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Fig. 1 Block diagram of OFDM transceiver system

ZWEHEIE Kol , OFDM H{5-5 AT Ry

s(t)=§x,l exp(j2mfit), O0<t<T (1)

k=0

K o MR IR R AT S f R kRIS SR e h
SRBERFR], TR R JE Y

TE[O,TIHE] Y, X OFDM {55 s(6) LA T/N B3 R KA, BI 4
=mT/N, m=0,1,-- N—-1, W% m I~ REE SN

N-1
s,,,:ZxA exp(j21TfkaT)7 m=0,1,--,N-1 (2)
k=0

AR B :2016-06-30; %= B #1:2016-08-03

AeT R B RSHEAF AR (8633 %)) B (2015AA016904) ; F B 1 & )54+ 52 L 450 B (2015M570057)
WeE WA mR WG B 8 A Sk kAl 4 2 4%, BT 15 44 tianfeng@bupt.edu.cn
FURAEK R, ZI05 . 5T FPGA 698 OFDM % %o P 5 B & 839 4581 520 [)]. FH4EF4R, 2016, 33(16): 150-153; doi: 10.3981/j.issn.1000-7857.2016.16.019

B 150



Fl 5 2016,34(16)

i T AT BB e (1) =exp(i20f,0) Fl e, (1) =exp
(j2nf, 1)
Ji (e (e)de = [} exp(i2mf,r)exp(=i2mf, 1)
= [} expj2m(f, £, )]s
_expli2n(f,—£) - 1 (3)
2w(f.~f.)
=T+ exp[j2m(f, —/, )T [sinc[(f, ~/,) T]
I AT ()1 e, ()33 T3S ST 8] 0

f~fl= % (4)
OFDM F#R AT R & DFT 43 HER A 5L 50A% , B
S =% (5)
FRGIRAK Q)T 3
s",:ig):xk exp(jan-ka), m=0,1,---,N-1 (6)

)RR AE M A T VR SRR B BEAT5 x, X s, E AT I
AR, BIEA T B AU B AR $e DFT £5:31)

N-1

X, = 25”‘ exp(—jZﬂTka),

m=0

k=0,1,---,N-1 (7)

2 EEMEHERREE
P2 Sy (B B B 2 FAE T

My -~~~ -~~~ ————— Bl
| Receiver

) fiber fiber! :
Transmitteré H(w) E{ H'(w) ]—»[Demodulation] !
I I

I

|

CD Compensation Filter

CD Filter |

E2 ‘EHEnEs
Fig. 2 Structure diagram of dispersion equalization
WS GET AR LR RN A DAL, 17 18 T 0 4 Bl A
PREETR
H(z,w)= exp(—j%zczwzj (8)
Horp DO R B A DI 2 AR R B, ¢ ot
TECET T BRI IR , o N BRI FR
e H2 W o, AH N CD 2 g 19 4% 38 ek KT 3l

@)= 005 P (8) T

2
e = exp{ {20 )

BRI H (2, 0) PEAT HUM-00 46, 0T LIS CD X d ()
S e PR

g (nh= | exp(—j e f) (10)

DA’z DXz

3 R4
S OFDM-PON f&4 Z 5074 K 3 i , 1 5e R 5L

SCIENCE & TECHNOLOGY REVIEW

(Xilinx V5 F51 FPGA) FI 2k 58 AR IR A7 -5 1 OFDM 1 il LA
KRR FECTA5 5 A0 B, SR J5 i H 19 OFDM {5538 o i 7%
ety (DAC) ZE e BRI 5, BRI A e (5 5 E A%
o PelSO I T PIN EROGME S LS 5, fi s 5 4
KA K 22 5 P38 i E Uk U 2% LPF SR A7 08 fa A %
ADC, Zid DL B ALEEAE S50 2] Xilink V5 FPGA H, X 2
W B A5 5 04 7 2 1 A BHLAR 5 PR A T 3 i, e e T
P TR F AT

B3 it OFDM-PONE#i R4t F &KL
Fig. 3 Structure diagram of real time OFDM-PON
transmission system

