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Performance Analysis of a Multimode Fiber Communication System Based on

the Adaptive Modulation Orthogonal Frequency Division Multiplexing
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Abstract With the development of short distance communication network, multimode fiber (MMF) has become a
ideal medium to realize high-speed transmission of information with large-capacity. But the severe model dispersion
of the MMEF restrict its transmission ability. To improve the transmission ability of the MMF, a MMF
communication system based on adaptive modulation (AM) orthogonal frequency division multiplexing (OFDM) is
designed. An adaptive bit loading algorithm which is fit for this communication system is proposed. Simulation is
done to validate the feasibility of the algorithm. Based on the given system, the effect of adaptive modulation to the
transmission performance of the system is emphatically analyzed. And the bit error rate (BER) curves of different
bit rates, different transmission performance with and without adaptive modulation are compared. The result shows

that adaptive modulation can improve the transmission performance of the system effectively, and overcome the

effect of deep fading nulls very well.
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Fig. 1 Schematic diagram of the OFDM
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Fig. 2 A MMF communication system based on the
adaptive modulation OFDM
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Table 1 Threshold SNR under different target BER (SNR: dB)
BPSK 41QAM 8QAM 16QAM 32QAM 64QAM
107! —1.6973 1. 3114 4.5962 7.5089 10. 257 12.138
10°* 2.2011 5.2114 8.7128 11. 847 14. 836 16. 964
107 4.3136 7.3239 10. 881 14. 082 17.118 19. 346
107" 5.7797 8.79 12. 39 15.621 18.7 20.918
1077 6.8823 9. 8926 13.509 16. 758 19. 854 22.088
107° 7.7685 10. 779 14. 406 17. 667 20.773 23.017
determine the bit of every subcarriers according to threshold, meanwhile record
the differences (marked difference, , and differencerigm) between the current
SNR(corresponding to subcarriers) and threshold adjacent to it.
v
determine the total of bit loading D, |
L
plus 1 bit on the subcarrier whose| |subtract 1 bit on the subcarrier whose
IjldLI differencerighl is minimum difference ; is minimum
[ |
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Fig. 3 Adaptive bit allocation algorithm flow chart
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Table 2 Simulation parameters of OFDM MMEF link of the system
Parameter Value Parameter name Value
Length of IFFT/FFT 64 Fiber type MMF
Number of subcarrier 31 Length of fiber 1 /km 1
OFDM symbol period /ns 6.4 Length of fiber 2 /km 2
Length of cyclic prefix /ns 1.6 Differential mode delay /(ns/km) 2
Total symbol period /ns 8 Fiber loss /(dB/km) 1
Modulation mode {Not modulation,  Modulator type MZ1
BPSK, MQAM}  Photodetector type PIN
Transmission rate /(Gbit/s) 11.625 Responsivity of photodetector /(mA/mW) 0.9
Bandwidth-distance product /(MHz « km) 300 Thermal noise current /pA 0.8
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Fig. 4 Frequency response (a) and bit loading result (b) of fiber 1
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Fig. 5 Frequency response (a) and bit loading result (b) of fiber 2
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Fig. 6 BER of different fibers with and without AM

M AGMREN EEH R, StLF 1 IR DR
GEIRM R OLLE 2 RER A Z AR R RE .
KB IE RIS O 2 ML 1 R SRR
AT WA O HLL R AT R RO . R
SIATATE 2 B IS R S B TR T 2 AR R
PG DR AR L V6 A TR BE S8 v i IR T AL 1R B
AR BR TR AR R VR RE R B &
BALL 2 MR EER SO 1 WE Hl T HE
TS A A ST B 1A B A 25 AN R A AR G R A A RE
S, T ZOCH R R il RO IR . e T DU A
HEETE  FE IR A O e IR TR T SN RS
PERE AR FEAR T R AIRIG R

7 05 BT SR B I8 B i A A R DG 2R 1E AN R
R AR TR R G R EE. WA 7 AT LA
LR ARG R G AR R X 1R G R
—RE R AR T A i 3 SRR R ECRE I o R ) R



