TAP CHi PHAT TRIEN KH&CN, TAP 12, $0 12 - 2008

THUC HIEN HE THONG OFDM TREN PHAN CUNG
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TOM TAT: Ngay nay, kp thugt OFDM (ghép kénh phdn chia tan s6 truc giao) dugc ung
dung trong cdc hé théng hé thong truyén thong s6 nhu: DVB-T, WiFi, WiMAX, hé thong
MIMO[1]. OFDM c¢ thé giri luéng dit liéu o téc dp cao bang cach ding cdc séng mang truc
giao. Ngodi ra, ky thugt OFDM c6 thé tranh nhiéu lién ky hiéu (ISI: Inter-symbol interference)
va nhiéu lién kénh (ICI: Inter-carrier interference)[2]. Vi vay, OFDM da duwgc xem la mjt

cong nghé thiét yéu trong truyén dan toc d¢ cao. Ngi dung chinh cua bai bdo la thuc hién hé

,

thong thu phdt tin hiéu OFDM ¢ dai goc (baseband) trén Kit DSP Development sir dung
FPGA voi ho tro phan mém DSP Builder cua hdng Altera. Két qua nghién ciru cua bai bdo co
thé itng dung trong giang day va phdt trién ky thugt OFDM.

Tir khod: OFDM, DVB-T, WiFi, WiMAX, IS, ICI

1. GIO1 THIEU

Y tuong vé ky thuat OFDM xuit hién tir khoang nam 1950 trong quan syu[1]. Tuy nhién,
viéc nghién ciru va ting dung phd bién k¥ thuat ndy chi phat trién rong rai trong vai ndm gan
day. OFDM la hé théng sir dung hiéu qua bang thong bing cach ding cac song mang con
(subcarrier) truc giao. Trong mot symbol OFDM c6 th& chtra rat nhiéu subcarrier ma khéng
can phai co khoang phén cach 16n, nho vay, biang thong dugc tan dung hiéu qua. Cung voi do
1a viéc thuc hién OFDM kha don gian véi thudt toan IFFT cho luéng phét va thudt toan FFT ¢
ludng thu. Pay la cac 1y do chinh cho sy phd bién cua OFDM trong céc hé thong thong tin
hién nay va trong tuong lai. Bén canh do, viéc sir dung cyclic prefix 1a mot dong gop quan
trong gitip ky thuat OFDM khéc phuc duge cac hiéu img da duong(2]. O nudc ta, phan 16n cac
nghién ciru vé OFDM chi tép trung vao ly thuyét hoic md phong trén may tinh. Trong khi do,
muc dinh ciia bai bao nay 1a thiét ké mot hé thong thu/phat tin hi¢u & dai goc sir dung k¥ thudt
OFDM trén bd Kit DSP Development. Nhiéu khéi cua hé thong dugc thiét ké cho chuén
802.16 (WiMAX).

2. TONG QUAN VE OFDM

OFDM 14 k¥ thudt truyén khéi. Dit lidu sau khi thyc hién anh xa chom sao (vi du BPSK,
QPSK, QAM,...) tl}énh cac sympol dir liéu & dang phirc, cac symbol dir liéu nay s& dugc sdp

xép thanh timg khéi va diéu bicn trong mot nhém séng mang con rat sat nhau. Khoi séng
mang con nay tao thanh mot symbol OFDM. Céc luong dir liéu c6 thé diéu khién dé chiém
mét hay nhiéu kénh con hodc todn bd symbol OFDM. Tin hiéu OFDM dugce truyén di 1a da

hop cua céac ludng dir liu nay.

2.1.Symbol OFDM

Mgt symbol OFDM bao gom N séng mang con tryc giao dugc diéu bién bing N ludng dir
liéu song song. Dé thuan tién, tin hiéu OFDM dugc trinh bay ¢ dang dai gbe fi, dé chuyén
thanh dang dai qua, tin hi¢u nay s& dugc trn voi song mang f, : f, > f.+fi. Mdi subcarrier c6
dang nhu sau:

— 2 [l
¢k(’)—€ (1)
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/ 1 tan s tuong tng véi chi sb k ciia subcarrier trong symbol OFDM.
Tin hiéu OFDM dai géc cua N séng mang con la:
S;,(t)—\/—Zamk(t) 0<t<NT )
i 18 symbol phire thit k trong chudi dir liéu sau khi thuc hién diéu bién dai gbc, NT
la chiéu dai ctia symbol OFDM chira N subcarrier, T 14 thoi gian ldy miu. M3i subcarrier cach
; 1
nhau mdt khoang (spacing) déu nhau: Af = Il /, dugc tinh theo cong thire:

k
Ji =NT (3)

Céc f, trén khi tron véi séng mang & tin sb /. tao thanh bd N séng mang tryuc giao.
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Hinh 1. Vi du tong hop céc song mang con truc giao

Hinh l mo ta su tong hop céc song mang con truc giao, Céc song mang con dugc tao ra
véi tan sb theo cép s6 cong, cong sai Af, khi phén tich phd tin hiéu tdng hop cua N séng

mang con d6 ta dugc phd nhur hinh 2.

i

MO viviviy

-J -2 -1 0

Hinh 2. Phé cuia cdc séng mang con tryuc giao

Nhéan xét thir nhét 1a cac pho dang sinc nay chdng lap 1én nhau, khoang cac gilra hai phd
chinh bang do rong ctia mdi phd. Nhén xét thir hai 1a khi mét phé dat cuc dai thi tat ca cac
thanh phan con lai déu & vi tri cuc tidu. Day la cic dic diém gitip cho OFDM st dung hiéu qua
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bing thong truyén, cac dai con khong cAn phai ¢ phén céch tin sé nhu & da hop phan chia tan
s0.
Diém dic biét nita cia OFDM la cach thic thyc hién khé don gian. Nam 1971, Weinstein
va Ebert dé nghi cach thyc hién OFDM roi rac nhu sau:
j2:rﬁ
N

; 1 &
Sm(”T)::/—‘—A?Zam,ke , 0<n<N-1 (¥
k=0

Péy chinh la bién dbi Fourier ngugc rdi rac (IDFT) cua chudi a,,, , diéu ndy lam cho viée

thyc hién OFDM tré nén dé dang vi DFT/IDFT la cong cu co ban da dugc thuc hién hiéu qua
ca phan ctng 1An phin mém. Viéc giai da hop tin hiéu OFDM s¢ la bién ddi Fourier roi rac
(DFT).
2.2. Cyclic Prefix

Heé théng sir dung OFDM gép hai van dé kho khin. Mt 1a khoang cach gifra cac subcarrier
nho dan dén d& xay ra can nhiéu lién séng mang (ICI). Kho khan thir hai 1a khi cac symbol
OFDM dugc truyén lién tiép, néu dép (mg cta dudmg truyén kéo dai s& xdy ra can nhiéu lién
ky hiéu (ISI). Néu ta phén céch cac symbol OFDM bing nhitng khoang zero im lang thi van dé
ISI c6 thé duoc giai quyét nhung ICT thi khong thé khéng ché dugc. Nam 1980, Peled va Ruiz
dua ra y tuong ding doan cyclic prefix. Pay la phuong phap 1dy mot phén dir liéu cudi chép
1én diu tin hiéu OFDM, nhr vay, cyclic prefix co thé giai quyét ca ISI 1an ICL Vige sir dung
cyclic prefix dugc minh hoa & hinh 3[1].

Symbol period N
Ts d
/
> T
Fé X

NS N .

—_— i A i —p
ith DFT window timing
(Observation period)

Hinh 3. Tin hiéu OFDM voi cyclic prefix

Khi thém cyclic prefix, tin hiéu OFDM duoc biéu dién lai la:

1 N-1
S (t)=—4=2.a, (1) -A.<t<NT 5
( Jﬁé G " (5)
voi Ag la khoang cyclic prefix

Khoang cyclic prefix duge chon sao cho 1on hon théi gian dap ung cua kénh truyén va
thudng 12 mot trong céc thong so thich nghi cua h¢ thong dé dam bao tdc dd truyén tot nhat.

Viée dung thém doan cyclic prefix ¢6 mdt hgu qua 1 ta phai mat thém mét luong nang luong
cho cyclic prefix va lam chdm toc d¢ truyén.

3. CONG CU THIET KE

~ Phén thiét két dugc thyc hién trén DSP Builder. DSP Builder 1a mét ti¢n ich do Altera thiét
ké nhim h trg nguoi sir dung ¢6 thé thiét ké nhanh chong cac tmg dung xr 1y tin hi¢u s6. DSP
Builder chay trén nén Simulink cua Matlab va thira huéng kha néng md phong cuia Simulink.
Vi vy dé sit dung duge DSP Builder ngudi sir dung can biét vé Matlab va Simulink trude.
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DSP Builder tao ra mgt méi trudmg than thién dé thiét k& cac hé DSP. Nho nhimg khéi
chirc ndng san c6, viéc thiét ké tré nén d& dang. Ngudi sir dung c6 thé tao ra ting dung mong
muoén va mé phong bing Simulink dé kiém tra két qua. Quan trong nhat 12 DSP Builder cung
cap cong cy chuyén dbi thiét ké thanh dang VHDL cho phép bién dich va téng hop thanh cac
cau hinh phan clng, cho phép rit ngin thoi gian bién y tudng thanh hién thuc. Song song do,
DSP Builder con cho phép xay dung thém cac khéi bing ngdn ngir Verilog hoac VHDL.

DSP Builder c¢6 cac khdi chta bit va chu ky chinh xac nén thuc hién duoc cac chirc ning
vé sb hoc, luu trit, vi du nhu céc giai thuét vé stra 151, vé loc. Chung ta co thé tich hop nhimng
chirc nang phirc tap bing céch sir dung cac MegaCore Functions trong DSP Builder model.
Céc Function nay ting cudng sitc manh cho DSP Builder va mé ra kha nang phat trién rong
1¢n.Phén thi nghiém thyuc hién trén Kit Stratix DSP Development. Day 1a mét bd kit FPGA c¢6
nhiéu khdi chirc ning manh mé, linh kién FPGA thudc ho Stratix 5ns, c6 sin cac bd
ADC/DAC téc d6 cao[3].

4. THIET KE HE THONG

H¢ théng OFDM gdm bd randomizer - derandomizer, channel encoder-channel decoder,
IQ mapper - IQ demaper, symbol OFDM, signal OFDM, channel estimation, va equalizer. Di
liéu sau khi qua bd ngﬁu nhién héa s& dugc dua qua bd ma hoa kénh. Day la khdi c6 nhiém vu
sira céc 16i bit trong qué trinh truyén dir lidu. B$ mi hoa sira sai dugc st dung la
convolutional code. Sau d6, cac bit dir liéu dugce chuyén tudn tu vao khdi 4nh xa chom sao
(constellation mapper). Phép diéu bién duoc sir dung la QPSK theo ma Gray. B¢ tao symbol
OFDM c6 nhiém vu ghép cac dit liéu cua data, pilot, thanh phan DC va cac sé “0”. Symbol
ndy s& dugc qua b ndi tiép sang song song, FFT va song song sang ndi tiép dé tao thanh tin
hiéu OFDM. Tin hiéu truéc khi truyén s& duoc cong thém véi mot doan cyclic prefix. Tin hiéu
OFDM sé cong véi nhidu duoc luu trong bo nh¢ va dén phia thu. Phia dau thu thuc hién cac
qud trinh nguoc lai nham 14y lai thong tin ban dAu. Tuy nhién, tin hidu qua kénh truyén ludn bi
anh huong béi céc hién tugng nhifu xa, tan xa, hip thu... lam cho tin hiéu phia dau thu bj sai
1éch. Vi vdy, phia ddu thu can mét by can bang cé dép tmg 1a nghich dao cua kénh truyén.
Diéu nay g6p phan han ché cac anh huéng cta kénh truyén 1én tin hiéu truyén.

Dir liéu dung dé kiém tra hé thong dugc tao bing phuong phép ngau nhién va dit trong bd
nhé. Viéc kiém tra hoat dong timg khdi va cua ca hé théng dugc thyc hién bing cong cu
Signal Tap ciia Altera. Kit s& két néi voi mdy tinh thong qua chuin JTAG (Joint Test Action
Group). Tin hi¢u OFDM dugc bién déi tir s6 sang twong tw (DAC) va hién thi két qué trén méy
phén tich pho (spectrum analyzer). Hé thong xur ly trén tin hiéu dai géc. Vi vay, phan khéo sat
phd ciia hé théng dugc thuce hién trén ting gid tri thuc va 40. M6 hinh nghién ctru cia bai béo
duoc trinh bay & hinh 4,
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Hinh 4. So db khdi hé thong OFDM

4.1. Mach randomizer va derandomizer

Ngiu nhién hoa duoc thyc hién trén timg symbol. Da thirc tao chudi ngiu nhién PRBS
(pseudo-random binary sequence) 1a “1 + X'* + X'*” [4] nhu hinh 5. Tung byte data s& tuén tu
di qua by randomizer, MSB vao trudc. Gia tri dugc khoi tao cho ludng uplink la
100101010000000°. Thanh ghi dich cta b randomizer s& dugc khoi tao lai sau mdi khoi
data. Viéc derandomizer dugc thyc hi¢n bing cach cho qua lai bd randomizer & dau thu.

)
In_ran
-3 ena
ena Bedter  sout —» Out_ran
@ sl Logical Bit Operator2
st

LFSR Sequence

Hinh 5. Mach thuc hién randomizer

4.2. Mach channel encoder va channel decoder

B6 mi hoa kénh dugc sir dung 1a bd ma Convolutional code, tc d6 mic dinh la 1/2, chiéu
dai bo ma hoa 1a 7 va dung da thire sinh la:

G; = 171ger cho X va Gy =133¢cr cho Y

B gia ma duoc thiét ké bang thudt todn Viterbi. Kién tric co ban cia thuat toan Viterbi
gdm ba khéi chinh: khéi tinh khoang céch nhanh (branch metric) ding dé tinh khoang cach
Haming cta céac bit (1a 2 bit néu sir dung téc d6 ma 1a R=1/2) véi cac nhanh, khéi cong-so
sanh-chon cé nhiém vu tinh téng khoang cach Haming va chon dudng c6 khoang cach ngén
nhét, khéi cudi cung dé quan ly bd nhé cho dudng cén giita lai. Dy la chudi bit giai ma cua
thuat toan. Hinh 7 trinh bai b giai ma dung thuét toan Viterbi. Trong do, chiéu dai qui héi
dugc chon 1a 42.
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Hinh 7. M6 hinh giai ma ding thudt toan Viterbi

4.3. Mach IQ mapper — IQ demapper
. Hinh 8 trinh bay khdi IQ mapper theo phuong phap QPSK. Khéi IQ mapper dugc thiét ké
bang bang tra. Khoi IQ demapper dugc thiét ké bang ngdn ngir Verilog véi cdu tric IF-THEN.

3 (1:0) %Lﬂ‘n, id 9
oy o Out_Map!
LuTs ™ e
. o Biwiea  ampty =
- - — 3]
. . » usdw(? 0) | =
= FIFO_R4
(10 : (13:0) 1 d q
— B — Out_Map2
r LTe ™ e 2
1d_data s e _.@
> usdeg7 0)
% FIFO_R3
Hinh 8. Mach IQ Mapper
4.4. Mach tao Pilot

Thanh ghi tao chudi bit gia - ngdu nhién dugc sir dung dé tao ra céc bit cia pilot. Pa thirc
sinh cua PRBS nay la: 1 + X® + X''[4]. Gi4 trj cua phép diéu bién Pilot ing véi symbol
OFDM thir k s& dugc suy ra tir cic wy.. Cac vi trf ding dé chén pilot va gié trj chén duoc tinh
nhu sau: .

Cgg =Ci33=C|3=C3g=Cq3 = Cgg = I-2Wk vag Cga=Cp3= 1-2('Wk) (6)

Tin hiéu index dung dé xéc dinh vi tri bit trong symbol OFDM. Mach tao pilot dugc trinh
bay & hinh 9.
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Hinh 9. Mach tao pilot

4.5. Mach ghép symbol OFDM
Phin tao symbol dugc thiét ké bang ngon ngir Verilog nhu hinh 10. Vi dy, mét symbol
OFDM dung trong chuan 802.16 dugc dinh nghia nhu sau: {28 s0 zero,100 data, zero, 100

data, 27 so zero}. Trong do céc vi tri chén pilot 1a c.gg, C.63, C-38, C-13; €13, C38, C63 va Cgg.

0= pndeE0)
Ch » data_ic13:0) | I—
1 out_l
C )——J »pilot_i(13:0) ¥
= Symbol_OFDM :
In_datal o > 2e10(13:0) ymbeol O out_0(13:0)

Constantt P data_Q(13:0) Out_Q
pilot_}! pilot_Q(13:0) 1d_data ___L'El
@_ HOL import

In_data
8 y=—
pilot_0

Hinh 10. Mach ghép symbol

4.6. Mach IFFT va Cyclic prefix

Phan IFFT dugc thi_ét ké dua trén MegaCore clia Altera n
sir dung la IFFT 256 diém. Tin hiéu trude khi phat di s&
dai 1a %. Phén cyclic prefix dugc thi

bing Verilog. Mach thyc hién thém cyclic prefix duoc trinh bay & hinh 12.

hu hinh 11. Phép bién déi dugc
rudc fi s& duoc thém doan cyclic prefix c6 chicu
ét bing cach két hop cac by nhé FIFO va khoi diéu khién
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In_imag Vel "_v7_2

Hinh 11. Mach thyc hién IFFT
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Hinh 12. Mach thuc hién thém Cyclic prefix

4.7. Kénh truyén va cin bing
Tin hi¢éu OFDM s(t) dugc truyén qua kénh truyén cé dép g xung h(t), & d4u thu ta nhan
dugc r(t). Trong trudng hop c6 nhiéu AWGN n(t), ta c6:

r(2) = h(t)*s(t)+n(t) (7
Tuong (g trong mién tén sé, ta co:
R(f)=H(/).S(f/)+N(f) (8)

Trong d6 S(f’)chinh 12 OFDM symbol ban diu. Viéc khéi phuc dé tim lai S(f) tro
thanh cong viée loc nhi€u N(f) cé phé trai déu va uée luong dép tmg tin sé cia kénh

truyén.
Tai dau thu, tin hiéu OFDM luén phai duge chuyén v& symbol OFDM bing bién dbi

Fourier nén tin hiéu nhan dugc luc nay la R(f) thay vi r(?). Piém thuan loi khi wéc lugng
dap Ung ‘tén sb la céc phép nhén chép trong mién théi gian duoc chuyén thanh nhan thudng
trong mién tan so.
Goi S, (/) 1a céc vi tri thong tin biét trude duge phan tan trong symbol OFDM
Tai dau thu, khi nhan duoc R(f), cac vi tri twong tng vai céc pilot s& duge trich ra, ta co:
Rpi!a: (f) . Sp:‘.’ar (f)'HpHor (f) + N(f) (9)
Tam bo qua tac dong ctia nhiu AWGN, ta cé
Rpilo.r (f) = Spifol (f)Hp.r'fot (f) (10)
Tir d6 suy ra dap tng tan sé cua kénh truyén tai cac vj tri tuong rng véi cac pilot

R
17[,,;;0,(f)=—”‘M (11)

Spﬂor(f)

To H,,(f), toan by dap img H(f) cia kénh truyén c6 thé duoc suy ra bing phuong
phdp ndi suy tuyén tinh. Sau khi c6 duge H (f), ta thuc hién cén bing cho toan bé tin hiéu
béng cong thirc:

R(f)
S(f)=—2= 12
() ) (12)
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5. KET QUA

Phin ndy trinh bay céc két qua thir nghiém cia h¢ théng OFDM. Hau hét cac két qua co
duoc bing cong cu Signal Tap. Dy 1a cong cy phd bién dé kiém tra timg khoi chirc nang khi
thiét ké trén FPGA. Két qua sau dugc xir ly trén FPGA s€ luu trong RAM. Signal Tap cho
phép doc két qua trong RAM vé mdy tinh va hién thi trén mdy tinh.