Horp e kv ] 4 (a) TR , 0B FU R 48 R 98
)5 AT QAM A, BUL B2 55 7= AE B B A T IFFT 48
= OFDM AR5, FRe it B R A fb 5 AR BB 4T 1L i
BE I IR TR K B PG PR TR, LA = 06 OFDMAE 5 i bt
BOPEBE , P ICT CZR % EL L ) A IST (445 18] R 40 ) 14 [
T3 Ak, 381X OFDM #5538 il 5 7 51 A 43, mT DAAE 22U
i XA AT R A0 SR A B A, BRI TU R ), JE
WS i G Tk 5 S — 0 43, Lh R i el L R 4
WO R 7 o FERRIOR AR H AN 1] 4. (b) TR, FPGA 42081 Y
55 e AT L B i, SR 5 R T 2 FARAE e R
[P R SR GE D, HRiDE OFDM 1Y [R5 5 i R H]
it B RE T IR B 2T IR G R . 43 I R AR R R I B AT
B, BT UG PR AT SR FET 32 5k 52 R IR 15 5, #EaE
it OFDM FF-5 1) 45 sk Y11 25 7 37 52 B A 3 A - AAR 7 A 11
TS B R A O BAE PR TR, LT R GE R

IETE

(a) ZiXmisbr

9e | sz
it sl | Bl Velm| |w
Lo (3] e
e & 2 i
4y || S | || ||| W
4> e

(b) Bl
El4 OFDM-PON f&#i % Gt a U & iR
Fig. 4 Transceiver module of OFDM-PON
transmission system

151



542 2016,34(16)

SCIENCE & TECHNOLOGY REVIEW

[E 58 258 R HI% FPGA Hle T 559 , #4524 VIRTEX-5
LXT/SXT. f% i [ R LA A 700 MHz, 1/0 1 4% [ 3 %N
1.25 Ghit/so HORUEA St iy it RE B iR 454, i8N B K
It TP R A% R G g, L P A S T AB R OK 1Y 36 Kb Bk

E5 FPGARKIZH
Fig. 5 Physical map of FPGA board

RAM/FIFO . %5 — 4% 25x18 DSP Slice . & 45 Wi 5T fi 4 52 i
BB E PR (DCM) AR (PLL ) If e £ Bl i 174 138 5 50
A4S BIAR e L e v 2 A T 30

4 hRERBRAH

AV THH H ISE14.3 #0458 B T 88 14 HL 1% 19 Verilog 1%
T ZEA (—FP R T B 05 A RTL ARG 4 s X R 8 S B
L), fif ] Modelsim 10.1c 5 B 7 05 B o 8 il 4% 284
OFDM-16QAM, {5 5 4 %}y 1 Ghit/s, {518 8 @B R E N
20 ps/(nm-km),

&1 6 il (55 O LI T 181 7 AR 28R 10,30
J 50 km 2T EHOS BT TS RS ML, AT IR
HIZOT RS T B A R AT ROR S T AR . B
8 FN T R[FIME I 2 E I T GBS AT i 5 i OSNR 752k (1%
23 BER=10") , /] LI I 2850 (U IO J OSNR PERESR = T
0.5~1 dB.

E6 #HWmmESHERNRF

Fig. 6 Time sequence diagram of signal at receiver

5 ‘
E! R B
= [ 10km @Bk AW
—41--—- 10km 346 |- I s
—v— 30 km @A !
—— 30 km A 7T I 4
—5 == 50 km ERCRIH [N
—o— 50 km {a Bt A L
10 11 12 13 14 15 16 17 18 19 20
OSNR /dB
E7 AEMEHIEEEIRDIERE
Fig. 7 BER performances with different
transmission distances
5 &g

FET OFDM 114592 3L It 2R (00 0 20 £ Jt L, F S 17 6 T
FPGA IS LR 5 ik M e, 25 R R W% D5 1578 OFDM-

Bl 152

=8 ORI
175 —— EHIGH |
170]... G St AT
g S il :
§16‘5 T
2]
o
16.0 beemmene gl ot b 2 B S0 RN
15.5 pevvve- R ELLLELEELETET R v v e gy EE
15.0 H H H
10 20 30 40 50

E8 AEEHIEEK OSNRER@BER=10"
Fig. 8 OSNR requirements at different
transmission distances@ BER=10"°

PON R4t RERS 1A B AR I LB B R, R sia s
Z %5 OSNR PERESE 8 T 0.5~1 dB, RIS 2 T 1352 n set 78
ZRAb TR



Fl 5 2016,34(16)

2,

&30k (References)

[1] Seiji Okamoto, Kazushi Toyoda. 512 QAM (54 Gbit/s) coherent optical
transmission over 150 km with an optical bandwidth of 4.1 GHz[CJ/
Conference and Exhibition on Optical Communication 2010. Turin, Ita-
ly: IEEE, 2010: 1-3.