586 H i b 35 %
10° vertical cavity surface emitting lasers for bandwidth
enhancement of multimode fibre links [C]. Con ference on Laser
1072 and Electro-Optics , 1998, 14(18) :33~36
3 L. J. Sargent, M. Webster, I. H. White ¢ al.. Spatial
5 107 emission control of vertical cavity surface emitting lasers to
m 106 provide bandwidth gain in multimode fibre links using a simple
alignment technique [J]. Semiconductor Laser Conference,
1078 1998, 4(8):241~242
IEEE g“:ﬁ:ﬁ \‘;11:1]} llllggg X& \\ 4 H.-G. Yeh, V. R. Ramirez. Implementation and performance
107 2 R ol b win 775, 35 1% of a M-ary PSK and QAM-OFDM system in a TMS320VC5416
0 5 10 15 2I() 25 30 35 digital signal processor [ C]. Second International Conference on
SNR /dB Digital Telecommunications 2007, 1:21~27
5 Fang Zujie, Ye Qing, Liu Feng et al.. Progress of millimeter
B 7 ASRIDE L AS TR 3 R R 1) R S0 iR il 4 wave subcarrier optical fiber communication technologies [J].
Fig. 7 BER of different fibers with different bit/s Chinese J. Lasers, 2006, 33(4):481~488
. N . N N AT L S (| I S = A [ R 4 iR = NIi
1. £35S0, gl B 7 O T DL A T el
T ,ﬂﬁi@%ﬁ%ﬁﬁ%ff&ﬁﬂﬂ‘,j‘ﬁé¥ 1f12 i%ﬁ%%ﬂfﬁ 6 Cong Yuliang, Wang Hongzhi. Principle of Digital Signal
\ NN . “ . VRN N Processing and the Implementation of MATLAB [M]. Beijing:
%%K&j\jﬁ%ﬁ ’ lz‘m‘%%ﬁ)% 9%1@%@ 1= J}EJ&%{E&E% Publishing House of Electronics Industry, 2005. 89~97
PFR B R A R AT LS/ R X i i R M RE Y AE R ERE. BT 53 O MATLAB 96 8i[ M.
Z 2 < > 2% dest. s Lol Bk, 2005, 89~97
%}Uﬁ aﬁﬁii&ﬁ%{f&%%lﬁﬁ%%o 7 Hou Xiaoxin, Wu Junli, Yin Changchuan e al.. Adaptive
modulation with channel estimation in highspeed packet-based
Qj: N OFDM communication systems [ J]. The Journal of China
6 -H Te Universities of Posts and Telecommunications, 2004, 11
GRONENE S A SRR S i DANE Y a (Suppl.) - 77~82 _
8 Tong Xuejian, Luo Tao. OFDM Mobile Communication Theory
%T%/\E/‘J ﬁ% o &i+T%ﬁ E ﬁﬁiﬂﬁﬁrﬁﬂmﬁﬁ E/(JJ_.ET%/FJFI and Application of Technology [ M ]. Bingjing: Posts and
EMEROCEEI RS, SR TIENF WA T o 2000 015
=i . OFDM B ahl 5 H AR EMH 5 HIM]. Jbat.
B B &N R e . S E T T B E JCELIEH M RREE . 2003, 123~133
fﬁﬂ X;j/% é‘b‘@ ﬁlé E/‘J %} ”l'ﬂ] . é:é‘:%%?{ Eﬁ , E iﬁ_mi}g}] ir'ﬁu ﬁ 7k 9 Xiao Jianhua, Zhang Ping. Adaptive modulation for variable-
N [N N PO rate OFDM system with imperfect channel knowledge [ ] ].
ﬁ&ﬁﬂﬁ ?EH& T [ﬂzﬁ % }ﬁ\ Xd‘ /Z{I:‘\ 2 L‘K:E He E/‘J 2 ”l"ﬂ ’ IS%{E\E& T Journal of Beijing University of Posts and
/2% zjﬁi%ﬁ%% , ﬂyj}%}l— g;’:ﬁ%éﬂiﬁ{g R4 5 E(J 'ﬁ ‘H*'é j:jz Q[J Telecommunications , 2003, 26(3) :16~19
v B, sk P AERSEIERASE ST OFDM R4 H ) A&
T AT Z AT T % REBIHEARLT). 7 95t k% %R, 2003, 26(3):16~19
10 Andreas Czylwik, Deutsche TelekomAG. Adaptive OFDM for
. wideband radio channels [ J]. IEEE Trans. on Commun. ,
% % j[ ﬁk 1996, 43(3):713~718
1 L. Raddatz, I. H. White, D. G. Cunningham et al.. Influence 11 Fan Changxin, Zhan Daoyong, Xu Bingxiang e al..

of restricted mode excitation on bandwidth of multimode fiber
links [J]. IEEE Photon. Technol. Lett. , 1998, 10(4):534~
536

2 M. Webster, L. J. Sargent, P. Dawd et al.. Mode-controlled

Communication Principle [ M . National Defence
Industry Press, 1995. 158~160

BEEAE AR S BRI IM. du s E B Dol
Jikk, 1995, 158~160

Bingjing:



