

+ Khéi trén tan xuéng DDC: Khéi tron thue hién nhan tin
hiéu bang gbc (tuyén phat) va tin hiéu IF = 10,7 MHz véi
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dao dong ndi sd DDS dé dwa tin hiéu thu vé bang goc dé
thuc hién gidi diéu ché.

+ Khai loc gidm tdc tich phan rang lvge CIC: Day la cac
kh6i IQ_CIC Decimation va CIC Interpolation dong vai tro la
cac bo loc thong thap sau tang tron tan giong nhu trong
module RF Front-End nham loc bd cac thanh phan tan s6
khdng mong mudn sau tron tan. Ngoai ra cac bd loc CIC
con ddng vai trd guan trong trong cac hé théng s6 da toc
dd (Multirate Digital System) cho phép giam t6c do ludng
bit s6 liéu cho phu hgp véi déc tinh tin hiéu trong tang x
ly tiép theo.

+ B0 loc giai thong FIR: Bay la cac khdi 1Q_FIR (tuyén
thu) cda khoi x ly s6 tin hiéu may thong tin cé chic nang
loc 14y tin hiéu trong bang tan c6 ich va loai bd nhiéu
khdng mong mudn, tan sé va bang thong dugc thiét ké
phu hop dé x Iy tin hiéu tai trung tan dau ra.

+ Khoi diéu ché va dai diéu ché tin hiéu MOD/DEMOD:
La cac khdi co ban trong tuyén thu/phat may théng tin cé
chtrc nang ngugc nhau. Khéi MOD c¢6 chirc nang diéu ché
tin hiéu theo dang mong mudén (AM, SSB, FM, FSK, PSK,
QAM,...) dugc quyét dinh béi dau vao chon dang diéu ché.
Trong khi d6 kh6i DEMOD c6 chirc ndng giai diéu ché tin
hiéu thu dugc. Khoéi MOD/DEMOD thuc hién & mién s6 dam
bao tinh linh hoat, mém déo trong thiét ké va phat trién
(rng dung cho phép cau hinh lai, phéat trién thém chirc nang
ma khong can thay ddi nén phan clrng.
3.CO'SO LY THUYETBO LOC CIC VAFIR
3.1.BblocCIC

Trong cac giai phap doi téc dé cap & [13], chi c6 mot s6
it gidi phap c6 tinh dén hiéu qud tinh toan trong cac hé
théng vo tuyén mém. Cac bd loc CIC trong [14, 15] thuc
hién chirc ndng déi téc mot cach hiéu qua do chi sir dung
cac module cong/trir va thich nghi voi cac ¢’ng dung vd
tuyén mém. Hinh 3 minh hoa kién tric bd loc CIC c6 béac
N, + N, duoc thiét ké dé thuc thi chirc ndng d6i toc voi hé
s6 R/L [11], trong d6 N; va N, lan lvot la s6 tang comb va
integrator xép chong véi nhau trong kién trdc giam toc. Vi
trwvong hop ¢6 dinh, hiéu nang thuc thi cta cac bd loc CIC
c6 thé duoc cai tién bang céach thay d6i bac bo loc dé diéu
chinh kha nang triét nhiéu anh va thay déi do tré ctia cac
tdng Comb dé diéu chinh bang thong.

Interpolation Combs
Stage 1

Interpolation Integrators

Stage N, Stage 1 Stage N,y

Input

Decimation Integrators
Stage N Stage 1

Decimation Combs
Stage N, Stage 1

Output

Hinh 3. B loc CIC d6i toc bacN, + N,
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Ham truyén dat cta bd loc CIC trong kién trdc giam t6c
vGi hé s giam téc R/L bang céc b tich phan rang lvoc xép
chdéng cho mot tan sb trung gian. Ham truyén dat clia bd
loc nhw sau [13]:

—-RM\N; ~LM\N,

H.(2) = 1-z"H"ma-z2)

1-zM"