5.1. Két qua bing cong cu Signal Tap

Hinh 13 trinh bay két qua thir nghiém b randomizer va derandomizer. Ta thdy dir liéu sau
khi qua bo randomizer hai 14n s& giong nhu dir li¢u ban dau. Dir ligu sau khi thyc hién gi ngiu
nhién s& cé tranh dugc truong hop céc cac s6 ‘0’ (hodc s6 ‘17) xudt hién lién tuc.

1 - - —— - - p— - — - )
(3) o I =1l TReeup E B e R CEREESE EEE i bl bty it
o
40 60 80 100 120
. . e - I
®) o5 MR- HE- 4 -FR-H- - HHE A
& i i
20 80 80 100 120
1 PSRRI S T
(O IR -1 T SRR EEPEES ST DESLD DS REALE! Sty tebtet Ml
o
20 60 80 100 720
Hinh 13. Két qua kiém tra bd ngau nhién hoa
(a) Dit ligu goc

(b) Dir liu sau khi gia ngdu nhién
(c) Dit liéu sau khi giai gia ngau nhién
Hinh ‘14 trinh bay‘ Kkét qua thu nghiém by ma h()a Convolutional Code. M6 hinh thir
nghiém gom liéu ban dau sau d6 thuc hién ma héa c6 toc 8o ¥. Dit liéu sau khi ma héa bi cong

nhiéu cé phén bd roi rac. Sau d6, thuc hién thudt toan Viterbi dé giai ma. Két qua cho thay

chudi bit sau khi giai ma luén giéng véi chudi bit dir liéu ban dau. Piéu nay két lugn by ma
héa convolutional code c6 thé sit dung tot véi cdc 10i rdi rac.
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Hinh 14. Két qua thir nghiém bd ma hoa kénh
(a) Dir lidu gbc

nnnnn

“anny

(b) Dtr ligu sau khi ma hod
(¢) Dir ligu da cong nhiéu
Hinh 15 trinh bay két qua viéc ghép thanh symbol OFDM. Symbol OFDM gém 256 diém
trong d6 gom céc so zero, pilot va data.
PL =y 1 ) W” Jl - Tﬂﬂ d ”E e S [T =
Ta thyc hign bién déi IFFT 256 diém cua symbol OFDM dé tao thanh tin hiéu OFDM nhu
hinh 16a. Dir li¢u nay s& thém doan cyclic prefix nhu hinh 16b.

(d) Dit ligu sau khi giai ma
P B S
> 3 LA
M
Hinh 15 Céu trac Iis.)lfmbol OFbiM (a) Truc I, (b) Truc Q

"°°‘1r.im |l‘j1\ v7on 1nhn 1800 "'nl"n :nirn
Hinh 16. Phan thyc ciia tin hiéu OFDM
(a) Dir li¢u sau khi bién doi IFFT, (b) Dix liéu sau khi thém cyclic prefix
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5.2. Pho ciia tin hiéu OFDM

Bai bao thiét ké hé théng OFDM ¢ dai gbe. Vi vay, viéc khdo sat phd ciia hé théng dugce
thie hién do trén truc thuc va truc do. Phé cuia hé théng khi chay trén Matlab thu duogc két qua
nhu hinh 17. Két qua nay hoan toan phu hop véi ly thuyét cua ky thuat OFDM. Khi thiét ké
trén DSP Builder, céc khoi dugc thiét 1ap & toe do bang véi toc dd cua kit (bang 1). Vi vay, khi
khao sat phd cua hé théng bing cong cu trén Matlab chi cho bang thong 1a 1 Hz. Bing thong
ndy s& nhdn véi tée do clock cua kit dé cho ra bang thong that t€. Vi dy, néu ta cdu hinh clock
cho kit 1a 100MHz thi ddy ciing chinh 13 téc d9 truyén cua hé théng.

