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Nghién cu’u, thiét ké bo ddo tin 1én va dio tan xuong cho cac hé thong Vo
tuyen cAu hinh mém hi¢u qua tai nguyén trén cong ngh¢ FPGA
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Tom tat

Bai béo trinh bay kién triic va thyc hién b dao tan 1én
va dao tan xudng sb trén chip FPGA véi tai nguyén
t6i wu c6 kha nang thich hop cho sy phét trién cua
cong nghé vo tuyén cau hinh mém. Chiang c6 thé ap
dung rong rai trong cac g dung xir 1y tin hiéu s6 va
cac hé thdng thong tin s6. Minh hoa thiét ké cho hé
thong thu phat dya trén k¥ thuat didu ché QPSK.
Thiét ké dugc thuc hién béng cong cu System
Generator for DSP 14.7.

Tir khoa: Bo dao tan 1én, DUC, bd dao tan xudng,
DDC, diéu ché va giai diéu ché QPSK, bo loc c¢6 dic
trung cosin ndng can bac hai, bo loc thong thap nua
bang, bo loc CIC, bd loc bu CFIR, Bo t6 hop tan sd
tryc tiép DDS, System Generator.

Abstract:

This  paper presents the architecture and
implementation of digital up and down converter
targeting an FPGA device with efficient resources
which are well suited for the evolving technology of
software defined radio systems. They may be widely
adopted in the applications of digital signal processing
and digital communication systems. Demonstration of
design of transceiver systems with QPSK modulation
technique. This design is done by the System
Generator for DSP tool 14.7.

Keywords: digital up converter, DUC, digital down
converter, DDC, QPSK mapper and demaper, Root-
raised-cosine filter, half band low pass filters, CIC
filters, Compensation Filter CFIR, direct digital
synthesizer DDS, System Generator.

Ky hi¢u
Ky hiéu Pon vi Y nghia
T Chu ky ldy miu cua tin
hiéu
Bién d9 tin hiéu
|t| Tri tuyét dbi cua t
Bac cua bo loc $6
x(n) Tin hiéu dau vao bo loc
y(n) Tin hiéu dau ra bo loc
h(n) Pap ung xung ctia b loc
H(z) Pap tng cua by loc sb

trong micén Z
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H(w) Dap tng tan s6 cta bo loc

H, (w) Dic tuyén tan sb phia b
phat

H; (w) Dic tuyén tan sb phia b
thu

* Phép toan tich chap

4(n) Ham xung don vi

W Dai thong

B He¢ s6 1am phing

R Heé s6 ndi suy / giam mau

Chir viet tat

QPSK Quadrature Phase Shift Keying

SDR Software defined radio

DUC Digital up converter

DDC Digital down converter

RRC filter  Root-raised-cosine filter

RC filter Raised-cosine filter

CIC Cascaded Integrator-Comb filter

CFIR CIC Compensation filter

HB filter Half band low pass filters
DDS Direct Digital Synthesizer
VCO Voltage Controlled Oscillators
MAC Multiply - Add

FIR Finite Impulse Response
FPGA Field-programmable Gate Arrays
| In-phase component

Q Quadrature-phase component
IF Intermediate frequency

RF Radio frequency

ISI Intersymbol interference

1. Phin mé dau

Ngay nay SDR dugc cac ky su thiét ké hé thong vo
tuyén dic biét quan tdm boi kha nang lap trinh va chu
hinh lai. Vi mat do tich hop rét cao va tde do xur Iy
cho phép cao cua cac chip FPGA hién nay da cho
phép thiét ké cac hé théng vo tuyén trong cac dai song
trung binh, song ngin va hau nhu ca dai song cuc
ngén hoan toan bang sb tich hop chi trong mot chip
FPGA. Dbi véi cac hé thong v6 tuyén hoat dong ¢ dai
tan cao hon, FPGA duoc tung dung dé xir 1y tin hiéu ¢
bang tin co s¢ va trung tan.

Trong hé thong v6 tuyén cau hinh mém, thanh phan
duogc cac ky su tap trung phat trién nhét 1a cac b dao
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tan 1én va xudng sb sao cho t6i thiéu héa tai nguyén
str dung nhung dat dugc tdc do cao.