RM-1 N /M-t N,
(&) (2]
k=0
Trong doé: R la hé s6 tang téc, L 1a hé s6 gidm toc, N la
bac clia bo loc CIC (N =N, + N,); va M la do tré clia mdi tang
Comb.
3.2.BOlocFIR
B0 loc FIR ¢c6 dap (ng xung chiéu dai hiru han véi ham
truyén dat hé thdng c6 dang:

1)

H(z) =h)+h)z ™ +---+h(N-1)z"" = Eh(n)z*” @)

Nhw vay, dap (’ng xung h(n) la;

h(n) 0<n<N-1
h(m = { o other ®)
Phuwong trinh sai phan la;
y(n) =h0)x(n) +h@Qx(n-D) +---+h(n—=Hx(n—-N+1) (4)
Tir phwong trinh (2) ¢6 thé biéu dién cdu trac bo loc FIR
ki€u truc ti€p nhu hinh 4.

x(n)

» + } - + > + }—»{ )
£ i

Hinh 4. Cau trdc tryc tiép ctia bd loc FIR

Trong truong hop lwa chon cac tham so cda bd loc FIR
nhu sau:

+ Chiéu dai b6 loc: N =12;

+ Tan sd 18y mau F,=10MHz,

+ Tan s6 dai chan: Fy,, = 20kHz;

+ Tan s6 dai thong: F.s = 7kHz.

Khi dé dap (ng bién d6 ctia bd loc dugce thé hién nhw
hinh 5.

~ Magnitude Response (dB)

Magnitude (d8)

R

Frequency (kHz)

Hinh 5. Dap trng hién dd clia bg loc thong thép FIR véi N =12

3.3. Thiétké bd loc CICvaFIR

System generator la mot cong cu thiét ké hé théng giup
cho viéc thiét ké cac ing dung phan cirng trong FPGA va
mo6 phéng Simulink. B4 la mdt méi truong thi€t ké rat
manh trong viéc thiét ké phan crng. Systerm Generator c6
kha nang mo hinh héa cao va c6 thé dich cac thiét ké clia
nguoi dung sang ngbén nglr phan cltng trong FPGA mot
cach ty dong chi véi mot thao tac don gian. Thém vao dé
System Generator con cho phép xadm nhap vao céc tai
nguyén trong FPGA & muc thap hon, qua dé cho phép
nguoi st dung thuc hién cac thiét ké c6 hiéu suat cao. Sau
khi lia chon cac tham so va cdu hinh cho bd loc CIC va FIR
dua trén cac khoi Block Set DSP Xilinx trong System
Generator c6 so d6 nhu hinh 6.
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Hinh 6. So d6 khdi bo loc CIC va FIR
4. KET QUA MO PHONG VA BDANH GIA THUC NGHIEM

Trén co s& thiét ké bd loc CIC va FIR & phan 3.3 tién
hanh thuc hién két néi chirc nang khéi CIC va FIR nhu hinh
7. Tién hanh md phéng va lwa chon cdu hinh chirc ndng cho
b loc CIC va FIR dé nhan duoc tin hiéu trong mién thoi
gian va mién tan s6 nhu hinh 8 va 9.

::H BFFT j}' =
MIX_lQ o 10
» g
MIX_Qscope CIc_Q Scope
: ot
RFn
™ Noer 0 piCIC|  Clel r’
i
AM_waveform N
. s see
sine
N
[Ty »1010.0 Cica. il
DS, cosie. =
i Lofe | IR N
Noise 10_Mixer 10.cic Qout Scope Fir
003 Compiler 40

10_FR

Hinh 7. So d6 md phang chiic nang khdi loc CIC, FIR

K&t qua mod phong hinh 8, 9 da thé hién dwgc van dé
chirc nang clia mach loc CIC ngoai tinh chéat la mét mach
loc con thyc hién giam tdc do6 lubng bit dé dwa vé tin hiéu
bang goc trwéc khi dua vao bd loc FIR.

S6 D3c biét 2018 e Tap chi KHOA HOC & CONG NGHE | 19



CONG NGHE

B3 6% &3 6% &% 64 6@ 64

Tneofiset 0

Hinh 8. So sanh tin hiéu sau cac khdi Mixer, CIC, FIR trong mién thi gian
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Hinh 9. Phé tin hiéu sau cc khi Mixer, CIC, FIR

Hinh 10. M6 hinh két ndi modul vdi thiét bi ngoai vi dé danh gia

Khai loc CIC két hop FIR sau khi thiét ké két hgp véi cac
khoi tron tan DDC va khoi diéu ché va dai diéu ché tin hiéu
MOD/DEMOD duoc thuc thi xubng modul thu v6 tuyén
SDR. S dung tin hiéu am tan duoc diéu ché séng mang cé
tan s6 10,7 MHz v6i phuong thirc diéu ché FM thdng qua
thi€t bi tron tan. Tin hiéu sau thiét bi tron tan duoc két noi
truc ti€p vao modul thu. Tin hiéu ra ctia modul dé danh gia
duwoc cung cap qua loa nhu hinh 10. Két qua thwc nghiém
cho thay viéc thiét ké bo loc CIC va FIR khi dwgc thuc thi
xuéng modul thu da nhan dugc tin hiéu hoan toan giéng
V@i tin hiéu gc ddng thoi da xi ly loc nhiéu tot.
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Hinh 11. Tin higu &m tén va phd tin hiéu cla tin hiéu thu

K&t qua pho tin hiéu am tan va phd tin hiéu & dau ra
modul thu dwgc thé hién & hinh 11. Quan dbd thi pho tin
hiéu da thu dwoc pho co6 tan s6 IF = 10,7MHz ddng nhw
tham s6 khi thiét ké dwoc cau hinh.

Ngoai ra dua trén céc so liéu & bang 1 tir may phan tich
am tan doi véi tin hiéu thu sau khi dugc xtr ly & modul thu
hoan toan phu hgp véi céc tiéu chi ky thuat dwoc tinh toan
va thiét ké. Bay ciing la co s& khoa hoc quan trong trong
gué trinh diéu chinh cac tham s6 cdu hinh mém dé nang
cao hiéu qud loc trong viéc x{ ly tin hiéu.

Bang 1. Tham s ky thuat tin hiéu thu

TT | Chitiéu Ponvi Giatri
1 | Tans6 IF dauvao MHz 10,7
2 | Mbctinhiéulr dBm > -60
3 | Tystinhiéu trén tap m (SNR) dB >-20
4 | D9 rongdieu ché FM KHz 200
5 | TocddADC MHz 100
6 | SObit ADC bit 14

7 | SObitDAC amtandaura bit 12

8 | Mictinhiéudmtanra vV 1,98

5. KET LUAN

Bai bao da thuc hién viéc nghién ctu ly thuyét co s& vé
bo loc s6, dua ra phuong phap thiét ké mé phéng bo loc s6
CIC, FIR. K&t qua clia bai bao la thiét ké duoc b loc CIC két
hop v&i bo loc FIR cho modul x& ly tin hiéu khéi thu may vo
tuyén SDR. Két quad md phoéng viéc két hop hai bd loc CIC
va FIR dé cho thay viéc lia chon cac tham s6 clia cac bo loc
da minh chirng duwogc chic nang loc hiéu qua. Qua két qua
cla phan thuc nghiém da thé hién ré viéc két hop bd loc
CIC va FIR da thuc hién duwgc chirc nang loc dé xt ly tin hiéu
trong tuyén thu vo tuyén. Phuong phap thiét ké nay gilp
cho nguoi thiét ké gidm duwoc cong stic va thoi gian thiét ké,
nang cao hiéu qua kinh té va quan trong hon nita la
phuong phap thiét ké nay mang tinh mém déo, co6 thé dap
(rng dugc yéu cau ki thuat méi clia cac cong nghé tién tién.
Day la mot xu hwdng maéi trong viéc thiét ké cac san pham
s6. Nhirng két qua nghién ctru la nén tang co s& ban dau dé
ap dung trién khai thyc hién bd thu phat trong may théng
tin vO tuyén SDR sé duoc dé xuat d6i véi cac nghién cliru
ti€p theo.
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