] ey
. Fq_l \{J |

40

Magnitude-squared, dB8

)

ool 0 03 04 05 0607 080 00
Frame: 10 _ Frequency (Hz)

Hinh 17. Phé cua tin hiéu OFDM trén Matlab

Vi bing thong tin hiéu 1a 80MHz nén ta thlet 1ap may phan tich phé co tan sb trung tam la
40MHz va span la 80MHz. Két qua do thuc té cé khac biét so véi do bang cdng cu phan tich
phd cuia Matlab. Phén khéc biét chu yéu ndm ¢ thanh phén tan sé cao. D:eu nay dugc ly giai do
dép tng tan s6 cia mach DAC trén kit khong cao. Tuy c6 su khic biét vé phé nhung khi kiém
tra dit li€u & ngd ra FPGA thi hoan toan phu hop véi trén Matlab, va déc biét 1a phia déu thu
da nhan chinh xdc chudi dir liéu truyén. Hinh 18 trinh bay phé cua tin hiéu OFDM trén mdy
phan tich pho.

2008 Jun 7 - 13:44
REF -4.17 dBm MKR 7.20 MHz
8.7 dii “AVnite Nonm | i Rlask S0 -62.25 4Bm
_ SPAN
80.00 MHz

CENTER 40.00 Mz SPAN 85000 Mz
) ATT 1D dB

Hinh 18. Pho cua tin higu OFDM trén méy phén tich phd

Hé théng OFDM hoan chinh c6 thé dat dugc tbe d6 60Mbps khi tin s hé théng la
100MHz, convolutional code 1/2, sir dung QPSK, phép FFT/IFFT 256 diém, cyclic prefix la
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Ve HE thong ¢6 BER la 10 khi _qua kénh truyén AWGN co6 SNR la 30dB. Véi céc tham s6
trén, thoi gian cho qua trinh tmyen dit liéu tir bén phét dén bén thu 12 khoang 2500 xung clock
(255). Thoi gian tré nay phan 16n tip trung & phép bién d6i IFFT/FFT, bd giai ma Viterbi,
va cac b nhé FIFO. Linh kién duoc sir dung 1a FPGA Stratix EPS1S25 véi tai nguyén su
dung: Total logic elements 14 17389 (68 % ), Total LABs 1a 2020 ( 79 % ).

6. KET LUAN

Bai béo hoan thanh viéc thiét ke cac khéi trong mot hé théng OFDM bing DSP Builder
trén nen Matlab Simulink. Viéc thiét ke bing DSP Builder cho phép ta tin dung cac khéi chic
ning vé logic, sb hoc, phép toan trén 50 phuc va 1p trinh c6 cau trac. Ngoai ra, DSP Builder
khong nhitng cho phép xdy dung céc khoi tir ngdn ngit 1ap trinh Verilog hoge VHDL ma con
cho phép sir dung cdc MegaCore ctia Altera. Linh kién dugc sir dung 1a FPGA Stratix EPS125.

Két qua thir nghiém trén cac khéi randomizer - derandomizer, channel encoder-channel
decoder, IQ mapper - 1Q demaper, symbol OFDM, signal OFDM, channel estimation, va
equalizer cho thdy hé théng hoat dong t6t. Pay la co s¢ dé thuc hién cac hé théng thuc té sur
dung k¥ thuit OFDM nhu 801.11g, 802.11n (WiFi), 802.16 (WiIMAX). Pdng thoi, bai bao mo
ra kha niing nghién ctru va phat trién céc hé théng truyén théng tién tién & dai gbc (baseband).

IMPLEMENTING AN OFDM SYSTEM ON HARDWARE

Dang Le Khoa, Nguyen Truong An, Bui Huu Phu, Nguyen Huu Phuong
University of Sciences, VNU-HCM

Abstract: Recently, OFDM technique has been applied to many digital communications
systems such as DVB-T, WiFi, WiMAX and MIMO systems. OFDM can send multiple high-
speed signals by using orthogonal carrier frequencies. In addition, OFDM technique can
combat inter-symbol interference (ISI) and inter-channel interference (ICI). Therefore, OFDM
has been an essential technology in high-speed communications. The aim of this project is to
implement the base-band OFDM system on hardware exploiting FPGA-based DSP
Development Kit and DSPBuilder® software from Altera®. The results can be used for
training purpose and for a further development of OFDM-based communication systems.

Keywords: OFDM, ADSL, DVB-T, WiFi, WiMAX, ISI, ICI.
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