Chinh vi thé, tac gia bai bao da tap trung thiét ké va
thtr nghiém by DDC va DUC trén cong cu System
Generator. Ky thuat diéu ché va giai diéu ché QPSK
duoc Iva chon lam phén xUr 1y tin hiéu bang co sé.

2. N¢i dung chinh
2.1 K§ thuit diéu ché QPSK
Diéu ché QPSK di dugc tng dung rong rai trong cac
hé thong thong tin s0, chang han nhu cac hé thong
truyén hinh s6 mat dat, truyén hinh s6 vé tinh, truyén

hinh cép... Mb ta toan hoc cua diéu ché QPSK nhu
sau.
s(t) = Acos(2rft+6), i=1234. D
2i 1D
o =82 @

Pha cua tin hiéu c6 thé va pha ban dau nhan mot trong

... m 3w 5 Iw
bon gia tri: —,—,—,—.
) 4 4 4
Khai trién cong thirc (1) ta nhan dugc:

s(t) = Acosg, cos(2x f t) — Asing, sin(2r f.t)  (3)

Do d6 c6 thé biéu dién tin hiéu diéu ché QPSK ¢ dang
khac:

s(t) = % I (t)cos(2x f.t) —%Q(t)sin(h f.t) (4)
Trong do:

I(t)=+/2cos6,, i=1234. (5)

Q(t)=+/2sing,, i=1,2,34. (6)

Vi bén gia tri ¢ thé nhan cua goc pha 0, ta thy cac

thanh phﬁn I va Q chi c6 thé nhan mot trong hai gia tri
+1,—1 . Cac thanh phan I va Q nay lién hé tryc tiép

véi chudi bit dit lidu dua vao didu ché.

Thuc hién énn xa theo thir ty bit 1¢ cia dong dir li¢u

vao thanh phan | va bit chan vao Q ta nhin dugc

chom sao nhu mo ta trén H. 1.
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H.1  Mdu tin hiéu va chom sao diéu ché QPSK

2.2 K¥ thuit dio tan 1én s6

Sau qua trinh xtr 1y bang gdc, cac mau dir 1a tin higu
xung c6 chu ky 1dy mau T véi bién d duoc lugng tir.
Chuang ta xét mot xung tin hiéu (xem H. 2) lam dai
dién cho cac mau tin hiéu voi bién d6 ching ta chuan
héa la 1. Biéu dién toan hoc cua tin hiéu nay c6 dang:
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L=
s(t) = )

0,|t|>I
2

s(t)

T2 0
H.2  Xung mdu tin hiéu

T/2 t

Pé thdy dic trung phd, ta thyc hién phép bién ddi
Furier cho tin hi¢u nay:
400 T/2

S(jw) = f s(t)e “dt = f e gt
—0o -T/2
T2 i
S(ji) = 1 o it / _ TsinT /2) ®)
o -TI2T (T /2)

DPic trung bién d6 pho cia cac mau tin hi¢u c6 dang

sm(x) (xem H. 3).
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H.4  Kién triic chung ciia bg DUC

Nhu vay cic miu tin hiéu c6 phd rat rong nén khdng
phii hop trong cac kénh truyén. Pong thoi chung s&
gdy nhiéu gilta cic symbol (nhiéu ISI) do céc hai phu.
Vi thé, tin hiéu sau khi xtr 1y bang gbc can phai dugc
han ché bang thong, dong thoi giam nhleu ISI. Hon
ntra, tin hiéu ¢ bang tan co so can phai tiép tuc dugc
ndi suy dé dat dén toc do ldy miu ma tai do tin hiéu
duoc diéu ché vao song mang IF hoac RF. Do do, cAu
tric tong quat bg DUC (xem H. 4) bao gém t6 hop
kénh loc ndi suy va bd tao dao dong DDS.

2.2.1 Kénh lgc ndi suy i

B6 loc s6 c6 dap ung xung hiru han FIR tong quat la
mot h¢ thong s6 dugc md td boi phuong trinh sai
phan;
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N-1
y(n) =>_wx(n—k) 9)
k=0
Hodc thé hién dudi dang dép g xung (xem H. 5):

Y = 3%, h1-K) = X(0) #h() (10)

; , y(n)
X | h(n) I 50—

H.5 MG ta bé loc s6 theo dép ing xung

N-1 ,0< N
h(n):Zwké(n—k):{;Vng OnN<) (11)
=0
s(n )_{0 N 0 (12)

Thong qua phép bién d6i Z phuong trinh (10) ching
ta nhan duogc:

Y(2) = X(2).H(2) (13)
Két hop v6i bién d6i Z phwong trinh (11) suy ra:
H(z):ﬂzhilwkz’k (14)
X(2) =

Ttr do co thé téng quat cau tric chung cua bd loc FIR
bao gom cac khau MAC (nhu trén H. 6 thé hién b
loc FIR béc 4).

-8
T

T
—414-cos
v

1+ﬁ

e

Dic trung bién do - tin sé H(f) cua bd loc RC phu

T|f|<
2

H(f)=

0f|>

thudc vao hai tham s6 1a T va p. Trong do, p xac dinh
khoang Af vuot qua bang thong ctia bd loc so v6i
dai thong chiém gitr Nyquist.
Af Af

8= W =17 = 2T Af (18)
V6i B ndm trong dai tir 0 dén 1.
Do rong bang thong cua bd loc RC khi nay dugc xéac
dinh:

BW=W(1+3)= 1;—Tﬁ (19)

Bién dbi Furier ngugc phuong trinh (17) ching ta
nhéan dugc dap tng xung cua b loc RC.
h(t) = sin(zt/ T) cos(xBt/T)
(@t T) 1—(28t/T)?
bap tng xung cho thdy hai thanh phén Thanh phin
dau tién c6 dang sin(x)/x dé dam bao rang b6 loc 6
cac cuc khong tai cac thoi diém boi lan chu ky lay
mau (xem H. 7). Nhu viy c6 thé c}e dang trich mau
thong tin theo thoi gian. Thanh phan tha hai 1a ham

(20)
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H.6  Céu tric chung cuia bg loc FIR bdc 4
Tuong tu, st dung phép bién ddi Furier roi rac cac
phuong trinh (10) va (11) chiung ta nhan dugc dap
g tan sb ctia bo loc FIR:

HE) =3 =5 @) (19

Dé xay dung bo loc sd, chung ta can tong hop dap
g xung h(n) hodc d4p tmng tan s6 H(w).
Nhu da phén tich ¢ trén, cic mau dir liéu sé co bién

sin(x)
X

do phé dang , do d6 dé dat duoc muc dich han

ché dai thong tin hiéu trong kénh truyén va giam
nhidu ISI ngudi ta s dung bo loc RC. Bo loc niy
duoc xdy dung theo ti€u chuan Nyquist dya trén céac
xung dang cosine nang (raised cosine pulses) dé xap

: sin(x
xi dac tuyeén dang L .

Bing thong clia mau tin hiéu W khi nay duoc xic
dinh 1a khoang cach tir gbc toa do dén diém khong
dau tién theo dic trung phd bién do (xem H. 3). W khi
nay con dugc goi 1a bang thong Nyquist.

1

=>T (16)

143

2T (17)

<|f|<

cosine dé hiéu chinh cho thanh phan thtr nhat 1am cho
n6 c6 dac tuyen tan so tot hon (xem H. 8).

.

1 "N

=1
|
\
\
|
0
J

H.7 Pac tuyén bzen dé tan s6 ciia bg loc RC

Xét cac truong hop cu thé:

e Khi f=0, dap ung xung cua bd loc RC hoan toan
dang sin(x)/x nén dac tuyén bién do tan s s& co
dang hinh vudng.

e Khi p=1, tir phwong trinh (17) ta thdy dic tuyén
tan so la ham cosine thuan nén don gian hon.
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e [ cang nho thi dac tuyén bién do tan s cua bd loc
cang tien dén hinh vudng, con dap Gng xung tro
nén dao ddng manh hon, nghia 13 kéo dai hon.

hit)

|
)
=05
)

PN
/ = L=~

=1 v\ /ﬁ : A "

H.8  Ddp itng xung cia bg loc RC

Khi st dung dé lam bo loc cho cac symbol, bd loc
theo tiéu chuan Nyquist cin phai c6 thudc tinh loai bo
nhidu 18I, tirc 1a dép ng xung ciia n6 bang khong &
tat ca thoi diém nguyén lan chu ky 1ay mau, ngoai trir
& gbc n = 0. Khi d6, ¢ phia thu néu viéc trich miu
chinh xac thi cac gia tri ciia symbol dugc khéi phuc
hoan toan.

Tuy nhién, cac hé thong thong tin thuc té c¢6 sir dung
céc bo loc phdi hop do anh huong cua tap trang. Do

He (F).H: (f) =H(f) (21)
Dé thoa mén diéu kién phdi hop, dap tmg cua hai bo
loc nay la giéng nhau. Nhu vy ta co:

[He ()] =[H, ()| = {|H ()| (22)
Nhu véy, bd loc RC co thé tach thanh hai bd loc ¢6
dic trung bién do - tin s gidng nhau va bang cin bac
hai ctia b loc nay. Thanh ra, bd loc c6 dap ting bién
do - tan sd nhu vay duoc goi 1a bo loc RRC.
bac tuyén tan sb cua bd loc RRC khi nay co thé biéu
din dudi dang toan hoc bang biéu thirc (23). Bién ddi
nguoc Furier (23) ta nhdn dugc dap ung xung cua bd
loc RRC (24).
So véi dap tng xung cua bd loc RC, dap ung xung
clia bd loc RRC khac khong & cac thoi diém boi lan
chu ky ldy mau ngoai trir trudng hop p = 0. Tuy nhién
dap ung xung két hop & ca phia thu va phia phat tao
thanh dap tng xung cua bd loc RC.

"u\ ) -
'

f, fal) G |

|\

"KK‘.

Z . . 2 oy M N .
do, d¢ thoa man viéc lam giam thiéu anh huong cua TT6 BT 525 RAT WO QA 8 TN e
nhiéu ISI, dap tng xung phdi hop ctia hai bg loc nay ,’-
(rmot I?Q O; phia va mdt ~bQ ‘0 phia thu) thoa man dap H.9  Bdp ung xung ciia b6 loc RRC
ung cta b loc RC. Nghia la:
1) ) &y | ) )
— 'JL'\bl —_— '\T_zl -—> ‘\T_'/ | — k_'/l -3 Q/ —
RRC Filter 3 Inverse Sinc CIC Filter
Half Band Filters compensation FIR
H. 10 Cdu triic chung ciia kénh loc ngi suy
JTf <
2T
T T 1- 1-— 1
Hon (F) = J5{1+cos[” 1]~ ﬁm 5 e <28 +5 23)
0, | f| 1+ ﬁ
N [ -+t
8 2 T 2 T
here ) = 1—= sin|—|+[1——|cos|—||,t=+— 24
RRC ( ) \/_ ﬁ . 4ﬁ 4ﬁ ( )
1 sin 7tQ—8)/T +(48t/T)cos mt(l+3)/T ) {0 N T }
— y I y —
JT (x U T)[1— (48t IT)?] 43

B6 loc ¢6 kha ning ndi suy téc do ldy mau 16n nhit
dugc st dung trong cac hé théng vo tuyén 1a bd loc
CIC. Do d6, céu triic chung sir dung trong cac kénh
loc ndi suy nhu thé hién trén H. 10.

B6 loc CIC ¢6 wu diém 1a cdu trac don gian va toc do
hoat dong nhanh nén thich hgp cho viéc xur 1y tin hiéu
da toc do trong hé thong v tuyén cau hinh mém. Pap
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ung xung cua bo loc CIC co thé duoc mo ta vé toan
hoc bang phuong trinh (25).
0 1,0<n<R-1
n)=
e on¢g O;R—1
Thyc hién bién d6i Z phuong trinh (25) ta nhan dugc
dap g cua bg loc CIC trong mién Z.

(25)
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Hoe @) =3 2" =2 n @R, (29)
Trong do: h

1
H,(z2) = 1,1 (27)
H,(2)=1-z® (28)

H,(z) co6 dic trung ciia mot bo tich phan, trong khi
H,(z) c6 dac trung dang rang luge. Nhu vay, dé thyc
hién loc thong thép va ndi suy, cau triic cua bd loc
CIC thyc hién trudce tién bang cac bd loc rang lugc
sau d6 chén cac mau khong va cudi cung thuc hi¢n
lay tich phan dé ndi suy dir liéu (xem H. 11). Tu d6 ta
c6 cau trac cua CIC ndi suy trén H. 12.

DUC OC Campensasan Fiter (CRR)

. —— | = CFR {desgned)
' ) CFR (quanised)

Magreus (d8)
pater

ﬁ '|‘ i
: .$ % 0
1] | | | ||
” [ 11
ln -

Normalzod Frequency («x radisampie )

X[nly H. 14 Dac tuyén bién dé - tan s6 ctia bé loc bi CFIR
0 9 7 [ - ) , A at . , ”
9 \ [ bé giam anh hudng do viéc ndi suy lén cua bo loc
g 2 3 | = k  CIC, nguoi ta co thé két hop thém cac bd loc HB néu
1 can thiét. Khi nay by loc HB s€ thuc hién mo rdng
)’I"l 1 < A P e R A2 A X
0 bang thong cho kénh loc ndi suy va hoat dong ¢ tan so
Losos BOT, . s sssgesel lay mau thap, nén HB dugc st dung sau b loc RRC.
Lo 1 Magn@ude Respanse Estimats
z[n|y S N . T ]
J 0®990, @ @ g
,r ? 9 = 0 ? ? T T | ) o ? | A
u! 12 3'1“' ..r\ K 3 e | it i "L """"""""""""""""""""" 1
| o6 HB (designed) |
— #i8 (quanfsed) 1.
H. 11 Qua trinh ngi suy cua bo loc CIC (R = 4) { o IR S TR I TR T 1
comb secions ntegrator sections g T Pl St E e e e T e i xi """"""""""""""""" =5
=A] A CEY BB As 2| I T S S SRS S O 1
- - 1 k) L3 1 2 |
-—-‘;» - —al-- e VR L g —\-‘} - ) " ;
A = 1 sample dolay e _-“””“H-““”-”“”“““”---.-’.““TI:H: >>>>>

H. 12 Cdu tric ciia bg loc CIC ngi suy

7y SRRy SRR CE SRtk S e U -1 = Sl £58 55 (S
|
LT ] i
DUC Cascade miegrator Comb (CI5) Fiter (Length » 10, Order = 5 R SR S, SRS o P St &’[P{”*/f
-- g . =S g - { C('H:VIL g 31 02 03 : DS

lmlzed Freguency (x- n‘:chsume

H. 15 Dac tuyen bién dé - tan sé ciia bé loc HB

B6 loc HB chi thyc hién hd trg ndi suy va mé rong

8 v g 3 ' ) | be'“mg thong C}’IO hé théng, nén dac myén bién (716 - tAn
§ = .'| S Ly : . ! sO cia HB can bang phang trong dai thong dé khong
E‘ (¢ f 1\ lam suy hao tin hiéu (xem H. 15).

o2 ' 'X A -

2.2.2 Bj td hop tin sé DDS

B6 DDS thyc hién tao tan sé diéu ché tin hiéu 1én dai
IF hoac RF cho bo DUC. Mo hinh thyc hién ciia DDS
(xem H. 16) dua trén b VCO.

Mmtﬂ;an;-:y-'! masamee | s
H. 13 Ddc tuyén bién dp - tan s6 ciia bé loc CIC ' n::;:n

A ’ A A r 5 A " "
Bo I?C C{C c6 do docg lornAtrong’ dai thor}g (xem HA 13) St Accurnulator |—re=
do toc d ndi suy 16n nén ching ta st dung bd loc Size ' ~—Toane LT
CFIR c6 dic tuyén nang 1én dé bu lai do ddc cua CIC IP ‘ o
(xem H. 14). B6 loc CFIR ndi suy thap nén lam viéc o
véi toc d9 lay mau thap. Do vy, CFIR dimg truéc bd Dol
loc CIC trong hé thong.

H. 16 Mb6 hinh thuc hién bé DDS dya trén VCO
VCCA-2015
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Tin hiéu tir dau ra cia DDS dugc doc tir bang tra luu
trit gid tri cdc mau cla sine va cosine trong bo nhé
ROM nhu dugc thé hién trén H. 17.

address amplitude
n=4 L=8
e .

001! 0011 0001
010! D101 1011 .
0O11 D111 0110 \.|

0100} 0111 1911 ’
"

B p111]
4 bit address + :

1{ 1010 0101 -
RS RERE] R

H. 17 Tin hiéu sine va cosine duoc tao tir b6 DDS

Sau kénh loc ndi suy, tin hi¢u gdm hai thanh phén I va
Q s€ dugc diéu ché IF hodac RF. Chung ta ky hiéu

chung tan sb tao boi bo DDS ws cho ca hai trueong hop
dau ra bo DUC 14 IF hoic RF.

X5 (£) = cOS(w,t) + jsin(w,t) (29)
Tin hiéu trén kénh | va Q sau diéu ché dao tan lén:

X, (t) = I (t).cos(w,t) (30)

(1) = Qt).sin(w,t) (31)

Tin hiéu phat di 1a tong cua hai thanh phan tir hai
kénh I va Q cua by DUC.
X(t) = 1 (t) cos(w,t) +Q(t) sin(w,t) (32)

2.3 Ky thuat dao tin xudng sb

B6 DDC thuc hién chon ra dai tan quan tdm dé
chuyén vé dai bang tan co s va giam tan sé 1dy miu
phil hop vdi bang tan nay.

| calvmean
R | / ,.‘ 5 ' ——m— F Sdomd
 re— e L () Lowpass § g
¢ Fihter I e ¢ Fidex (e
f et [ G
cos 2y, 3 .

N

s st At
RN, AL e S

Togny

H. 18 Cau triic mach RF trong he théng SDR

Kién tric chung ctia hé thong vo tuyén cdu hinh mém
(xem H. 18) thuong bao gom phan RF. Trong d6, khdi
RF thyc hién chuyén tin hiéu dai RF thu dugc tir
anten vé dai IF. Sau d6, bd ADC thyc hién le‘iy mau tin
hiéu rdi dua vao xir 1y trong DDC. Trong trudng hop
dai tin hiéu RF khong qué 16n dé c6 thé thuc hién bd
thu hoan toan s, thi hé théng khong st dung thém
mach RF nay.

A(t)cos(2r it 4+ ¢y ) cos(2m f.t +¢,) = ; ) cos(2m(f, + f,)t + ¢ +¢,) +cos(2n(f, —

A(t)cos(2r fit+ ¢ )sinr f,t+¢,) = — () sin(2n(f, + f,)t +¢ +¢,) —sin(2x(f, —

Bgf) loc phéi hop trong Vg‘mg l’a_“tpqcostas duqc su dul}g
de loai bo thanh phan tan so tong va thuc hién lay
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L

)

'

'

’

: .
: N decimation |
1]

'

'

L

'

'

'
'
'
L]
L
bol |
symbol |
A filters synch. [T 1[n)
3 L
)
cOs .
L
'
| o carrer A
recovery >
' .
' L
' sin )
' '
L .
. ' ‘
- b decimation symbol | , %)
' filters | synch. [ =G [n]
' z '
' L

H. 19 Cdu tritc b6 DDC trén FPGA

2.3.1 K¥ thuét khdi phuc s6ng mang

B khoi phyc song mang trong cac hé thdng vo tuyén
chu hinh mém yéu céu tai tao lai tin hiéu song mang
ca vé tan sb va pha tur tin hiéu thu dugc cé diéu ché dé
ddng bo o thiét bi thu. Cac bd khoi phuc song mang
trong do thuong st dung 1a cac by Costas loops hoac
Squaring loops. Trong do, ky thuat Squaring loops
thyc hién liy binh phuong tin hiéu thu dwoc dé nhan
d6i tan s6 nén yéu cau toc d6 1y mau tin hiéu thu 16n.
Do d06, thiét ké Iya chon k¥ thuat Costas loops.

Matched
X — Fitar

Received ji!! )
signal cos{27 for + 0.} | - ¥
o o SJUNNULIG
—_— VO g u-pu Q-—X
sin(27 fit + oy ) . !
Q' i
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H. 20 Cdu tric bé Costas loops

Ching ta gia thiét tin hiéu ¢ dau vao bo DDC c6 tan
sO thuce té f; dugc mo ta bang phuong trinh toan hoc:
r(t) = A(t)cos2r fit+¢) (33)
Trong thuc té, f; khac tin s§ danh dinh cta tin hiéu IF
fiF tai phia thu do sai s6 ciia bd DDS trong DUC, sai
s0 ctia bd dao dong trong mach RF phia phat va mach
RF phia thu. Trong truong hop cac mach RF (phia
phat va phia thu) c6 b tao dao dong su dung bd vong
lap khoa pha (phase locked loop - PLL) thi sai s f;
khi nay phu thudc chi vao DDS trong by DUC.
Gia thiét, tan sd thiét 1ap ban du cho bd VCO 14 f5.
Pau ra bo nhan tin hi¢u trong vong lap Costas nhén
duoc hai thanh phan tan sb tong va hiéu cta f; va f:

flt+da—¢)  (34)
)t +d —¢,) (3%)

mé}l lai theo tdc d6 cua symbol. Tin hiéu dau ra bo loc
phoi hgp nhén duogc:
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I(t) = ( ) —=cos(2n(f, — f)t+ & —b,) (36)
Q(t) ( ) —sin@n(f, — f,)t+¢ —,) (37)
bat:

Af@)=1f —f,; A¢(t)=Af(O)t+¢ — o,
Thé vao (36) va (37) nhan duoc:

I(t) ( ) —2cos(A¢(t)) (38)
oM = ()sm(Aqﬁ(t)) (39)

Dau ra bo l()c phdi hop mang thong tin vé d6 1éch tan
s0 va pha cua tin hiéu thu dugc va VCO. Véi nhiing
phén tich trén ching ta thiy, sai sb cua f1va fo voi
gia tri tan s6 danh dinh 1a nho, nén sai so6 tuong d6i
cia Af véi tan s6 danh dinh c& 10°% la rit nho khi
FPGA sir dung thach anh lam dong ho té hop céc tan
sO nay.

PAu vao cua bd loc loop filter 1a tich cua hai tin hi¢u
trén hai kénh 1 va Q:

10 Q) = @cos Adt.sin Agt — %sin 2AGt (40)

B6 loc loop filter thic hién loai bo tit ca nhidu tap tac
dong dén thanh phan bién do tai phia thu. Pau ra bo
loc nay ching ta nhan dugc tin hi¢u:

o(t) = % A2 (t)sin 2A ¢t (41)
Véi diéu ché QPSK, sau khi loai bo nhidu tac dong
dén bién d6 thi At)= +L—1 =0 nén dau ra cia

loop filter mang thong tin vé d¢ léch pha va tan sd.

Tin hidu nay sir dung dé hi¢u chinh VCO dua sai léch
nay vé khong. Do d6, song mang dwoc khdi phuc.
2.3.2 Kénh lgc giam miu

B0 loc CIC c6 kha nang giam téc o 14y mau cao nhét
nén dugc su dung trong bd DDC lam b¢ loc déu tién
trong kénh loc giam mau.
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H.21 Qua trinh thiee hién giam mau ciia CIC
Decimating CIC filter

comb soctiors
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H. 22 Céu tric ciia bé loc CIC gidm madu

Xiz) —={R] Yiz) Xte) Yiz)

H. 23 Twong quan dép iing ciia CIC ndi suy va gidm mdu

Xfz) —w! H(2") Yz = Xz

T sy twong quan giita CIC noi suy va giam mau
(xem H. 23) ta thay, dic tuyén H(z) ctua chung la
tuong déng nhu thé hién trén H. 13. Thanh ra, sau bd
loc CIC trong DDC cin st dung thém bo loc bu
CFIR, cac khau loc tuy chon HB dé giam toc do 1dy
mau va bo loc RRC 1am bo loc phdi hop 14y mau véi
tbc d6 cua symbol dé ddng bo (xem H. 24).

Y ~lm® -

N\

CIC Filler inverse Sinc

Compensation FIR

> RRC Fiher
Half 8and Filters

H. 24 Kénh loc gidm mdu trong DDC

Dic tuyén bién do - tan sd va dap ung xung cia cac
bd loc nay twong tu véi thiét ke trong DUC nhu thé
hién trén H. 9, H. 14 va H. 15.