[2] Tatsunori Omiya, Kazushi Toyoda, Masato Yoshida, et al. 400 Gbit/s fre-
quency—division—multiplexed and polarization— multiplexed 256 QAM-
OFDM transmissionover 400 km with a spectral efficiency of 14 bit/s/Hz
[C}//Optical Fiber Communication Conference 2012. Los Angeles: IEEE,
2012: 1-3.

[3] Xin Xiangjun, Zhang Lijia, Liu Boand, et al. Dynamic A=OFDMA with
selective multicast overlaid[]J]. Optics Express, 2011, 19(8): 7847-7855.

[4] Zhang Lijia, Xin Xiangjun, Liu Bo, et al. A novel ECDM-OFDM-PON
architecture for next— generation optical access network[]]. Optics Ex-
press, 2010, 18(17): 18347-18353.

[5] Liu Bo, Xin Xaingjun, Zhang Lijia, et al. A WDM-OFDM-PON archi-
tecture with centralized lightwave and PolSK—modulated multicast over-
lay[J]. Optics Express, 2010, 18(3): 2137-2143.

[6] Jin Xianging, Giddings Rogers, Tang. Real-time transmission of 3 Gb/s
16-QAM encoded optical OFDM signals over 75 km SMFs with nega-
tive power penalties[J]. Optics Express, 2009, 17(17): 14574-14585.

[7] Giddings Rogers, Jin Xianqing, Hughes—Salas. Experimental demonstra-

SCIENCE & TECHNOLOGY REVIEW

tion of a record high 11.25 Gb/s real-time optical OFDM transceiver
supporting 25 km SMF end-to—end transmission in simple IMDD sys-
tems[J]. Optics Express, 2010, 18(6): 5541-5555.

[8] Hugues—Salas Emilio, Jin Xianqing, Giddings Rogers. Directly modulat-
ed VCSEL-based real-time 11.25 Gb/s optical OFDM transmission
over 2000 m legacy MMFs[J]. IEEE Photonics Journal, 2012, 4(1): 143—
154.

[9] Qian Dayou, Tai—On Kwok Tyrone, Cvijetic Neda. 41.25 Gb/s real—
time OFDM receiver for variable rate WDM—-OFDMA~-PON transmission
[C)//Optical Fiber Communication Conference 2010. San Diego: IEEE,
2010: 1-3.

[10] Qiao Yaojun, Zhou Ji, Wang Lei. 1 Gb/s Multimedia service upstream
transmission in real-time DSP-based OFDM- PON|C]/International
Conference on Communications in China 2013. Xi‘an: IEEE, 2013:
190-194.

[11] Cho Seung—Hyun, Kyong WhanDoo, Jie Hyun Lee. Demonstration of a
real-time 16 QAM encoded 11.52 Gb/s OFDM transceiver for IM/DD
OFDMA-PON Systems[C]//Opto Electronics and Communications Con-
ference 2013(OECC/PS). Kyoto, Japan: IEEE, 2013: 1-2.

[12] Lin Wei, Li Zhaohui, Li Jianping. 18.6 Gb/s DDO-OFDM system with-
out dispersion compensation based on DML[J]. Optical Communication

Technology, 2012, 36(10): 50-52.

Research on real—-time dispersion equalization in an OOFDM system

based on FPGA

TIAN Feng, LI Xianpeng

State Key Laboratory of Information Photonics and Optical Communications; School of Electronic Engineering, Beijing

University of Posts and Telecommunications, Beijing 100876, China

Abstract A method of real-time dispersion equalization for optical OFDM system based on FPGA is researched in this paper. According
to the principle of dispersion equalization, a simulation platform for the OFDM-PON system is setup. The results show that the dispersion
equalization module based on FPGA can effectively compensate for the dispersion damage, and that the performance of OSNR can be
improved by about 0.5~1 dB and the requirement for real-time processing system can be met.
Keywords high speed optical fiber communication; OFDM; dispersion equalization; FPGA
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