2.4 Cac két qua thir nghiém ciia thiét ké

Thiét ké (xem H. 25) thuc hién thir nghiém véi cac

tham s lua chon:

e Tbc d6 lay miu cac symbol trén hai kénh 1/Q:
1.25MHz.

e Tansb IF: 25MHz

e Tbc d6 noi suy va giam mau: 80

e Mo hinh kénh truyén: Str dung tap tring phat tir
trong FPGA

Cé4c bo mach sir dung dé thir nghiém: NetFPGA-1G-

CML va AD9739A FMC Card

Két qua thir nghiém thé hién trén H. 26 — H. 33. Tai

nguyén chip FPGA st dung khi khong su dyng tap

trang dé mo hinh kénh va c6 sir dung tap tring thé

hién trong bang 1 va bang 2 tuong ung.

e Két qua mod phong (H. 28) va do trén may phan
tich phd (H. 32) ching ta thiy, tin hiéu phat ¢ dai

VCCA-2015

IF c¢6 bang thong 2.5MHz (bang hai lan bing
thong cta symbol trén hai kénh I/Q & dai co s6).

e Két qua phan tich chom sao tin hiéu ¢ phia thu
(H. 29) chung ta thay, chom sao sau bo loc CIC
khong tap trung do nhidu tap tring tir kénh
truyén. Bo loc phdi hop RRC di loc nhidu ISI va
nhiéu tap nén chom sao tin hiéu dugc tap trung.

e Sau giai diéu ché QPSK, tin hiéu dugc khoi phuc
(H. 31 chi thé hién tin hiéu kénh I sau giai diéu
ché va ban tin gbc, kénh Q ciing nhan dwoc két
qua hoan toan tuong tu).

e Chudi bit kénh I cua ban tin gdc tir phia phat va
ctia kénh I sau giai diéu ché trong bo thu duoc thé
hién trén may hién song. Tin hiéu dugc khoi phuc
hoan toan trong b thu, toc do léy mau 1.25MHz.

e Tai nguyén FPGA sir dung cho bo DUC va DDC
(khong tinh dén tai nguyén tao tap tring cho mo
hinh kénh phat) 1a rat nho déi véi chip Kintex-7
XC7K325T-1FFG676 dung trong thir nghiém va
phu hop cho cac chip FPGA tai nguyén nho hon,
chip FPGA thé hé ci.
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Tir nhitng két qua do ching ta thy thiét ké lam viéc  tan sb cao (hé théng dat dugc hon 500MHz nhu trén
dung chirc nang. Thiét ké thyc hién thir nghiém v6i  bang 1), cho phép thiét ké cac hé théng vo tuyén hoan
tan s6 song mang sau DUC 1a 25MHz. Tuy nhién, véi toan s trong mét chip (ching han nhu véi dai séng
cac chip FPGA thé hé méi c6 kha niang lam viéc v6i  ngén va cuc ngén).
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H. 25 Thiét ké thuc hién trén System Generator
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H. 26 Tin hiéu ¢ bang tan co sé sau kénh loc néi suy
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H. 27 Phé tin hiéu DDS trong DUC H. 28 Phé tin hiéu IF & phia phét
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H.32 Phé tin hiéu IF sau DUC thir nghiém trén mach
FPGA

H.33 Tin hiéu ban tin goc tir phia phdt va sau gidi diéu
ché o phia thu thir nghiém trén mach FPGA
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Bang 1.Tai nguyén FPGA st dung khi khéng c6 mo
hinh kénh

Logic Utilization Used Available | %
Slice Registers 3056 407,600 | 0%
Slice LUTs 2356 203,800 | 1%
Block RAM/FIFO 1 445 | 0%
DSP48E1s 42 840 | 5%
Max. Frequency 517.994 MHz

Bang 2.Tai nguyén FPGA st dung khi c6 md hinh
kénh tap trang

Logic Utilization Used Available | %
Slice Registers 9371 407,600 | 2%
Slice LUTs 9254 203,800 | 4%
Block RAM/FIFO 5 445 | 1%
DSP48E1s 139 840 | 16%
Max. Frequency 142.531 MHz

3. Keétluan

Bai bao da thiét ké va thir nghiém cac khdi dao tan 1én
va xudng két hop ky thuat diéu ché QPSK trén co s&
cong nghé vo tuyén cau hinh mém. Thiét ké voi giai
phap t6i uu tai nguyén va tdc do dé cho phép thuc
hién hé théng hoan toan sd trong mot chip FPGA. Piac
biét 12 mo hinh thiét ké c6 thé phu hop va tuy bién
linh hoat cho moi hé théng vO tuyén dua trén software
defined radio.
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